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Welcome. You are not alone...
N•M•O.  Three letters that have changed our lives forever.  
When Ali was diagnosed with NMO seven years ago, there was 
precious little information to be found and like so many we felt 
alone.  We soon learned how little work was being done to solve 
this disease and The Guthy-Jackson Charitable Foundation was 
formed. Since that time remarkable progress has been made, 
leading the way as we move forward to more work ahead.

Having just read this Second Edition of our Foundation’s NMO 
Patient Guide, I realize that as an NMO community, we’re not 
alone anymore. 10,000 readers eagerly reached for our First 
Edition NMO Guides with many later sending thoughtful notes 
of “Thanks.”  There has been a tremendous groundswell in 
our NMO advocacy community by those who live with NMO.  
Together we work to raise awareness of this rare disease, not 
just for our NMO community but for all who suffer from rare 
diseases, numbering 25 million in the U.S. 

This Resource Guide for NMO is intended to offer help  
and guidance to all those who have been impacted by this 
rare disease.

          With love and hope, 
          Victoria Jackson, Founder



How to Use This Book

This guide may be a companion, a mentor, a compass, a 
friend – all meant to support you on your journey with 
neuromyelitis optica (NMO) and/or neuromyelitis optica 
spectrum disease (NMOSD). While certain sections 
address NMO and NMOSD specifically, for simplicity in 
this guide, the abbreviation NMO will be used to mean 
both NMO and NMOSD.  Whether you are a patient, a 
caregiver, a family member or someone who just wants 
to learn more about NMO, we hope that you can find 
some answers to unanswered questions, a helping hand 
where there was no help, or perhaps a sympathetic ear 
as you gain comfort and knowledge from the resources 
in this guide and in the foundation’s online community.  
Because this book offers a great deal of information, we 
encourage you to pace yourself.  In navigating the world 
of NMO, we hope this guide may serve as an interactive 
tool in which you can take notes, highlight text, keep a 
diary, write down more questions or ideas, and anything 
else you think will help you live with NMO.  You may 
have NMO – but NMO does not have you.     

In an effort to address primary concerns of NMO 
patients, their families and caregivers, information is 
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presented in a simple, straightforward format.  The 
content lists at the beginning of each section aim to 
assist in finding specific information.  

This book provides information to NMO patients, 
caregivers, family and friends while addressing the unique 
challenges of living with an uncommon disease.  Ask 
your doctor for advice regarding questions that arise as 
you read this book.  In the back of this book is a “notes 
section” which is provided to record ideas, observations, 
or questions for visits to your doctor.  

A valuable companion to this book is The Guthy-Jackson 
Charitable Foundation website: 
www.guthyjacksonfoundation.org   

There you will find ways to get involved to help cure 
NMO by visiting our NMO patient site, NMOtion, 
educate yourself about NMO research by reading 
scientific publications on Spectrum, and links to social 
media like our Facebook and Twitter communities. Many 
patients gain from these tools by connecting with others 
who are living with NMO.

Helpful website resources include:  ■ information about 
NMO clinical trials, ■ video library called “NMO TV” 
containing videos that look at NMO from multiple 
perspectives, ■ published studies that speak to the 
evolving depth of research in NMO, ■ ways to join 
our advocacy community and raise awareness about 
NMO, ■ “Connect the Docs” and “Mapping NMO” to 
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assist in locating NMO clinicians and our community 
of NMO Advocates, ■ information on how to donate 
blood samples to our biorepository for NMO research, 
and ■ a link to our donation page for those who are 
able to donate to our cause.  Any donation amount is 
welcome to help fund our mission to cure NMO.  The 
Guthy-Jackson Charitable Foundation allocates 
100 percent of all donations directly to NMO 
research.



The Guthy-Jackson Charitable Foundation is proud 
to facilitate awareness and education about NMO. 
It is important to note that information provided in 
“NMO:  What You Need to Know” should not 
be used or considered as clinical advice, therapeutic 
recommendations, or medical treatment. For specific 
information and medical advice, consult your physician.  
The Guthy-Jackson Charitable Foundation does not 
endorse or recommend products, services, manufacturers, 
or assume any liability whatsoever for the use or content 
of this or any product or service mentioned.
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address NMO and NMOSD specifically, for simplicity in 
this guide, the abbreviation NMO will be used to mean 
both NMO and NMOSD. 

How many people have NMO? This remains a 
difficult question to answer.  However there is an 
emerging sense that the number of NMO cases has 
been underrepresented.  This situation may be due 
to a previous lack of awareness of this disease, its 
underdiagnosis, and similarities that NMO shares with 
other autoimmune and neurologic conditions.  Current 
studies indicate that the incidence (number of new 
cases) and prevalence (total number of active cases) 
of NMO is likely greater than originally noted, 
as NMO was once thought to be a form of 
multiple sclerosis (MS).  Also, NMO is becoming 
more effectively diagnosed with special imaging methods 
and other new diagnostic criteria that are supported by 
a recently developed and specific blood test.  Many of 
these tools have emerged in just the past 10 years, so 
the current published estimates of NMO disease may 
still be lower and may not accurately reflect the true 
frequency of NMO worldwide.

