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Editorial note: 
 
NMOSD is an immune mediated demyelinating disease. Though its clinical presentation may overlap 
with multiple sclerosis, distinguishing these two entities is important in view of differences in treatment. 
Anti-NMO antibodies play a crucial role in the workup and diagnosis of NMOSD. In this review, Dr 
Elaine Au provided an overview of the NMOSD condition and the use of anti-NMO antibody assays. 
We welcome any feedback or suggestions. Please direct them to Dr Elaine Au 
(email: ayl436@ha.org.hk) of Education Committee, the Hong Kong College of Pathologists. Opinions 
expressed are those of the authors or named individuals, and are not necessarily those of the Hong Kong 
College of Pathologists.   
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NMO is an idiopathic immune mediated 
demyelinating disease that predominantly affects 
optic nerves and spinal cord. The prevalence range 
from 0.3 to 4.4 per 100000 people, with Asian and 
African-American more affected than Caucasian, 
where multiple sclerosis is more common in the 
white population (1-5). The condition has been 
named as Devic’s disease in the past (6), which 
described a monophasic disorder presenting with 
simultaneous bilateral optic neuritis and 

transverse myelitis. With the availability of specific 
serological marker, antibodies that targeted the 
water channel aquaporin-4 (AQP4), the clinical 
and neuroimaging spectrum of NMO disease is 
broadened. Instead of being a monophasic 
disorder, NMO antibodies positive patients with 
recurrent attacks are not uncommonly found. 
Moreover, the clinical presentations are more 
variable than the traditional Devic disease. There 
is no pathognomonic clinical feature of NMO 
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spectrum disorder (NMOSD), though certain 
clinical presentations are particularly suggestive of 
the disorder. These include simultaneously 
bilateral optic neuritis, complete spinal cord 
syndrome and area postrema clinical syndrome.  
 
Multiple sclerosis is an important differential 
diagnosis of this condition in view of the 
overlapping clinical features of these two 
conditions. In NMOSD, optic neuritis tends to be 
more severe, more often with simultaneous 
bilateral involvement or sequential in rapid 
succession, compare to multiple sclerosis. 
Complete spinal cord syndrome, with 
longitudinally extensive transverse myelitis in MRI, 
is more suggestive of NMOSD than multiple 
sclerosis. Differentiating NMOSD from other 
demyelinating disease, i.e. multiple sclerosis is 
important since the treatment is different. Indeed, 
some multiple sclerosis therapies may aggravate 
NMO disorders (7-10). 
 
Diagnostic Criteria  
 
In 2006, the serological marker was first 
incorporated into the revised NMO diagnostic 
criteria. In 2007, NMOSD was introduced to 
include seropositive patients who do not follow 
the classical monophasic bilateral optic neuritis 
and transverse myelitis. Lately, the International 
Panel for NMO Diagnosis (IPND) has further 
revised the diagnostic criteria (11). For anti-NMO 
antibodies positive cases, presenting at least one 
core clinical characteristic of the disease is 
required for diagnosis. Core clinical characteristics 
include optic neuritis, acute myelitis, area 
postrema syndrome (episode of otherwise 
unexplained hiccups or nausea and vomiting), 
acute brainstem syndrome, narcolepsy or acute 
diencephalic syndrome with typical Magnetic 
Resonance Imaging (MRI) lesions and symptomatic 
cerebral syndrome with typical MRI lesions. On the 
other hand, more stringent clinical criteria, with 
additional neuroimaging findings, are required in 
seronegative patients to fulfill the diagnostic 
criteria (See appendix).  
 

For the workup of the disease, MRI, cerebral spinal 
fluid (CSF) exam and serological test for anti-NMO 
antibodies are important. In some patients, CSF 
pleocytosis, usually in the form of monocytosis 
and lymphocytosis, are present. Increased CSF 
protein levels are noted in 46-75% of cases (12, 13). 
Nevertheless, presence of CSF oligoclonal bands is 
uncommon in NMOSD, and at most transient, in 
contrast to the presence of persistent CSF 
oligoclonal bands in the case of multiple sclerosis. 
Finally, visual evoked potentials, somatosensory 
evoked potentials and brainstem acoustic evoked 
potentials examination may also be helpful in the 
workup.   
 
Clinical course and prognosis  
 
In NMOSD syndromes affecting regions other than 
optic nerve and spinal cord, not uncommonly 
patients will relapse with more classical 
involvement in subsequent attacks. Majority of 
NMOSD patients suffer from recurrent attacks (80-
90%), less frequently monophasic attack (10-20%) 
(14), while gradual progressive course with 
neurological deterioration is very rare (15). 
Relapses usually occur in clusters, but 
unpredictable intervals. In the Mayo Clinic series, 
the second relapse occurred within 1 year in 60% 
of cases, and within 3 years in 90% of cases (16). 
Repeated NMO attacks not uncommonly lead to 
accumulation of neurological impairment. NMO is 
associated with more adverse outcome than MS in 
general(14).  
 
