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Optic neuritis (ON) is caused by immune-mediated demyelination of the optic nerve. In ON 
the visual acuity of the patient usually decreases in one eye. Common additional symptoms 
include impaired colour vision, pain with eye movements, and pupillary dysfunction. 
While ON may present as a single episode, in about 20% of patients it is the first symptom 
of multiple sclerosis (MS). Approximately half of patients with MS are affected by ON at 
some stage of the disease. MS typically causes demyelination in the optic tract, cerebrum, 
brainstem, and spinal cord; MS symptoms are therefore extensive. With the revised 
diagnostic criteria of MS, the diagnosis of MS may sometimes be confirmed already after the 
first episode of ON. In addition to MS, another demyelinating disease associated with ON 
is neuromyelitis optica (NMO), also known as Devic disease. As the diagnostic criteria for 
this disease have recently evolved the most common term is neuromyelitis optica spectrum 
disorders (NMOSD). NMOSD is characterized by demyelinating changes in the spinal cord 
and an increased aquaporin-4 (AQP4) antibody index. There are currently no treatments 
that improve the prognosis of ON. However, high-dose corticosteroids may reduce the 
duration of symptoms and some medications may reduce the risk of MS development 
among patients with ON. The diagnosis of ON is demanding as the diagnosis is based on 
exclusion of other causes. Little is known about the factors that affect the natural course of 
ON. Severe visual impairment may result after multiple recurrences. 

We analysed the natural course of ON and its differential diagnosis, clinical findings, 
incidence, and connection to MS in Southern Finland during the period from 2008 to 2012. 
In addition, we studied the prevalence of NMO associated with ON in southern Finland 
and the development of NMO diagnostics. We also analysed genetic mutations by exome 
sequencing in NMO patients in Southern Finland.

We observed that the incidence of ON in Finland has increased. This may be due to 
improved diagnostic methods and because diagnostic delay is briefer as patients nowadays 
actively seek medical attention with even minor symptoms. The seasonal variation in the 
number of ON diagnoses was also confirmed. 

The challenges in diagnosing ON wereas notable, as over one third of patients with 
suspected ON at onset were later diagnosed with a disease other than ON.

Our study confirmed that ON occurs more frequently in women (F:M ratio 3:1) and most 
cases is related to MS. Both bilateral ON (1.6%) and NMO (1%) are rare in Finland. The 
natural course of ON showed good recovery; approximately 70% of patients achieved visual 
acuity >0.8 (average follow-up time of 38 days). When analysing the factors that affect 
prognosis for patient visual impairment, our data suggest that in addition to baseline visual 
acuity, optic disc swelling and lesions in the optic nerve on magnetic resonance imaging 
(MRI) are associated with poorer prognosis.



Nearly one-third (30%) of patients were already diagnosed with MS before diagnosis of 
ON. Among patients with their first ON, 82% were diagnosed with demyelinating changes 
in brain MRI. 

Demyelinating changes in brain MRI were a significant risk factor for MS; 54% of ON 
patients with early-stage demyelination in brain MRI developed MS (average follow-up 
time of 7 years). Only 5% of those without demyelinating changes in brain MRI developed 
MS. The practice of performing MRI before any medical treatment was also supported by 
our finding of six intracranial compressive lesions (2%) as mimickers of ON. 

We investigated the sensitivity and specificity of the AQP4 antibody assay in the diagnosis 
of NMO in our ON patient cohort. The number of patients with NMO was very low (n=2). 
The AQP4 antibody test sensitivity was only 1/2 and had a positive predictive value of 1/3.

The exome sequencing study of patients with NMO (n=5) was the first published study of 
this kind in this disease. No genetic variants common to all patients were found. Four of 
the mutations were shared by two patients with NMO (C3ORF20, PDZD2, C5ORF47, and 
ZNF606). Another PDZD2 variant was also found in a third patient. Additionally, two rare, 
probably functional variants in the non-coding region of DNA were found in two patients. 
The significance of these findings cannot yet be evaluated. However, as extensive research in 
this field is ongoing we assume that the role of these variants will be revealed in the future.
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Typical optic neuritis (ON) is regarded as the most common type of ON. It is related to 
multiple sclerosis (MS) in most cases. Atypical ON is a large concept, including several 
aetiological causes, where neuromyelitis optica spectrum disorders (NMOSD) are regarded 
as the most prevalent cause. Separation of these entities is essential for prognosis and 
treatment.

ON is an inflammation of the optic nerve, which is also known as cranial nerve II. ON 
causes visual impairment via multiple mechanisms. The most common symptoms are 
decreased visual acuity, pain during eye movements, visual field defects, impaired pupillary 
light reflex, and loss of colour vision.