Currently, NMO in the United States is estimated to 
affect approximately 1 in 25,000 people (previously 
published studies cited 1 in 100,000), and seems to 
occur at roughly this frequency around the world. Global 
statistics on the prevalence of NMO has yet to be 
determined1.  In the U.S., the National Institutes of Health 

Preface

A diagnosis of neuromyelitis optica (NMO) and / or 
neuromyelitis optica spectrum disease (NMOSD) can 
be a confusing and frightening experience for NMO 
patients and loved ones.  Many newly diagnosed 
patients may feel overwhelmed, powerless or alone.  
The resources contained in this book aim to provide 
information that may be helpful to empower those 
affected by NMO — and help NMO patients and their 
families understand that they are not alone – others 
travel this road with them.  While certain sections 

Preface

1Estimates may vary depending on ethnicity.
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population, making it difficult to recover research costs 
of developing treatments.  Rare diseases are commonly 
called orphan diseases because they have not been 
adopted by the pharmaceutical industry, perhaps due 
to little financial incentive to make or market new 
medications to treat or prevent it.  However, NMO 
is special even among rare diseases, because 
there is a simple blood test that can enhance 
diagnosis and specific treatment of NMO as 
compared with other similar illnesses.  

While a diagnosis of NMO can be challenging, it  
can also reveal strengths.  When presented with  
their teenage daughter’s diagnosis of NMO, the  
Guthy-Jackson family set out on a mission for all 
those affected by this uncommon disease to facilitate 
improved prevention, diagnosis, treatment, and coping 
resources for NMO patients and caregivers, and to 
bring scientists and clinicians together to explore new 
ways to solve this disease.

The Guthy-Jackson Charitable Foundation 
(GJCF) is a non-profit 501(c)(3)organization dedicated 
to funding research, increasing public health education, 
and bringing physicians and researchers together to 
develop clinical programs with the goal of finding a cure 
for NMO.

To facilitate research, education, and outreach, the 
GJCF has assembled scientific and medical advisory 
teams that have identified and published best current 

(NIH) classifies NMO as a rare orphan disease (fewer 
than 200,000 people affected). It is estimated that 
NMO affects at least 4,000 people in the U.S. 
alone. Worldwide, NMO is likely to affect tens of 
thousands of people based on prevalence rates 
in other countries.   

NMO is one of roughly 7,000 rare diseases that 
affect about 25 million people in the U.S. alone, 
according to the NIH.  Each touches a relatively small 
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treatment guidelines, recognized expert clinical centers 
for NMO treatment, and funded basic and clinical science 
to further the understanding and improve diagnosis and 
treatment of NMO.  The GJCF promotes collaboration 
among scientific, clinical, industry, and regulatory partners 
to accelerate new medical solutions and ultimately find a 
cure for this rare disease.  
 
NMO patients and their blood relatives are invited 
to talk to their clinicians and medical teams about the 
possibility of volunteering to participate in clinical 
trials.    

12
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NMO Explained
1.1 What is NMO?
1.2 What are the types of NMO?
1.3 What causes NMO?
1.4 What are the symptoms of NMO?
1.5 What can I expect?
1.6 How is NMO diagnosed?
1.7 Diagnoses other than NMO
1.8 Recognizing a relapse (attack)
1.9 Areas of the body commonly affected by NMO
1.10 How does NMO affect the body?  

Mechanisms of damage

1.1 What is NMO?

Once thought to be a variation of multiple sclerosis (MS),  
neuromyelitis optica (NMO) and neuromyelitis 
optica spectrum disease (NMOSD) are rare 
orphan diseases that are now widely recognized as 
diseases that occur when part of the immune system 
dysfunctions, making proteins (antibodies) that attack 
otherwise healthy parts of the nervous system.  In NMO, 
the attack is directed toward the nerves of the eyes and 
other parts of the central nervous system (CNS), 
which include the brain and spinal cord.  

1
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Approximately 60 – 70 percent of NMO patients have 
detectable antibodies (immune proteins) in their blood 
that target a protein that channels water in and out of 
cells existing primarily in the brain and spinal cord called  
aquaporin 4 (AQP4).  

Historically, NMO was diagnosed when both the spinal 
cord and optic nerves were affected.  Neuromyelitis 
optica spectrum disorder (NMOSD) includes 
limited versions of the condition involving attacks to just 
ONE area (either ON or TM) with or without the AQP4 
antibody.  Patients with NMOSD are thought to have a 
similar prognosis and require similar treatments as do 
those with fully developed NMO.  However, research 
continues to move forward, making it likely that diagnostic 
and therapeutic approaches to NMO and NMOSD 

) QUiCk REad

Neuromyelitis optica (NMO) and NMO 
spectrum disorders (NMOSD) are diseases that 
damage tissues of the central nervous system 
(CNS).  These conditions likely result from mistakes 
made by the immune system that cause injury and 
swelling (inflammation) of the optic nerve (optic 
neuritis or ON) and/or spinal cord (transverse 
myelitis or TM).  The first symptoms of NMO 
are often rapid changes in vision, balance, and/
or numbness or weakness of the feet, legs, arms, 
or hands.  These symptoms may improve, but can 
reappear (relapse) and may worsen over time.  