NMOSD has been shown to be frequently 
associated with other autoimmune disorders, 
including lupus, Sjogren’s syndrome, etc (17-19). 
On contrary, NMOSD is not common in rheumatic 
disease patients. 
 
Anti-NMO antibodies 
 
Among the different investigations, NMO 
antibodies test is central to the workup. Anti-NMO 
antibodies are pathogenic. The third extracellular 
loop of AQP4 is the major epitope for the anti-
NMO antibodies. Biopsy and autopsy tissue 
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obtained from seropositive patients demonstrate 
loss of AQP4 immunoreactivity. Perivascular 
complement activation in actively demyelinating 
lesions is also happened. In the central nervous 
system (CNS), AQP4 is expressed at the foot 
processes of astrocytes, near the basement 
membranes, in the optic nerve, in a subpopulation 
of ependymal cells, in hypothalamic nuclei and in 
the subfornical organ (20, 21). Truncated astrocyte 
processes or cell loss were found in demyelinating 
lesions (11). In rat models, passive transfer of the 
antibodies leaded to the development of disease 
(22, 23). These pathological findings distinguish 
NMOSD from multiple sclerosis.  
 
The Anti-NMO antibodies can be detected by 
indirect immunofluorescence staining on tissue 
slide using mouse cerebellum tissue section, cell-
based assays, radioimmunoprecipitation assays 
and enzyme-linked immunosorbent assays (ELISA). 
Overall, cell-based assay is preferred in view of 
better assay sensitivity and specificity compared to 
other methods. Ideally, confirmatory testing with 
one or more techniques is suggested (11), 
especially in cases with atypical presentation or 
borderline results are obtained.  
 
In tissue based indirect immunofluorescence test, 
NMO antibodies positive case is characterized by 
the binding to structures adjacent to 
microvasculature, the Virchow-Robin spaces (VRS) 
and pia mater (Fig.1).   
 

 
Fig. 1. Mouse cerebellum tissue section stained 
with anti-NMO antibodies. 

 
This assay allows the detection of any coexisting 
anti-neuronal antibodies, which may be important 
as differential diagnosis and workup. However, the 
method is observer dependent and subjective. The 
interpretation of antibody staining may easily be 
affected by non-specific background staining on 
the tissue. In some rare occasions, antibodies 
other than anti-NMO may mimic the staining 
pattern and lead to false positive results. Moreover, 
indirect tissue based immunofluorescence test has 
relative low sensitivity (63-64%) (24-27).  
 
Cell-based assay utilize cell lines such as human 
embryonic kidney 293 (HEK293) cells or Chinese 
hamster ovary (CHO) cells that have been 
transfected with AQP4 gene expression vector, so 
that expressing much higher level of antigen 
comparing to normal tissues. Cell lines from 
different units may use different ratio of the two 
isoform of AQP4: M1 and M23 in order to obtain 
optimal antigen presentation. Cell-based assay can 
be assessed by indirect immunofluorescence 
staining or flow cytometry. For indirect 
immunofluorescence cell- based assay,  slide with 
fixed AQP-4 gene transfected cells and non-
transfected cells growing on different biochips are 
placed side by side for comparison. Therefore, 
false positivity is minimized with the inclusion of 
control non-transfected cells. A higher expression 
of antigen in the transfected cells also enhance the 
assay sensitivity compared to tissue-based indirect 
immunofluorescence testing. (Fig.2) 
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Fig.2. HEK 293 cells transfected with AQP-4 gene 
expression vector and stained positive with anti-
NMO antibodies.  
 
 
 Overall, cell-based assay is the recommended 
assay in view of good sensitivity and specificity 
(mean sensitivity 76.7% in a pooled analysis; 0.1% 
false positivity in a multiple sclerosis cohort) (24-
27). Commercial kits for indirect 
immunofluorescence cell-based assay are 
available, which facilitate the assay setup in 
service laboratories. Nevertheless, indirect 
immunofluorescence method is semi-quantitative 
and observer dependent.  
 
Protein-based assays, like ELISA and 
radioimmunoprecipitation assays, in general, have 
lower sensitivity compared to cell based assays. In 
addition, ELISA, in particular at low titer, may yield 
nonspecific results. However, these assays provide 
quantitative results which may potentially be used 
for serial monitoring (24).  
 
Though NMO antibody testing in serum is well-
established, the diagnostic role of testing the 
antibody in CSF is controversial. Most of the cases 
reported in literature are diagnosed by serum test, 
though there have been rare cases reported that 
were CSF positive but serum test negative (28, 29). 
When studying paired CSF and serum samples 
with antibody indices calculated, intrathecal 
production of the NMO antibody is rare (24).  
NMO antibodies can be present in patients few 
years before and after the disease presentations. 
Lately, there is increasing evidence that the 
antibody titre may reflect disease activity. Elevated 
antibody levels at relapse and decrease in titre 
after immunosuppressant treatment has been 
reported in literature (30-34). Therefore, serial 
monitoring may possibly facilitate management 
and medication adjustment. However, there is no 
general threshold value for clinical relapse and the 
absolute level varies with individual patients. 
Rising level may not predict relapse in all cases. In 
addition, some methodologies, like indirect 
immunofluorescence test, only provide semi-

quantitative results, and inter-run reproducibility 
is another issue. Other factors including the 
frequency of test necessary to achieve meaningful 
disease status monitoring and the cost involved 
are also important consideration. Therefore, it 
remains to be determined whether the marker 
should be serially monitored for treatment 
response and disease activity monitoring.   
 