Most patients are young adults with peak manifestation between the ages of 20 and 40. 
Women are more frequently affected (Beck et al. 1992, Jin et al. 1998, Wakakura et al. 1999, 
Zhang et al. 2007, Lim et al. 2008, Soelberg et al 2017). 

The incidence of ON varies around the world and is highest in populations located at higher 
latitudes such as Nordic countries and the USA, where the incidence of MS is high as well 
(Sumelahti et al. 2000, Langer-Gould et al. 2013, Sumelahti et al. 2014). 

Typical ON is closely related to MS and is the presenting symptom in about 20% of MS 
cases. ON occurs at some point of the disease in about half of MS patients (Foroozan et al. 
2002, Arnold et al. 2005, Frohman et al. 2005). Diagnostic procedures follow the diagnostic 
criteria in MS.

NMOSD, also called neuromyelitis optica or Devic disease, is characterized by ON and 
longitudinally extensive myelitis and often leads to severely impaired mobility and reduced 
visual acuity. With the evolving diagnostic criteria from 2015, area postrema syndrome 
(vomiting and hiccups), recurrent ON without myelitis, and recurrent myelitis without 
ON are also included in diagnostic criteria (Weinshenker et al. 2006, Wingeschuk et al. 
2015). The most widely used medications for NMOSD are the immunosuppressive drugs 
azathioprine, rituximab, mycophenolate mofetil, and intravenous immunoglobulins. The 
efficacy of these drugs in the treatment of NMOSD is low (Huh et al. 2014, Viswanathan et 
al. 2015, Damato et al. 2016, Bichuetti et al. 2018). 

Aquaporin-4 (AQP4) autoantibodies are considered an important adjunct for diagnosing 
NMOSD. AQP4 autoantibodies target the water channel AQP4 located in the foot processes 
of astrocytes (Jarius et al. 2007, Misu et al. 2007, Popescu et al. 2015). This autoantibody has 
shown high sensitivity and specificity in the diagnostics of NMOSD (Lennon et al. 2004).

Introduction
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While there are no proven effective therapies for ON, some medications (such as 
interferons) may reduce the risk of MS development among patients with typical ON 
(Comi et al. 2001, Galetta et al. 2001, Comi et al. 2009, Kappos et al. 2016). After a definite 
diagnosis of ON, treatment with high-dose intravenous corticosteroid is the most common 
treatment around the world but has only modest efficacy. Although high-dose intravenous 
corticosteroids may reduce the period of acute visual dysfunction, results from a large 
trial that included 457 patients revealed that the visual outcome after 6 months is similar 
regardless of corticosteroid treatment (Beck et al. 1992). Most patients have good recovery 
in a few weeks after onset but in some cases of ON visual acuity may be permanently 
reduced. 

Introduction
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In ICD-10, ON (H 46) is defined as an inflammation targeting the optic nerve and 
impairing its function. A typical diagnosis of ON is considered when the disease is related 
to demyelinating diseases.

Anatomically, ganglion cell axons form the optic nerve and oligodendrocytes produce the 
myelin around it. The optic nerve transmits signals from the retina to the visual cortex of 
the brain first via the optic chiasma, where they partly cross over (decussate) to the opposite 
side of the brain and continue to the optic tract, lateral geniculate nucleus of thalamus, and 
optic radiations (Figure 1). 

Figure 1. The visual pathway. Copyright: Mika Siuko

The diagnosis of typical and atypical ON is clinical and no universal diagnostic criteria 
are available. The most common criteria are a combination of acute or subacute loss of 
vision associated with relative afferent pupillary defect (RAPD), pain upon eye movements, 
and some degree of acquired colour vision deficiency. Visual field defects, changes in visual 
evoked potentials (VEP), and MRI findings support the diagnosis of ON (Beck et al 1992). 

Review of the literature
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Much of our current knowledge of the clinical features of ON comes from the Optic 
Neuritis Treatment Trial (ONTT) (Beck et al. 1992), conducted more than 25 years ago and 
cited about 800 times to date. The ONTT enrolled 457 patients who had acute unilateral 
ON. The two most common symptoms recorded in this trial were vision loss in one eye and 
ocular pain.

Visual loss usually develops during a short period. Loss of vision can be minor, but 
sometimes the visual acuity of the patient is very low with almost no light perception. 
While most ON episodes are unilateral, bilateral cases can be found as well, especially 
among children.