NMO and NMO spectrum disorders are inflammatory 
demyelinating diseases of the CNS characterized 
mainly by attacks (relapses) of inflammation in 
both the optic nerve (optic neuritis or ON) 
and spinal cord (transverse myelitis or TM).  
Demyelination is a process that erodes away the 
myelin sheath (the protective covering that surrounds 
the optic nerve and spinal cord).  Damage to the 
myelin sheath slows or stops impulses traveling along 
that nerve and may affect many physical systems.  
Some patients diagnosed with NMO may also have 
attacks that affect certain parts of the brain, especially 
the part of the brain that connects to the spinal cord 
called the brain stem.  

www.guthyjacksonfoundation.org Section 1  NMO Explained
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 ■ Monophasic NMO is less common and is 
characterized by a single, severe attack extending over 
a short period (days or weeks), typically affecting both 
optic nerves and the spinal cord.  Women and men 
are more equally affected by this type.  

When a patient is first diagnosed it remains unclear 
whether the patient will pursue a monophasic or 
relapsing course.

1.3 What causes NMO?

) QUiCk REad

The cause of NMO is unknown.  Like many 
autoimmune conditions, NMO is likely caused by 
a combination of factors, and may be caused by 
different factors in different patients.  Some of the 
factors being studied for potential contributions to 
NMO include:

• Genetics

• Co-existing Autoimmunity

• Infection or Vaccination

• Metabolic Disorders

• Endocrine Disorders

• Allergies

• Other Environmental Factors

will be further refined. Other conditions might also be 
considered as being within the definition of NMOSD. 
For example, inflammation of the brainstem that leads to 
uncontrollable hiccups and vomiting may or may not be 
caused by NMO or NMOSD.  The classification and 
diagnostic criteria regarding NMO and NMOSD 
are anticipated to evolve as new insights are 
gained and applied to patient care.  

For simplicity in this guide, the abbreviation 
NMO will be used to mean both NMO and 
NMOSD.

1.2 What are the types of NMO?

) QUiCk REad

There are two classically described forms of NMO:  

1.  Relapsing NMO

2.  Monophasic NMO

 ■ Relapsing NMO is most common and identified 
by recurrent attacks months or years apart, followed 
by partial or complete recovery during periods 
of remission.  This relapsing form of NMO 
primarily affects women at an estimated rate 
of 4:1 compared to men.

www.guthyjacksonfoundation.org Section 1  NMO Explained
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Co-Existing Autoimmunity: NMO is an 
autoimmune disorder.  This means that the body’s own 
defense system (immune system) attacks its tissues and 
organs.  In other words, the body turns on itself and 
causes disease.  In NMO, the immune system is believed 
to target the aquaporin-4 protein that is present on cells 
called astrocytes in the central nervous system (CNS).  
At the present time, researchers believe that loss of the 
myelin sheath that protects nerves (a process called 
demyelination) results from long-term inflammation 
caused by damage to astrocytes.  Sometimes patients 
with one kind of autoimmune disease also develop 
additional autoimmune diseases, and this may be true 
for NMO.  Approximately one-quarter of patients 
with NMO, especially those with a positive blood test 
for AQP4 antibodies (see section 1.6), have other 
autoimmune diseases as well, such as systemic lupus 

Experts do not know the causes of NMO, and there is 
no specific evidence to inform what may trigger NMO 
relapses.  However, the factors listed in the following pages 
are being studied for their potential roles in this disease.

Genetics:  Changes in structure or function of one or 
more genes are likely to contribute to NMO disease.  
However, genetic changes may be present at birth, or 
acquired over the course of one’s life.  Recent studies 
suggest that compared to Caucasian populations, people 
of Asian or African ancestry have a higher tendency 
to develop NMO.  However in North American and 
European countries, a majority of cases are Caucasian.  
Current research does not suggest heritability as a 
primary cause of NMO, or more common among 
relatives of NMO patients.  Worldwide, only about 
20 families with more than one case of NMO 
have been reported.  While heredity may play a role, 
further research is needed to understand what genetic 
factors (if any) may contribute to NMO.

Sometimes patients with one kind 

of autoimmune disease also develop 

additional autoimmune diseases, and 

this may be true for NMO.  

www.guthyjacksonfoundation.org Section 1  NMO Explained
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patient to patient.  In concept, such causes are likely 
complex, and could include many factors, including 
patient genetics, diet, hormone status, vaccines, microbial 
flora or infections, emotional stressors and many more.  
Studying the potential causes of NMO in a careful and 
evidence-based manner is the most responsible way to 
find meaningful answers, and a key mission of the GJCF.

It is important to note that vaccination remains among 
the most effective ways to prevent many serious medical 
conditions, and the benefits of immunization programs 
may far outweigh any known risks.  Even so, vaccines 
are best considered for each person with respect to 
their specific needs and medical history.  As with all 
information in this guide or elsewhere, NMO patients 
or anyone considering vaccination should 
consult with their physician or NMO specialist 
to assess the potential benefits or risks of 
recommended vaccines.   

