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Abstract
Background & Objective: To evaluate the prevalence of aquaporin-4 antibody (AQP-4 Ab) seropositive
patients in neuromyelitis optica (NMO) and neuromyelitis optica spectrum disorder (NMOSD) and to
compare the clinical, investigation features and treatment outcome between the AQP-4 Ab seronegative
and seropositive groups. Methods: All NMO and NMOSD patients in Maharat Nakhon Ratchasima
hospital during January 2012 to December 2016 were recruited. Demographic, clinical, laboratory
and imaging data were collected from the medical records. All data were analysed and compared
between seropositive and seronegative groups as appropriates. Results: There were 12 (29%) and
30 (71%) NMO and NMOSD patients, respectively. There were 30 (71%) patients who hadAQP-4
Ab seropositive status. Thirty-three (78.6%) patients were female. In seropositive group, there were
significantly higher proportion of female patients (87% versus 58%, p=0.04), immunosuppressant
treatment (33% versus 0%, p=0.04), patients who had serum albumin less than 4 g/dL (46% versus 0%,
p=0.02), cerebrospinal fluid (CSF) pleocytosis (71% versus 17%, p=0.01) and patients with extensive
spinal cord involvement (67% versus 25%, p<0.05) than seronegative group. CSF-serum glucose ratio
was significantly lower in seropositive group than seronegative group (0.5 + 0.03 versus 0.7 + 0.04,
p=0.01). Conclusion: The prevalence of AQP-4 Ab seropositive patients in NMO and NMOSD was
71%. There were significantly more female patients, immunosuppressant treatment, patients with serum
albumin less than 4 g/dL, CSF pleocytosis, low CSF-serum glucose ratio and extensive transverse
myelitis than seronegative group.
Keywords: Aquaporin-4 antibody; serologic status; neuromyelitis optica; neuromyelitis optica spectrum
disorder; clinical features
INTRODUCTION
Neuromyelitis optica (NMO) and neuromyelitis
optica spectrum disorder (NMOSD) are rare
neurological conditions which result in permanent
neurological deficits causing disability and
reduced quality of life. In Thailand, these
conditions are more common than multiple
sclerosis.1-3 According to the diagnostic criteria for
NMO and NMOSD (revised in 2006 and 2015), the
aquaporin-4 antibody (AQP-4 Ab) is an important
clinical supplement for diagnosis. 4,5 Some
studies showed correlation between serological
titer with clinical features, severity, co-existing
autoimmunity, disease activity, investigation
findings, stabilization and prognosis2,3,6-12 whereas
others did not.8,13,14 The primary objective of this
study was to compare the clinical and investigation