Ocular pain in ON typically worsens with eye movements. This was the second most 
common symptom recorded in the ONTT. Patients with ON sometimes also see flickering 
or flashing lights with eye movements.

Loss of colour vision is a common symptom of ON. Patients may notice that colours appear 
less vivid than normal (Figure 2). Loss of visual field is a typical symptom of ON as well, but 
patients often do not notice this change themselves.

Figure 2. Patient suffering from ON often describes sight as fuzzy or blurry (Picture from 
Hietalahti harbour, Helsinki, Finland). 

Review of the literature
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The first clinical description of visual signs related to demyelinating diseases is considered 
to be that of Augustus d’Esté (1794-1848), the great-grandson of George III and the nephew 
of Queen Victoria, who had the disease in the early 19th century. One very probable case 
was a young Dutch woman, Lidwina van Schiedam, whose illness started in 1296, at the 
age of 16, and lasted 37 years. She eventually was paralysed in both legs and in the right 
arm with facial palsy, bilateral loss of vision, sensory changes, and dysphagia. There is also 
a Viking saga about a woman whose symptoms might have been caused by MS or acute 
encephalomyelitis: “A woman called Halla got such a bad illness on Saturday infra octaves 
Beatae Virginis that she lost the sight of both eyes, and on the next day she lost her speech, 
then she made a vow in her mind, with the advice of those who stood by, to almighty God 
for cure and to the holy bishop Thorlakr for intercession, to walk to Skaholt and fast on 
bread and water before Thorlaks mass, and some prayers in addition. On the third day a 
candle-wick was put around her head, and she then recovered the sight of one eye, and 
was able to open both. On Sunday she recovered her speech and on the feast of St. Michael 
during the elevation of the host she recovered the sight of the eye that had previously been 
blind” (Poser et al 1994). The earliest references related to dysfunction of the optic nerve 
with vision loss are found in Arabic texts from the 9th century. The clinical profile of ON 
had been well established by the end of 19th century. The ophthalmoscope was invented 
in 1851, which allowed ophthalmologists sometimes to localize the visual loss to the optic 
nerve. 

The relationship of ON with MS has been noted for as long as ON has been recognized. Dr. 
Thomas Buzzard reported in 1893 five patients with a history of MS that had episodes of 
visual failure with recovery consistent with ON. In the beginning of the 20th century, some 
controversy still existed on the relationship of ON to MS. In 1930, Dr. James Adie asserted 
that MS accounted for all cases of ON. 

Sir Thomas Clifford Albutt (1836-1925) described in 1870 the syndrome now known as 
NMOSD. He observed that some patients with co-existent transverse myelitis and ON 
had a severe disease course. In 1894, Eugène Devic (1858-1930) and his graduate student, 
Fernand Gault, found 16 patients with severe unilateral or bilateral vision loss, who within 
a short period developed spastic weakness of the limbs, loss of sensation, and incontinence. 
At that time, this disease was described as a monophasic disorder of bilateral ON and 
TM. Currently NMOSD is recognized as a relapsing disorder with many manifestations 
(Wingerchuk et al. 2015).

Incidence of ON
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Epidemiological studies in demyelinating diseases date from the early 1900s for MS and 
as recently as the late 1990s for NMODS. Today the highest occurrences of MS are found 
in the Nordic countries, the British Isles, and the countries settled by their immigrants, 
namely, the USA, Canada, Australia, and New Zealand. These observations have prompted 
a hypothesis that the genetic background of the Vikings might lie behind the genetic 
susceptibility to ON in those areas and in other parts of the world (Poser 1995). Since ON 
is often linked with MS, the prevalence of ON also is high in these areas. In Finland the 
highest incidence of MS and ON is found in Western Finland, especially in the Southern 
Ostrobothnian region. The distinctive settlement history of that area and molecular 
genetic evidence suggest that a genetic founder effect plays an important role in the high 
MS risk in that area (Tienari et al. 2004).

There are only a few studies on the incidence of ON from around the world and the 
diagnostic methods are variable (Table 1). The incidence varies greatly from a very high 
incidence of ON in the Barcelona area in Spain (5.36 per 105) to very low in Singapore (0.83 
per 105).  

The incidence figures today are more reliable as modern diagnostic modalities (e.g. MRI, 
VEP, OCT) facilitate the differential diagnosis (Chan 2012, Berg et al. 2015). 

Table 1. Results of ON incidence studies around the world.

Review of the literature
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Visual acuity loss is the most common symptom of ON and can easily be verified by a 
vision test chart (Figure 3). Because of the common visual field defects related to ON, the 
visual acuity of the patients may vary considerably depending on whether they are looking 
straight forward or whether they are tilting their head. At the onset of ON visual loss may 
be quite minor, but visual acuity often decreases during the first 2 weeks of an acute episode 
of ON. 