Treatment 
The treatment for classical Devic’s disease 
presentation and relapsing NMOSD presentation is 
no different. High dose steroid is commonly 
employed as first- line of treatment in acute 
presentation. Plasma exchange may be considered 
in treatment refractory cases. Immunomodulatory 
treatment with interferon β, which is a treatment 
option in multiple sclerosis, may exacerbate 
NMOSD disorders. Therefore, differentiating 
between these two conditions is important. 
Options of steroid sparing immunosuppressants to 
consider in NMOSD include azathioprine, 
methotrexate, mycophenolate mofetil, rituximab, 
etc (14).  
 
Conclusion: 
NMOSD is a rare but increasingly recognized 
condition, which present as an inflammatory and 
demyelinating autoimmune disorder affecting the 
central nervous system. With the availability of a 
serological marker, anti-NMO antibody, the 
diagnosis and differentiating from related 
conditions is facilitated. Timely diagnosis and 
treatment is important for the management of 
these patients.    
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NMOSD diagnostic criteria for adult patients 
 

Diagnostic criteria for NMOSD with NMO-IgG 
1. At least 1 core clinical characteristic 
2. Positive test for NMO-IgG using best available detection method (cell-based assay strongly 

recommended) 
3. Exclusion of alternative diagnoses 
Diagnostic criteria for NMOSD without NMO-IgG or NMOSD with unknown NMO-IgG status 
1. At least 2 core clinical characteristics occurring as a result of one or more clinical attacks and 

meeting all of the following requirements: 
- At least 1 core clinical characteristic must be optic neuritis , acute myelitis with LETM, or 

area postrema syndrome 
- Dissemination in space (2 or more different core clinical characteristics) 
- Fulfillment of additional MRI requirements, as applicable 

2. Negative tests for NMO-IgG using best available detection method, or testing unavailable 
3. Exclusion of alternative diagnoses 
Core clinical characteristics 
1. Optic neuritis 
2. Acute myelitis 
3. Area postrema syndrome: episode of otherwise unexplained hiccups or nausea and vomiting 
4. Acute brainstem syndrome 
5. Symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical 

diencephalic MRI lesions 
6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions 
Additional MRI requirements for NMOSD without NMO-IgG and NMOSD with unknown NMO-Ig 
status 
1. Acute optic neuritis: require brain MRI showing (a) normal findings or only nonspecific white 

matter lesions, OR (b) optic nerve MRI with T2-hyperintense lesion or T1-weighted gadolinium-
enhancing lesion extending over >1/2 optic nerve length or involving optic chiasm 

2. Acute myelitis: requires associated intramedullary MRI lesion extending over >=3 contiguous 
segments (LETM) OR >=3 contiguous segments of focal spinal cord atrophy in patients with 
history compatible with acute myelitis 

3. Area postrema syndrome: requires associated dorsal medulla/ area postrema lesions 
4. Acute brainstem syndrome: requires associated periependymal brainstem lesions 

Neurology 2015;85:177-189  
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Clinical features and laboratory findings atypical for NMOSD, that need to consider alternative diagnoses 
 

1. Progressive overall clinical course (neurologic deterioration unrelated to attacks: 
Consider MS) 

2. Atypical time to attack nadir: less than 4 hours (consider cord ischemia/ infarction); 
continual worsening for more than 4 weeks from attack onset (consider sarcoidosis or 
neoplasm) 

3. Partial transverse myelitis, especially when not associated with LETM MRI lesion 
(consider MS) 

4. Presence of CSF oligoclonal bands (oligoclonal bands occur in < 20% of cases of NMO 
vs > 80% of MS) 

Comorbidities associated with neurologic syndromes that mimic NMOSD 
1. Sarcoidosis, established or suggestive clinical, radiologic or laboratory findings thereof 

(e.g. mediastinal adenopathy, fever and night sweats, elevated serum angiotensin 
converting enzyme or interleukin-2 receptor level) 

2. Cancer, established or with suggestive clinical, radiologic or laboratory findings 
thereof; consider lymphoma or paraneoplastic disease ( e.g. collapsing response 
mediator protein-5 associated optic neuropathy and myelopathy or anti-Ma-
associated diencephalic syndrome) 

3. Chronic infection, established or with suggestive clinical radiologic, or laboratory 
findings thereof ( e.g. HIV, syphilis) 

Neurology 2015;85:177-189 