Metabolic Disorders:  In recent years, certain 
autoimmune conditions have been found to be 
associated with metabolic disorders.  For example,  
type-1 diabetes is believed to be due to an autoimmune 
process in which the immune system attacks cells in 
the pancreas that make insulin.  It is possible — but not 
known — that NMO may arise from a process that 
involves metabolic dysfunction.  Some researchers 
believe that certain foods or sugary diets can contribute 
to a general increase in inflammation in the body.  
One interesting area of current research focuses on food 

erythematosus, Sjögren’s syndrome, autoimmune thyroid 
disease or myasthenia gravis.

Infection or Vaccination:  The causes of NMO are 
currently unknown.  There are many possible triggers of 
NMO disease, but there is still no evidence to prove any 
specific causes.  However, NMO researchers are open-
minded to all possibilities for understanding how NMO 
develops in a given patient.   For example, it is possible 
that the initial causes of NMO and the triggers of NMO 
relapse may not be identical, and may be different from 

www.guthyjacksonfoundation.org Section 1  NMO Explained
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1.4 What are the symptoms of NMO?

) QUiCk REad

General symptoms of NMO are:

• Optic neuritis (ON)

• Transverse myelitis (TM)

The precise symptoms of NMO often vary from 
person to person.  However, NMO is most commonly 
characterized by one or more episodes of optic 
neuritis (ON) and/or transverse myelitis (TM).  

Generally, NMO symptoms begin rapidly.  After the 
initial attack, NMO follows an unpredictable 
course, and remission intervals vary.  Recurring 
episodes of optic neuritis and/or transverse myelitis 
can be weeks to years and on rare occasions, decades, 
with no treatment in between.  Often these symptoms 
are temporary and resolve (or recover) partially, usually 
after a course of treatment.  

Symptoms and signs of optic neuritis (ON) 
include:

 ■ Rapid onset of eye pain that is worsened by eye 
movement

 ■ Impaired or complete loss of vision usually in one, but 
occasionally in both eyes

components such as gluten as potentially contributing to 
NMO or other autoimmune diseases.

Endocrine Disorders:  NMO and most autoimmune 
diseases occur at a much higher frequency in 
women than men.  This fact suggests there are unique 
aspects of gender that may contribute to autoimmune 
diseases, including NMO.  For example, hormones that 
differ in females and males can influence the immune 
system, particularly during a woman’s child-bearing years.  
Likewise, pregnancy can alter immune system function.  
Research is in progress to better understand potential 
relationships among gender, hormones, pregnancy (see 
section 3.4), and NMO onset or relapses as compared to 
other related autoimmune conditions.    

Allergies: Overly active immune system responses are 
involved in autoimmune diseases as well as allergies.  It is 
possible that there may be a common factor connecting 
these two conditions, which may contribute to NMO 
onset or relapse.  This area of research is a focus of 
studies that are currently ongoing.       

Other Environmental Factors: In addition to the 
possibilities previously described, there may be other 
environmental factors that contribute to the risk of 
NMO onset, relapse, or severity.  For example, the 
potential roles of stress (physical and emotional), fatigue, 
temperature, geography, environmental pollutants or 
toxins, and other factors may be examined for potential 
correlates to NMO.

www.guthyjacksonfoundation.org Section 1  NMO Explained
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Symptoms of transverse myelitis (TM) include:

 ■ Pain in the neck or back

 ■ Band or tightness or corset-like sensations in the 
arms, legs, or stomach

 ■ Sensitivity to touch, cold and heat

 ■ Feeling of numbness, tingling, coldness, itching or 
burning at the affected level of the spinal cord, often 
spreading to large parts of the body over a period of 
minutes, hours or occasionally days

 ■ Weakness in arms or legs ranging from mild to 
complete paralysis in one or both arms and legs

 ■ Urgent need to urinate or difficulty urinating; urinary 
or bowel incontinence (unintentional passing of urine 
or stools), or constipation

 ■ Constipation due to bowel paralysis leading to 
vomiting, abdominal bloating, pain and inability to pass 
stool or gas

 ■ Muscle spasms that may last for several minutes 
accompanied by arm or leg pain

 ■ Fever in some cases

In cases of brain stem or brain involvement 
symptoms may include: 

 ■ Prolonged hiccups, nausea, vomiting or dizziness

 ■ Mental confusion

 ■ Reduced color vision and depth perception

 ■ Occasionally, swelling of the optic disk (located at the 
back of the eye where the optic nerve is connected) 
may be detected, which also can cause “eye pain,” 
visual changes, and headaches

www.guthyjacksonfoundation.org Section 1  NMO Explained
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may not be recoverable leaving severe neurological 
disabilities that are permanent.