Figure 3. Visual acuity is often measured by a Snellen chart (A). The Early Treatment Diabetic 
Retinopathy Study (ETDRS) chart, also known as a LogMAR chart (B), is often used in research 
settings to measure visual acuity. Measurements by the ETDRS chart are considered more 
precise but also more time consuming. 

A RAPD  often observed in the affected eye in patients with ON because the other eye 
usually is unaffected and healthy. To test the RAPD, a swinging light test in a dark room 
with the patient fixating on a distant target is performed (Figure 4). When light is shone 
in one eye of a normal subject, both pupils will constrict equally. The pupillary reaction 
in the illuminated eye is the direct response, and the reaction in the fellow eye is the 
consensual response. The afferent pupillary fibres hemidecussate in the chiasm, as do the 
pupillomotor fibres in the brainstem. This double hemidecussation enables equal pupillary 
innervation and equal pupil size. There is also some evidence that the constriction velocity 
and constriction ratio of the pupil may help in differential diagnosis of acute and chronic 
ON and in non-arteritic idiopathic optic neuropathy. Pupillary constriction velocity, 
constriction ratio, and latency are significantly decreased in the acute phase of ON and 
non-arterial ischemic optic neuropathy (NAION) compared to normal controls. ON 
showed delayed constriction latency compared to NAION. Decreased pupillary light reflex 
is observed in the chronic phase of ON but not in NAION (Yoo et al. 2017).

Clinical and paraclinical findings
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Figure 4. The swinging flash light test for relative afferent pupillary defect (RAPD) in a patient 
with ON in the left eye. If the pupil does not constrict or dilates when illuminated an ipsilateral 
RAPD is present, which suggests impaired function of the optic nerve, a typical finding in ON.

Funduscopy is normal in most cases of ON in adults (Beck et al. 1992). However, it 
is common that some swelling of the optic nerve head of the affected eye is observed 
(papillitis), especially among children (Morales et al. 2000, Yeh et al. 2016) (Figure 5). If 

Review of the literature
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there is no swelling of the optic nerve head, the condition is called retrobulbar neuritis. In 
these cases, the inflammation is located behind the eye. Since a patient with retrobulbar 
ON often has no clinical findings in the funduscopic examination the condition is often 
described as “neither the patient nor the doctor can see anything.”

Figure 5. A normal optic disc (A) and a swollen optic disc (B) of a 23-year old woman with ON 
in left eye (Images from Helsinki University Hospital imagenet database).

Abnormal colour vision can be determined qualitatively by the Ishihara test (Ishihara 
Instructions of The Series of Plates Designed as a Test for Color Deficiency Shinobu 
Ishihara M.D., Dr. Med. Sc. Professor Emeritus of the University of Tokyo) (Figure 5) 
or quantitatively by the Farnsworth-Munsell 100 hue test (Farnsworth 1943) (Figure 6). 
The most common patterns of colour vision loss in ON at the time of the acute episode is 
blue/yellow defects (tritanomaly) and reduced sensitivity of red (protanomaly) and green 
(deutranomaly) after a 6-month follow up. Red/green defects are also present most of the 
time already in the acute phase of ON. In clinical practice, a red/green defect is the most 
common finding since very few people test the blue/yellow defects. An Ishihara test only 
finds red-green defects and is therefore not as useful as the Farnsworth-Munsell 100 hue 
test in determining the colour vision changes of an ON patient. The likelihood of persistent 
dyschromatopsia after 6 months is related to the severity of initial visual acuity loss (Katz 
1995, Felgueiras et al. 2016). 

The Ishihara test consists of several colored plates, each of which contains a circle of dots 
appearing randomized in colour and size (Figure 5). There are dots that form a number or 
a shape visible to people with normal color vision but are invisible or very difficult to see 
for those with a red-green colour vision defect. Other plates are designed to show numbers 
only to those with a red/green colour vision deficiency and invisible to those with normal 
red/green color vision. The full test consists of 38 plates. A severe deficiency is usually 

Clinical and paraclinical findings
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apparent already after a few plates. There is also an Ishihara test consisting of a smaller 
number of plates (10, 14, or 24 plates). 

Figure 6. The Ishihara colour vision test for red-green colour deficiencies was published in 1917 
and is named after its designer, the Japanese ophthalmologist prof. Dr. Shinobu Ishihara at the 
Imperial University of Tokyo.