features between the aquaporin-4 antibody
seronegative and seropositive NMO and NMOSD
patients. And the secondary objective to evaluate
their AQP-4 Ab serologic status prevalence and
treatment outcome.
METHODS
All patients with diagnosis of NMO 4 and
NMOSD 5 in Medicine department, Maharat
Nakhon Ratchasima hospital during January 2012
to December 2016 were recruited. Their data,
including of age, sex, medication, frequency of
attacks prior to diagnosis, duration of signs &
symptoms, comorbidities, clinical characteristics,
Expanded Disability Status Scale (EDSS) (at
baseline, post-treatment and follow-up), blood
tests, AQP-4 Ab results, sera and cerebrospinal
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fluid (CSF), were analysed at Prasat Neurological
Institute, Bangkok, Thailand. CSF analyses and
imaging results were collected from medical
records and imaging reports.
Statistical analysis
The data were analysed using Stata/MP 14, then
presented as mean and standard deviation for
continuous variables with normal distribution
(according to Skewness and Kurtosis test) or
median and ranges for the other. The Receiver
Operating Characteristic (ROC) analysis was
performed to optimize the cutoff point of
continuous data. The categorical data were
shown as frequency and percentage. Student
t-test or Mann-Whitney U test (according to
data distribution) was used for comparison
of continuous variables between AQP-4 Ab
seropositive and seronegative groups. Proportions
were compared using 2-tailed Chi-square or
Fischer-exact test as appropriates. The level of
statistical signiﬁcance was deﬁned when p-value
was less than 0.05.
RESULTS
From January 2012 to December 2016, there
were 12 (29%) and 30 (71%) NMO and NMOSD
patients, respectively, 33 (79%) of them were
female. Their mean age was 41.0 + 13.0 years.
The number of patients with coexisting disease
was 11 (26.3%). There were 3 who had systemic
lupus erythematosus (SLE), 1 had old ischemic
cerebrovascular disease (CVD) who had fully
recovered and the other coexisting diseases
were type-2 diabetes mellitus, hypertension,
dyslipidemia, coronary artery disease, central
retinal artery occlusion and supraventricular
tachycardia. The median duration of symptom
was 14 days (range 1-1095 days). Most common
symptoms were motor weakness (26 or 61.9%)
and sensory impairment (21 or 50%). There
were 23 (54.8%) myelitis, 11 (26.2%) brainstem
encephalitis and 10 (23.8%) optic neuritis patients.
The number of patients who had bilateral optic
neuritis at onset was 4 (9.5%) and simultaneous
myelitis and optic neuritis 3 (7.1%). There were
10 (23.8%) patients treated with steroid and 4
(9.5%) with azathioprine. Physical examination
revealed mean muscle power of 3.1 +1.9 according
to Medical Research Council scale. The median of
baseline, post-treatment and follow-up of EDSS
7 (range 1-9), 6 (range1-10) and 5 (range 0-10),
respectively. The mean follow-up duration was
19 + 8.7 days.
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As Table 2, the laboratory investigations
showed that 30 (71%) patients were AQP-4 Ab
seropositive and mean serum albumin of 4.1 +
0.4 g/dL. Lumbar puncture was performed in 23
(55%) patients. Two CSF samples of these were
tested for AQP-4 Ab and 1 of them was positive.
CSF analyses showed that the median white blood
cell count and protein level were 7 cells (0-153
cells) and 47 g/dL (10-528 g/dL), respectively,
and mean of CSF-serum glucose ratio of 0.6 +
0.1. From imaging reports, there were 39 patients
who had undergone MRI with contrast including
26 (61.9%) brain MRI, 27 (64.3%) spinal cord
MRI and 8 (19.1%) orbit MRI. The mean myelitis
length was 7.9+ 4.3 vertebral bodies.
In the seropositive group, there were
significantly higher number of female patients
(87% versus 58%, p=0.04), immunosuppressant
treatment (33% versus 0%, p=0.04), patients who
had serum albumin less than 4 g/dL (46% versus
0%, p=0.02), CSF pleocytosis (71% versus 17%,
p=0.01) and patients with extensive spinal cord
involvement (67% versus 25%, p<0.05) than
seronegative group, as shown in Table 3.CSFserum glucose ratio was significantly lower in
seropositive groupthan seronegative group (0.5 +
0.03 versus 0.7 + 0.04, p=0.01). Age, frequency of
attacks, presentation syndromes, other laboratory
results, other imaging characteristics, followup duration and outcome of treatment had no
statistically significant difference.
DISCUSSION
The prevalence of AQP-4 Ab seropositive status
of NMO and NMOSD patients was 71%. This
was compatible with some previous studies
(68.6-78.3%).7,9,10,13 This study revealed that there
were significantly more female in AQP-4 Ab
seropositive group than negative group, which
was same as prior studies.7,9
The number of immunosuppressant treatment
was significantly higher in AQP-4 Ab seropositive
group. This might be correlated with frequency
of relapse of immune-related inflammatory
demyelinating disease other than NMO and
NMOSD such as their comorbid autoimmune
diseases (SLE, Rheumatoid arthritis). As previous
study, coexisting autoimmune disorder (such
as SLE, Sjögren’s syndrome, etc.) were more
common among seropositive patients. 6,7,15,16
There were some reports that NMO was the
first manifestation of SLE and there were AQP4 Ab existing in the sera for years before the
first NMO attack in patients with SLE.16-18 In the

Table 1: Baseline clinical characteristics of neuromyelitis optica and neuromyelitis optica spectrum
disorder patients
Baseline characteristics
Female

Age (years)

Coexisting diseases
SLE
Old ischemic CVD
Others

Symptom duration of the last attack (days)
Diagnosis of neuromyelitis optica

Frequency of attacks prior to diagnosis
Symptoms
Motor weakness
Sensory impairment
Visual disturbance
Cranial neuropathy
Consciousness impairment

Syndromes
Myelitis
Brainstem encephalitis
Optic neuritis
Bilateral optic neuritis
Simultaneous myelitis and optic neuritis
Immunosuppressant treatment
Steroid
Steroid and Azathioprine

MRC scale of motor power of the last attack
Baseline EDSS of the last attack
Posttreatment EDSS
Follow-up EDSS

Follow-up duration

N (%) or Mean + SD
33 (79)

Median (range)

41.0 + 13.0
3 (7.1)
1 (2.4)
11 (26.2)

51.9 + 174.0

14 (1-1095)

1.2 + 1.2

1(0-5)

12 (29)

26 (61.9)
21 (50)
9 (21.4)
5 (11.9)
4 (9.5)
23 (54.8)
11 (26.2)
10 (23.8)
4 (9.5)
3 (7.1)
10 (23.8)
4 (9.5)
3.1 +1.9
5.5 +2.8
5.3+2.8

4.6 + 2.8
19+ 8.7

7 (1-9)

6 (1-10)
5 (0-10)