NMO symptoms may develop quickly — even within 
a few hours — increase over the course of a few days 
and then plateau; symptoms may improve over weeks 
and months with treatment.  Lasting signs and symptoms 
of NMO vary according to:

 ■ The severity and degree of recovery from the first 
attack

 ■ The number and frequency of subsequent relapses 

 ■ The effectiveness of therapies

 ■ Other co-existing autoimmune disorders, if they are 
present or develop

 ■ Gender

 ■ Age

 ■ Pregnancy

 ■ Other factors

Depending on the response to therapy, some 
patients will experience multiple attacks of ON and/
or TM throughout their lives.  Some measure of 
improvement may occur, but patients may 
experience residual symptoms or disabilities 
that persist.  Experts estimate that among patients 
with relapsing NMO, roughly 50 percent will have a 

1.5 What can i expect?

NMO is considered an acute disease because it comes 
on suddenly, lasts a short time and may enter 
a remission.  Progressive disability developing over 
months and years is unusual, although individual attacks 

) QUiCk REad

NMO patients can expect any of the following:

• Acute attacks of ON or TM

• Rapid development of symptoms

• Potential plateau of symptoms

• Symptoms may improve over weeks and/or 
months with treatment

www.guthyjacksonfoundation.org Section 1  NMO Explained
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to most accurately determine the best clinical care. 
As previously stated, for simplicity in this guide, the 
abbreviation NMO will be used to mean both NMO 
and NMOSD.

1.6 How is NMO diagnosed?

) QUiCk REad

NMO can be diagnosed by a combination of the 
following methods:

• Magnetic Resonance Imaging (MRI)

• Neurological examination

• Blood test: NMO-IgG 

• Lumbar puncture (spinal tap)

• Eye tests

The defining features of NMO are transverse myelitis 
(TM) and optic neuritis (ON) with at least two of the 
following characteristics:

 ■ Magnetic Resonance Imaging (MRI) results which are 
not diagnostic for MS

 ■ A spinal cord lesion extending over three or more 
vertebral segments 

 ■ Presence of aquaporin-4 antibody (NMO-IgG) in  
the blood 

relapse in the first year, 75 percent by the third year 
and 90 percent by the fifth year.  The intervals 
between relapses can be highly variable 
and unpredictable, but may be managed by 
adjusting medications that prevent relapse.  
Relapses can be spaced months or years apart.  
Although the majority of patients with NMO have 
the relapsing form of the disease, early diagnosis and 
treatment may reduce the relapse rate, or lessen the 
severity of relapses should they occur.

People with monophasic (single attack) NMO, which 
is much less common than relapsing NMO, tend to 
have more severe attacks than those with the relapsing 
NMO; approximately 20 percent of patients have 
permanent vision loss, and 30 percent have permanent 
paralysis in one or both legs.  In order to be 
classified as monophasic, patients experience 
a single attack of NMO. Experts are continuing to 
refine the specific definitions of NMO and NMOSD 

The intervals between relapses are 

highly variable and unpredictable, 

but can be managed by adjusting 

medications that prevent relapse. 
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A diagnosis of NMO begins with medical history, 
questions about signs and symptoms and a neurological 
examination.  Key elements of diagnostic testing include:

Magnetic Resonance imaging (MRi)

MRI is a vital tool in diagnosing NMO.  This generally 
safe and painless test uses strong magnetic fields and 
radio waves to produce a detailed image of the brain 
and spinal cord.  

Patients are placed on a table that slides into a cylinder.  
Most imaging centers offer headphones with a wide 
assortment of music and eye covers for comfort.  Some 
centers have open MRI scanners (no cylinder) that are 
helpful for patients with claustrophobia.  The procedure 
lasts approximately 30 to 60 minutes and requires 
the patient to be still the entire time.  Often a water-
based dye is injected into an arm vein (through an IV 

or intravenous catheter) just prior to the scan.  This dye 
allows for more specific pictures of the lesions or sites of 
inflammation in the brain, optic nerves and spinal cord 
and is flushed out of the body within a few hours.
Generally MRI test results in NMO patients show 
lesions indicative of inflammation that extend over 
three or more segments of the spinal cord, the optic 
nerve(s) and occasionally in the brain.  However, brain 
lesions observed in NMO follow a different pattern and 
are not as common as in other diseases, including MS.  

Neurological Examination

A neurologist examines a patient’s cognitive (thinking) 
function, vision, speech, muscle strength, reflexes, 
coordination and sensation.  An eye specialist also may 
be involved in the examination to look for swelling or 
inflammation in the optic nerves.

www.guthyjacksonfoundation.org Section 1  NMO Explained
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It is possible that some people may have a different, 
currently unknown, antibody that can produce similar 
effects as NMO-IgG.

The NMO-IgG test can be ordered by any 
physician and is generally ordered by a patient’s 
primary care physician or neurologist.

Lumbar Puncture (spinal tap)

If your blood test for NMO-IgG is negative and 
your diagnosis is unclear your neurologist may suggest a 
lumbar puncture or “spinal tap” for further testing.

The lumbar puncture allows the neurological team to 
test the cerebrospinal fluid (CSF) surrounding the 
brain and spinal cord, and observe the levels of immune 
cells, proteins and antibodies in the fluid.  In NMO, the 

Blood Test – NMO-igG

In the blood of NMO patients, a particular antibody (a 
type of protein produced by a type of immune system 
cells called B-cells) is present.  This antibody can attack 
the aquaporin 4 water channel protein present on 
the astrocyte cells of the brain.  The blood test is known 
as NMO-IgG (NMO Immunoglobin G – sometimes 
referred to as “AQP4 antibody”).  Its detection 
strongly supports a diagnosis of NMO.