A common color arrangement test is the Farnsworth-Munsell 100 Hue Color Vision Test 
(Farnsworth 1943). This test is used to provide a detailed analysis of colour blindness, the 
ability to accurately perceive colours, or both. The Farnsworth-Munsell 100 Hue Color 
Vision Test consists of 85 coloured plates, which have to be arranged in the correct colour 
order (Figure 6).

Figure 7. Farnsworth-Munsell 100 hue color vision test was invented in 1943 by Dr. Dean 
Farnsworth in the USA. In this test, the patient is expected to arrange the colour plates in 
correct order. 

Review of the literature
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A visual field test of an acute ON patient by computerized perimetry often reveals a diffuse 
or central defect (Figure 8). During subsequent follow ups these visual field defects often 
disappear or became arcuate or paracentral defects. The high prevalence of visual field 
defects among patients with ON was revealed in the ONTT. At baseline, 100.0% of the 
visual fields from the affected eyes and 74.7% of the visual fields from the uneffected eyes 
were abnormal. After a 1-year follow up, approximately 50.0% of the affected eyes still had 
an abnormal visual field.

At baseline, 66.2% of the abnormalities in the affected eyes consisted of diffuse loss, which 
included total loss, central, centrocaecal, and widespread loss; 33.6% of abnormalities were 
localized loss. In contrast, the abnormalities found in the uneffected eyes rarely included 
total or central loss (Keltner et al. 2010). 

Figure 8. Octopus visual fields test of a 26-year old woman with ON in the right eye. A close to 
normal visual field in the left eye (left side of the picture) and severe diffuse visual field defects 
in the right eye (right side of the picture) were observed.

The VEP measures the time for a visual stimulus to travel from the eye to the occipital 
cortex in the brain. Any abnormality that affects the visual pathways or visual cortex of the 
brain can alter the VEP. ON patients therefore often have changes in the signal amplitude 
and latency in VEP tests (Figure 9). These changes can often be found even after the 
visual acuity of the affected eye has recovered (Halliday et al 1972, You et al. 2011). A new 

Clinical and paraclinical findings
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technique to measure VEPs is the multifocal VEP (mfVEP) that is designed to detect small 
abnormalities in optic nerve transmission and to provide topographic correlation along the 
visual pathway. Some studies have confirmed that visual field abnormalities correlate with 
the abnormalities detected by mfVEP (Pihl-Jensen et al. 2017). 

Figure 9.  VEP measurements of a 26-year old woman with ON in the right eye (same patient as 
in Figure 8). ON decreases the amplitude and increases the latency of the VEP signal where the 
P100 component (100 ms after light stimulus) is delayed, which often occurs in association with 
optic nerve disease (left side of the picture). 

Optical coherence tomography (OCT) is a non-invasive imaging technique to visualize and 
measure the thickness of the retina layers and the optic nerve head and therefore is useful 
in diagnosis and follow up of patients with ON (Figure 10). OCT confirms the presence of 
optic disc oedema in optic nerve head and quantifies the degree of axonal loss that follows 
the episode. OCT can detect subclinical changes in eyes with normal visual fields and 
normal visual acuity. RNFL thickness correlates with visual and neurological functioning 
and with disease duration. In addition to thinning of the RNFL, OCT studies have shown 
ganglion cell loss among ON patients (Britze et al. 2017, Soelberg et al 2018). Many 
studies have also documented that RNFL loss also occurs in the asymptomatic eye of an 
ON patient. Previous studies have revealed RNFL thinning in patients with MS who have 
not yet had an ON episode (Oberwahrenbrock et al. 2012, Huang-Link et al. 2015). OCT 
is also considered sensitive and specific in the differential diagnosis of optic nerve head 
drusen and optic disc oedema (Lee et al. 2011, Flores-Rodriquez et al. 2012, Rebolleda et 
al. 2017). In addition to ON diagnosis, OCT is used mostly to diagnose age-related macular 
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degeneration (AMD) (Hee et al. 1996, Adhi et al. 2013). OCT use in the diagnosis and 
follow up of glaucoma is also increasing (Hoh et al. 2000, Jia et al. 2014).

Figure 10. OCT of optic nerves of a 27-year old woman. At the time of OCT she had symptoms 
related to her first ON for 5 days. RNFL analysis demonstrates some borderline (yellow color) 
abnormalities in the temporal quadrant of the right eye. All quadrants of the left eye were 
normal (green color).