SD, Standard deviation; SLE, Systemic lupus erythematosus; CVD, Cerebrovascular disease; MRC, Medical Research
Council; EDSS, Expanded Disability Status Scale

other hand, SLE could develop overlapping NMO
later.19-21 This study had too small number of SLE
patients to show their significant association.
In the seropositive group, we found that there
were more patients with serum albumin level less
than 4 g/dL which derived from the Receiver
Operating Characteristic (ROC) analysis. The
reference range of serum albumin level in our
laboratory was 3.5-5.5 g/dL. The serum albumin
level was in the low normal range probably as a
result of acute illness or inflammatory disease.
CSF pleocytosis (CSF white cells >5/mm3)
was found statistically significantly more often
in seropositive group as prior study.9,22,23 In NMO
and NMOSD patients, most of the patients had
normal CSF glucose level.24-26 In contrast, this

study showed lower CSF-serum glucose ratio (0.5
+ 0.03) in the seropositive group. These findings
might be related to severe inflammation of central
nervous system22 causing impairment of active
glucose transport across the blood brain barrier
and higher metabolic demands of neurons and
glial cells.22,26
As recent studies7,10,12, there were more patients
who had extensive transverse myelitis in the
seropositive group. It was defined that the length
of spinal cord involvement were more than 6
vertebral bodies. This optimized cutoff point was
compatible with recent study.7 The explanation
might be that the more severe the inflammation,
the longer was the spinal cord involvement.
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Table 2: Baseline investigation characteristics of 42 neuromyelitis optica and neuromyelitis optica
spectrum disorder patients
Baseline characteristics
Mean + SD or N (%)
Aquaporin-4 antibody seropositive patients
30 (71)
Positive CSF Aquaporin-4 antibody
1 (50)
Serum albumin (g/dL)
4.1 + 0.4
Serum albumin < 4 g/dL
12 (34.3)
CSF white cells
17.6 +32.7
CSF pleocytosis(CSF white cells >5 cells/mm3)
13 (56.5)
CSF protein
85.0 + 112.2
CSF glucose
67.3 + 16.6
CSF-serum glucose ratio
0.6 + 0.1
Abnormal brain imaging
Brain CT (N=8)
3 (37.5)
Brain MRI (N=26)
24 (92.3)
Orbit MRI (N=8)
6 (75.0)
Spinal cordMRI (N=27)
27 (100)
Length of myelitis (vertebral bodies)
7.9+ 4.3
Extensive spinal cord involvement (> 6 vertebral bodies)
14 (53.9)
MRI with contrast
39 (95.1)

Median (range)

7 (0-153)
47 (10-528)
63 (38-116)

SD, Standard deviation; CSF, Cerebrospinal fluid; CT, Computerized tomography; MRI, Magnetic resonance imaging

Table 3: Comparison of clinical and investigation characteristics according to AQP-4 serologic status
Clinical and investigation features
Seropositive(N=30) Seronegative(N=12)
Female
26 (86.7)
7 (58.3)
Age (years)
40.4+ 2.5
42.6+ 3.2
Duration of symptom (days)
14 (1-1095)
22 (1-365)
Diagnosis of NMO
11 (36.7)
1 (8.3)
Frequency of attacks prior to diagnosis
1 (0-5)
1 (0-2)
Optic neuritis
6 (20)
4 (33.3)
Myelitis
18 (60)
7 (58.3)
Immunosuppressant treatment
10 (33.3)
0
Motor symptom
20 (66.7)
6 (50.0)
MRC scale of motor power
3.0 +0.4
3.6 +0.5
Serum albumin < 4 g/dL
12 (46.2)
0
3
CSF pleocytosis (CSF white cells >5/mm ; N=13) 12/17 (70.6)
1/6 (16.7)
CSF-serum glucose ratio
0.5 + 0.03
0.7 + 0.04
Abnormal brainMRI (N=24)
17/18 (94.4)
7/8 (87.5)
Length of spinal cord involvement (vertebral bodies)
8.9 + 1.0
5.6+1.2
Extensive spinal cord involvement
12/18 (66.7)
2/8 (25.0)
(> 6 vertebral bodies; N=14)
MRI with Gadolinium enhancement (N=26)
18/29 (62.1)
8/10 (80.0)
Baseline EDSS of the last attack
7 (1-9)
4.5 (1-8)
Posttreatment EDSS improvement
8 (26.7)
3 (25.0)
Follow-up EDSS improvement
11 (39.3)
4 (33.3)
Follow-up duration
18.0 + 1.7
22.8 + 2.1

p-value
0.04
0.32
0.42
0.07
0.69
0.36
0.92
0.04
0.31
0.18
0.02
0.01
0.01
0.54
0.07
< 0.05
0.30
0.35
0.91
0.72
0.09

Analyses by using student t-test or Mann-Whitney U test and Chi-square or Fischer-exact test
NMO, Neuromyelitis optica; MRC, Medical Research Council; CSF, Cerebrospinal fluid; MRI, Magnetic resonance
imaging; EDSS, Expanded Disability Status Scale
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According to the difference between
seropositive and seronegative patients from our
study, we suspected that the AQP-4 Ab could
be used as an inflammatory marker to evaluate
disease severity and prognosis. Large sample size
of NMO and NMOSD patients in further studies
may be helpful.
The limitations of this study included limited
resources that not all patients were investigated
with both MRI and AQP-4 Ab, which might lead
to an underestimation of NMO and NMOSD
prevalence. Neurological imagings were
performed according to patients’ neurological
deficit, which might introduced missing data
on the extent of MRI lesions, perhaps including
asymptomatic lesions.
There was no statistically significant difference
of treatment outcome at post-treatment and shortterm follow-up. The long-term outcome might be
necessary for further studies.
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