However, not all patients with NMO have a 
positive NMO-IgG test.  Someone may test 
negative for NMO-IgG, but still have NMO.  It is 
possible that NMO-IgG may not be detectable with the 
current tests available.  Newer tests are being developed 
that have a higher rate of detecting the NMO-IgG 
antibody.  Also, some patients may have undetectable 
antibody levels due to treatment they are receiving.  
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have had previous optic neuritis due to NMO may 
have a permanently pale optic disk, but the same may 
occur in patients with MS and other conditions that 
target the optic nerve, therefore this is not a specific 
finding for NMO.

     

 ■ Pupillary light reaction tests the eyes to see how 
pupils respond when exposed to bright light.  After 
shining a bright light in a healthy eye, the pupil of the 
eye affected by ON often incorrectly dilates.

 ■ Optical coherence tomography (OCT) is a 
non-invasive image technique to study the retina. 
OCT is a simple high-resolution scan used to 
measure the thickness of the retinal nerve fiber 
layer (RNFL). The RNFL is often decreased in NMO 
patients with optic neuritis.

spinal fluid may show considerably elevated white blood 
cells during attacks, which are greater than typically seen 
in other autoimmune diseases.  In differentiating these 
conditions CSF is tested for oligoclonal bands (proteins), 
which is commonly detected in patients with MS, and is 
usually, but not always, negative in patients with NMO.

Ophthalmological Tests

To help obtain a correct diagnosis, patients may be 
referred to an ophthalmologist or eye specialist.  The 
ophthalmologist may perform the following eye tests: 

 ■ A routine eye exam will check vision and the 
ability to perceive different colors and depth 
perception.

 ■ Ophthalmoscopy examines the structures at the 
back of the eye by shining a bright light into the area.  
This eye test evaluates the optic disk, which is the 
area where the optic nerve enters the retina in the 
eye.  The optic disk becomes temporarily swollen in 
about one-third of people with ON.  Patients who 

In NMO, the spinal fluid may  

show considerably elevated white 

blood cells during attacks.
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form.  Conditions commonly confused with NMO that 
can produce optic neuritis and myelitis include:

 ■ Multiple sclerosis (MS): an inflammatory 
condition of the central nervous system (CNS) 
affecting movement and balance.  Optic neuritis 
and myelitis are common in MS, although less 
severe than in NMO.  MS generally has a slower, 
longer course than NMO.  Thus far there is no 
blood test to diagnose MS, like there is to 
diagnose NMO.

 ■ Acute disseminated encephalomyelitis 
(ADEM): a short-term condition affecting the brain 
and spinal cord, which can also cause optic neuritis 
and myelitis.

 ■ Sjögren’s syndrome: an autoimmune condition 
affecting the saliva and tear glands.

 ■ Systemic lupus erythematosus (SLE): an 
autoimmune condition causing joint pain, fatigue, 
rashes, kidney disease and sometimes inflammation in 
the CNS.

 ■ Mixed connective tissue disease (MCTD): 
inflammation of the connective tissue.

 ■ Infection: inflammation caused by an infection of 
the central nervous system (CNS).

 ■ Sarcoidosis: a type of inflammation that may target 
multiple organs including the optic nerves, brain and 
spinal cord.  

1.7 diagnoses Other Than NMO

)  QUiCk REad

NMO can have signs and symptoms similar to:

• Multiple sclerosis (MS)

• Acute disseminated encephalomyelitis (ADEM)

• Sjögren’s syndrome

• Systemic lupus erythematosus (SLE)

• Mixed connective tissue disease (MCTD)

• Viral infection

• Sarcoidosis

With so many symptoms that are very similar to those 
of multiple sclerosis (MS), lack of NMO diagnosis can be 
a missed opportunity to treat the disease in its earliest 
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1.8 Recognizing a Relapse (attack)

Mimicking the initial attack, a patient can experience a 
recurrence of similar symptoms due to inflammation of 
the optic nerves and spinal cord as outlined in section 
1.4.  This effect is sometimes referred to as “ghost” 
or residual pain following an attack. It is important 
to determine whether such symptoms represent 
a new relapse, or the after-effects of a prior attack.  
Maintaining regular communication with your 
healthcare team, and seeing your physician or 
neurologist immediately if there are unresolved 
symptoms is best in this regard.

)  FaCTs aBOUT NMO aNd Ms

Until recently, NMO was thought to be a type of MS. 
However, recent discoveries indicate that NMO and 
MS are distinct diseases. 

With so many symptoms in common, NMO can 
sometimes be confused with MS or other diseases. 
But these diseases are treated in different ways and 
early detection and treatment help ensure best 
outcomes.

NMO symptoms  
may include:

• Severe, rapidly 
deteriorating attacks

• Episodes of nausea, 
vomiting or hiccups

• Usually normal MRI 
brain scan early in 
disease 

• Distinct long spinal 
cord lesions

• NMO-IgG presence 
in blood

MS symptoms  
may include:

• Initial attacks usually 
relatively milder

• MRI usually shows 
abnormalities with a 
classic pattern

✦  Some MS medications do not help 
NMO patients and may actually cause 
more severe attacks and complications
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) QUiCk REad

NMO occurs when a part of the immune system 
(which is supposed to keep a person free of 
infections and disease) dysfunctions, making antibody 
proteins that attack otherwise healthy parts of the 
nervous system causing neurological problems.   