Laboratory tests are performed to facilitate exclusion of other diseases that mimic ON. 
In addition to a complete blood count, common laboratory tests to discover possible 
inflammatory processes are C-reactive protein (CRP) and erythrocyte sedimentation rate 
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(ESR). For the differential diagnosis of sarcoidosis and vasculitis, antinuclear antibodies, 
angiotensin-converting enzyme, and anti-neutrophil cytoplasmic antibodies are measured. 
To exclude an infectious origin of ON, for example neuroretinitis, antibodies for syphilis, 
cat-scratch fever, and Borrelia burgdorferi should be measured as well. Leber hereditary 
optic neuropathy (LHON) may also mimic ON and can be diagnosed with genetic testing 
of mitochondrial DNA. When NMOSD (see chapter 4.4) is suspected, the level of AQP4 is 
measured as well. Cerebrospinal fluid analysis is seldom used in the evaluation of patients 
presenting with a typical acute ON, but may yield important additional information in the 
diagnostics of atypical cases. Typically, the only CSF abnormality in patients with ON are 
oligoclonal bands (OCB), which are associated with an increased risk of developing MS 
(Rolak et al. 1996). 

MRI of the brain and the orbits is a common procedure to diagnose ON and exclude other 
diseases that might cause symptoms that mimick ON (Miller at al. 1988) (Figure 11). ON is 
often identified as a unilateral optic nerve swelling with a hyperintense MRI T2-sequence 
with contrast enhancement. Brain MRI may also show demyelinating changes that often 
are related to ON (Lee et al. 2009). In the future, multiple novel approaches, like orbit-
specific MRI coils, quantitative sequences, and rapid acquisition techniques, may improve 
our ability to study optic nerve pathologies and characterize the optic nerves (Hoch et al. 
2017). When NMOSD is suspected, MRI of the spinal cord is performed. The demyelinating 
lesions of a patient with NMO typically extend over three or more segments of the spinal 
cord and may reach the medulla oblongata and brainstem (Figure 12).

Figure 11. MRI T2-sequence of the brain and the orbits of an MS patient with left-sided 
ON. The retrobulbar segment of the optic nerve on the left side appears swollen and gives a 
hyperintensive signal (Image from Helsinki University Hospital MRI-image database).
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Figure 12. A. Spinal cord MRI of an MS patient. Demyelination demonstrates a much shorter 
and more dorsally located lesion in the spinal cord compared to an NMO patient.
B. Spinal cord MRI of an NMO patient. The demyelinating lesions extend over three segments 
of the spinal cord (Images from Helsinki University Hospital MRI-image database).

During the early 19th century, the treatment of ON revolved around placement of solutions 
in the eye (“collyria”). Various compounds, including spittle, were rubbed in the eye. At 
the beginning of the 20th century, patients were often treated with sinus surgery or optic 
canal decompression. The latter was recommended for the treatment of retrobulbar ON as 
recently as in 1952. Soon after the introduction of corticosteroids in the 1950s, they became 
the primary treatment of ON and are still the only treatment of scientifically demonstrated 
value.

According to the ONTT (Beck et al. 1992), oral prednisone was ineffective and promoted 
ON recurrence. This trial confirmed that intravenous corticosteroids (methylprednisolone 1 
g/day) for 3 days followed by prednisone (1 mg/kg body weight/day) for 11 days accelerated 
visual recovery. Patients treated with this regimen recovered their vision approximately 2 
weeks sooner than in those receiving a placebo, but this treatment provided no clear long-
term visual benefit. Optic nerve atrophy has been shown to develop following ON and 
corticosteroids do not have preventive value (Hickman et al. 2003). More recently, these 
conclusions were confirmed in the Cochrane Database of Systemic Reviews (Gal et al. 
2015). The treatment protocol may change in the future due to recent studies, which have 
shown no clinical disadvantage of using bioequivalent high-dose corticosteroids orally as 
compared to intravenously (Morrow et al. 2018, Naumovska et al. 2018).

Clinical and paraclinical findings
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Disease-modifying therapies (DMT) may slow the progression of clinically isolated 
syndrome (CIS) to definite MS in ON. There are a few significant studies that have reported 
a risk reduction (10-40%) of this conversion from CIS (30% with ON) to clinically definite 
MS during a follow up of 3 to 10 years (Comi et al. 2001, Galetta et al. 2001, Comi et al. 
2009, Kappos et al. 2016).

A recovery of visual acuity to normal or close to normal with time is characteristic of ON. 
Vision begins to improve after a few weeks and most people regain close to normal vision 
within a year after an acute ON episode. Although visual acuity in most patients becomes 
normal, these patients often report a difference how they see with the affected eye compared 
with the unaffected eye. This can sometimes be confirmed by testing contrast sensitivity 
and colour vision, both of which may be impaired. OCT may also show changes in RNFL 
long after an episode of ON, thus explaining the symptoms of the patient (Fisher et al. 2006, 
Kallenbach & Frederiksen 2007, Longbrake et al. 2016, Levin et al. 2019).