Areas of the body:

• Nervous system

• Blood brain barrier (BBB)

• Astrocytes

• Immune system

Nervous system

The nervous system regulates all body activity including: 
memory, language, vision, mobility and sensation.  It 
includes the brain, spinal cord, optic nerves and a 
circuitry of nerve cells (called neurons) responsible for 
transmitting information to and from all parts of the 
body.  Other specialized cells known as astrocytes and 
glial cells physically support the neurons.
 
The nervous system is comprised of the central 
nervous system (CNS) and the peripheral 
nervous system (PNS).  The spinal cord, optic nerves 
and the brain make up the CNS.  They coordinate the 
activities between the various parts of the body.  The 
PNS is the portion of the nervous system outside 

1.9 areas of the Body Commonly 
affected by NMO
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to other neurons through cable-like fibers called axons 
using charged particles.  

Axons help process signals in the nervous system.  
For example, in the case of light stimulation, the eye 
interprets the signal via the retina, which contains special 
sensors that convert light energy to molecules.  Next, 
the molecules activate neurons in the optic nerve, which 
then transmits the information to the brain.  Similarly, 
in the case of pain stimulation, sensory information is 
carried from the nerve endings in skin to the spinal cord 
and brain.

Axons are coated by a fatty substance called the myelin 
sheath, which plays an important role in speeding and 
securing electrical transmission along axons.  This sheath 
allows impulses to transmit efficiently along the nerve 
cells (like a conduit in an electrical system), ensuring 
messages sent by axons are not lost en route to the 
spinal cord, muscles or internal organs.  If myelin is 
damaged, the ability of neurons to transmit 
signals slows down or stops altogether.  

Blood-Brain Barrier (BBB)

The Blood-Brain Barrier (BBB) is a complex of cells 
and specialized junction proteins that connect where 
the central nervous system (CNS) tissues meet the 
blood vessels (capillaries).  It creates a filter to the CNS, 
separating the circulating blood and its chemical and 
cellular components from the CNS.  The barrier prevents 

the brain and spinal cord.  The PNS carries incoming 
messages to the CNS from sensory organs (such as the 
eyes, skin, and ears), and carries messages from the CNS 
to muscles, sweat glands and blood vessels.

The spinal cord and optic nerves are the main 
sections of the nervous system affected by NMO.  
The spinal cord controls movement, receives sensations 
and regulates bodily excretions and secretions.  The optic 
nerve carries visual information from the eye to the brain.  

Nerve Conduction

Neurons are the basic information processing units in 
the CNS.  They receive, process and send information 
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astrocytes

Astrocytes are the most abundant cells in the CNS and 
play a key role in the function of the BBB.  They have 
several functions, including to serve as a framework 
guiding neurons to their proper locations during 
development, and support the BBB in maintaining a 
“privileged” environment unique to the CNS.  

Astrocytes make other significant contributions to 
neuron activity including coordinating electrical signals 
for proper brain function and providing nutrients to the 
nervous tissue.

some drugs, chemical compounds, radioactive ions, 
and disease-causing organisms contained in the blood 
from passing into the CNS.  The BBB helps protect 
the CNS from potentially harmful elements 
circulating in the blood.  Only special cells and 
substances that provide food and function to the brain 
are allowed through the barrier.  Some parts of the BBB 
are naturally more permeable (or easy to pass through), 
and it seems as if the NMO-IgG antibody has a 
particular tendency to attack the brain at these 
more vulnerable sites of the BBB.

Certain injuries, drugs and other diseases may lead to 
breakdown of the BBB.  When this happens, substances 
normally kept out of the brain are able to pass through 
the walls of the vessels into the brain.
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One of the most important functions of the immune 
system is to defend the body from external threats 
such as microbes, or internal threats such as cancer.   
The ability to tell the difference between healthy cells 
and tissues, and those representing infective or cancer 
threats is key.  The ways in which the immune system 
achieves this goal are complex.  Simply put, the immune 
system T and B cells (also called lymphocytes) are 
responsible for detecting self (normal) and non-self 
(abnormal) molecules or cells.  B cells are named for 
their maturation in the Bone marrow, while T cells 
mature in the Thymus.  When a foreign or abnormal 
cell is detected by these cells, immune reactions are 
triggered.  This step leads to activation of the specific 
type of  T and B cells that first recognized the 
abnormal signal, and reproduction of these 
cells. Over time, these T and B cell lineages lead 
a coordinated immune response to specifically 
remove the foreign or abnormal target, such as 
the invading microbe or cancer cell.

Astrocytes also support water transport in the CNS 
through the pores on their surface.  The pores produce 
pathways through which water flows in the cell – this 
is known as the aquaporin-4 (AQP4) water channel.  
In NMO, AQP4 is the target of NMO-IgG 
antibodies.  By attaching to the water channel on the 
astrocyte, the antibody activates inflammatory proteins, 
such as complement, and attracts inflammatory cells.  This 
leads to many secondary consequences by killing some 
astrocytes and disrupting the normal functions of others.  
These events may produce the symptoms of an 
NMO attack.

The immune system

NMO is believed to occur when 

the immune system attacks one’s 

own tissues as if they were foreign.

Antibodies
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1.10 How does NMO affect the body? 
Mechanisms of damage

)  QUiCk REad

In NMO, damage can affect the body if: 

• The immune system mistakenly produces harmful 
AQP4 antibodies. 

• The Blood Brain Barrier becomes disrupted.

• Complement proteins contribute to intense tissue 
destruction and attract other inflammatory cells.

• More complications arise in the body. 

inflammation

Inflammation is the first response of the immune system 
to injury or infection.  For example, a cut to the skin will 
almost always result in inflammation, as will an infection.  
Inflammation is a vital defense mechanism essential for 
survival.  Without inflammation, the body would not 
clear out harmful substances and allow normal tissue to 
rebuild.  In NMO, the harmful substances are the 
AQP4 antibodies mistakenly produced by the 
immune system.

If the blood-brain barrier (BBB) which normally protects 
the CNS is disrupted or “opened” (see section 1.9), 
and AQP4 antibodies cross in, they can attach to the 

Most of the time the immune system is amazingly 
accurate in detecting foreign or abnormal cell threats and 
signals.  However, in autoimmune diseases, this process 
goes wrong:  T, B or other immune system cells mistake 
normal cells or tissues as foreign or abnormal.

NMO is believed to occur when the immune 
system attacks one’s own tissues as if they 
were foreign.  Some parts of the immune system 
include the thymus and spleen, in which T cells and 
antibody-producing B cells protect the body from the 
development of infection and other diseases. Normally 
in this process, immune cells with abnormal function that 
mistakenly react to normal cells or tissues are deleted 
to prevent autoimmune diseases. However, this is not 
a fool-proof editing system, and certain auto-reactive 
(or autoimmune) cells may survive and contribute to 
autoimmune disease.

The ability of the immune system to recognize and 
ignore self tissues as being normal is called immune 
tolerance.  When this normal protection against 
autoimmunity breaks down, the immune system reacts to 
self cells or tissues, and mistakenly attacks the body.  This 
is known as an autoimmune disease, or a disease where 
the body mistakes itself for a foreign or abnormal threat.  

This misdirected immune response — autoimmune 
disease — can cause a broad range of illnesses.  In NMO, 
most patients have antibodies in their blood that target 
an ordinary protein of the CNS, AQP4.
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The combination of inflammation and demyelination can 
cause damage to nerve tissue but may be reversed with 
early treatment.  

symptoms of Mechanisms of damage

Optic Neuritis 

Optic neuritis (ON) is inflammation of the optic 
nerve, which carries visual information from the eye 
to the brain.  In NMO, ON may involve either one 
or both optic nerves.  Optic neuritis is the most 
common and often initial symptom in NMO.  It 
is characterized by eye pain, vision loss and optic nerve 
dysfunction.  Inflammation causes loss of vision usually 
because of swelling and destruction of the myelin coated 
neurons.  The visual loss may be subtle or profound.  

AQP4 protein on the astrocyte.  In turn, this can send 
molecular messages to other white blood cells to 
attack the astrocyte.  At the same time, another family 
of inflammatory proteins (called the complement 
system) is activated.  Complement is a collection of 
over 20 proteins that work together and normally 
help other immune system cells to clear infection, kill 
cancer cells, or promote wound healing.  In the case of 
NMO, complement proteins can contribute to intense 
tissue destruction and attract other inflammatory 
cells, including special types of white blood cells called 
granulocytes (such as neutrophils and eosinophils) 
and macrophages.

demyelination

When the AQP4 antibody interferes with the transfer 
of water in the brain, water accumulates in the myelin 
sheath (protective insulation surrounding nerves), causing 
nerve conduction to slow.  This breakdown of myelin is 
known as demyelination.  

In NMO, the harmful substances 

are the AQP4 antibodies mistakenly 

produced by the immune system.
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Transverse Myelitis 

Inflammation across an elongated segment of the spinal 
cord is known as transverse myelitis (TM).  The term 
“transverse” describes the position of inflammation.  
Transverse may mean “cross section,” however in 
neurological usage, transverse usually refers to 
abnormal imagery along an extended section of the 
spinal cord.  “Myelitis” refers to inflammation of the 
spinal cord.  In NMO,  TM extends over three or more 
spinal vertebrae (longitudinally extensive).  The part of 
the spinal cord where the damage occurs determines 
which parts of the body are affected.  

 ■ Nerves in the cervical (neck) area control signals 
to the neck, arms, hands and breathing muscles 
(diaphragm).

 ■ Nerves in the thoracic (upper back) area send 
signals to the torso and some parts of the arms.

 ■ Nerves at the lumbar (mid-back) level control 
signals to the hips and legs.

 ■ Sacral nerves, located within the lowest segment of 
the spinal cord, relay signals to the abdomen, groin, 
toes, and some parts of the legs.

Damage at one segment of the spinal cord will affect 
function at and below that segment. Pain in the lower 
back is a symptom of TM.  Demyelination usually occurs 
at the upper back thoracic level, causing problems with 
leg movement, bowel and bladder control, skin numbness, 
tingling or pain. 

Do you know?

NMO patients can join an email list or visit 

our Facebook and Twitter pages to receive 

information and get updates about NMO clinical 

trials.  See Sections 5 & 6 to find out more.
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