MS is a chronic autoimmune, inflammatory neurological disease of the central nervous 
system (CNS). MS attacks the myelinated axons in the CNS. The course of MS is highly 
variable and unpredictable. The disease is often characterized initially by episodes of 
reversible neurological deficits (such as ON), which in the course of years are often followed 
by progressive neurological deficits. The disease is diagnosed based on clinical findings and 
supporting evidence from ancillary testing, such as MRI of the brain and analysis of the 
CSF (IgG index and OCB especially) (Thompson et al. 2018).

The majority of patients with MS show a relapsing-remitting disease (RRMS) course (85%) 
and a minority show a primary progressive course (10-15%). 

Approximately 15 years from diagnosis, 50% of RRMS patients show a conversion to 
secondary progression, where inflammatory activity ceases and neurodegeneration takes 
place. The time to second relapse and the pace of progression of MS are more rapid in 
women compared to men suffering from RRMS (Achiron & Gurevich 2009).

Immunomodulatory and suppressive treatment in MS targets inflammation and today 
treatment is initiated soon after the diagnosis of active MS. An interesting uncommon side 
effect of the modern MS drug fingolimod is macular edema, which is diagnosed with OCT. 
(Table 2)
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Relationship to other demyelinating disorders: MS and NMO

Table 2. Medications for MS

The latest diagnostic criteria of MS are from 2017. The criteria have evolved somewhat since 
the previous criteria from 2010 (Polman et al. 2011, Thompson et al. 2018). MS can now be 
diagnosed after a first clinical attack if paraclinical findings are present. Therefore, in case 
of an ON, diagnosis of MS may be confirmed already after the first demyelinating episode.
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Typical ON is frequently but not always associated with MS (Link & Stendahl-Brodin 
1983). ON is the first sign of MS in about 20% of people who have MS. The lifetime risk of 
developing MS after an episode of ON was about 50% before the 2017 McDonald criteria, 
which allow a rapid diagnosis of MS after the first demyelinating ON episode (ONTT 2008). 

In the final follow up of the ONTT from baseline through 15 years, the data showed that 
the overall risk of MS diagnosis after ON was 30% at 5 years, close to 40% at 10 years, and 
50% after 15 years (Optic Neuritis Study Group 2010). The rates were higher for a high-risk 
group composed of patients who had one or more 3-mm white-matter plaques on MRI 
at ON onset. Patients with demyelinating lesions on MRI had a 72% risk of developing 
clinically definite MS within 15 years after a single episode of ON. On the other hand, the 
patients who had no MRI lesions at the time of ON had an MS risk of only 25% after 15 
years follow up (Table 3A) (Optic Neuritis Study Group 2008). Gender differences were 
large.

A much less known study of ON in Sweden in 1969 to 1981 revealed a 40% MS risk after 
a follow up of 30 years (Nilsson et al. 2005). Most cases (60%) of MS occurred within 3 
years after the onset of ON. About a decade ago, a study from the United Kingdom also 
confirmed the high risk of MS in patients with CIS suffering from one or more MRI lesions 
at onset. Of the 140 CIS patients (49% suffering from ON), in those with MRI lesions 82% 
developed MS in during the follow-up of 20 years, in contrast to only 19% of those without 
MRI lesions at onset (Table 3B) (Fisniku et al. 2008). 

Table 3.

A. Risk of MS after first ON. Data from the Optic Neuritis Treatment Trial follow-up studies 
at 5, 10, and 15 years. (Optic Neuritis Study Group 1997, Beck et al. 2004, Optic Neuritis Study 
Group 2010) 

B. Risk of MS after first CIS. Follow up times of 1, 5, and 20 years (Fisniku et al. 2008).
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NMOSD, previously known as NMO or Devic disease, is an inflammatory disorder of the 
CNS. As the diagnostic criteria of NMO have evolved in recent years and considerable 
variability has been observed in the symptoms and findings of NMO patients, the preferred 
term for this disease is currently NMOSD. However, the abbreviation NMO is widely used 
as well.

There are only a few previous studies reporting the prevalence of NMO around the world. 
In these studies, prevalence of NMO varies greatly, from 0.52 per 100,000 in Cuba (Gabrera-
Gomez et al. 2009) to 3.9 per 100,000 in Olmstedt County (Minnesota, USA) (Flanagan et 
al. 2016).

NMOSD is characterized by severe, immune-mediated demyelination and axonal damage, 
which predominantly targets the optic nerves and the spinal cord. Hallmark features of 
NMOSD are acute attacks of severe ON, longitudinally extensive myelitis that often causes 
limb weakness, sensory loss, and bladder dysfunction with relapsing course. Attacks often 
occur over days, with variable degrees of recovery during the following weeks and months 
(Wingerchuk et al. 2006, Wingerchuk et al. 2015). 

Approximately one-half of NMOSD patients present with isolated ON, of which about 20% 
is bilateral. Severe visual loss is a hallmark of ON in NMO. Eighty percent of NMO eyes 
experience severe loss of visual acuity (VA <0.1) during an acute attack, compared with 36% 
in MS. Most NMO patients develop unilateral or bilateral functional blindness (VA ≤0.1) at 
a median of 7.7 years after disease onset (Wingerchuk et al. 1999). The median time from 
onset of ON to ipsilateral blindness is 2 years and 3 years for contralateral ON. The visual 
loss in paediatric NMO patients is often more rapid than in adult patients (Collongues et al 
2010). 

ON of an NMO patient may be distinguished from ON of an MS patient by imaging and 
functional measures. MRI of an NMO patient is often normal, but may show changes 
typical of an acute ON. The lesions are often more extensive and likely involve the optic 
chiasm or adjacent hypothalamus. NMOSD also generally causes more severe visual field 
defects than ON in an MS patient. Because of its potential to involve the optic chiasm and 
tracts it may manifest with bitemporal or homonymous hemianopic visual field defects 
(Khanna et al 2012, Storoni et al 2013, Kim et al 2015).

The discovery of a disease-specific serum NMO-IgG antibody that selectively binds AQP4 
has led to increased understanding of this disorder (Lennon et al. 2004, Weinshenker et 
al. 2006, Paul et al 2007, Waters et al. 2012, Waters et al. 2016). Nevertheless, the cause of 
NMOSD is still unknown. Similar to MS, an autoimmune inflammatory cascade leads to 
demyelination and axonal injury through diverse pathways. It has become clear that NMO 
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and MS are two distinct diseases as many DMTs used in the treatment of MS are either 
ineffective or even harmful in NMOSD patients (Shimitzu et. al 2008, Lee at al. 2014, Yoshii 
et al. 2017, Popiel et. al 2018).

CNS involvement outside the optic nerves and spinal cord are observed in patients with 
NMOSD. Other common symptoms include episodes of nausea, vomiting, hiccups, 
daytime somnolence or narcolepsy, reversible posterior leukoencephalopathy syndrome, 
neuroendocrine disorders, and seizures (especially in children) (Wingerchuk et al. 1999, 
Ghezzi et al. 2004). No clinical features are known that are disease-specific, but some are 
highly characteristic.

Acute attacks and relapses of NMOSD are treated with intravenous glucocorticoids and 
sometimes with plasma exchange for refractory or progressive symptoms. Treatment with 
systemic immunosuppression is the mainstay for prevention of recurrent attacks. Most acute 
attacks or relapses worsen over days and recover in several weeks to months. Predictors of 
poor prognosis include the severity of the first attack, the number of relapses within the 
first 2 years, and older age at disease onset. No controlled trials have evaluated therapies in 
NMOSD. These therapies are supported by data from observational studies and by clinical 
experience (Kessler et al. 2016). The most widely used medications for NMOSD have 
been azathioprine, rituximab, mycophenolate mofetil, and intravenous immunoglobulins 
(Sellner et al. 2010, Huh et al. 2014, Viswanathan et al. 2015, Damato et al. 2016, Bichuetti 
et al. 2018). Promising new therapies are emerging in the form of anti-IL-6 receptor, anti-
complement, or anti-AQP4-Ab biologicals (Trebst et al. 2014). 
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The diagnostic criteria of NMO from 2006 were updated in 2015 after data on the 
development of NMO had been gathered. The more common term for this condition is 
therefore NMOSD (Wingerchuk 2006, Wingerschuk 2015)
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Recently, next-generation cell-based assays have demonstrated a robust association 
of autoantibodies to full-length human myelin oligodendrocyte glycoprotein (MOG-
ab) with recurrent ON, myelitis and brainstem encephalitis, and acute disseminated 
encephalomyelitis-like presentations. Most experts now consider myelin oligodendrocyte 
glycoprotein-associated encephalomyelitis (MOG-EM) a disease entity in its own, 
immunopathogenically distinct from both classic MS and NMOSD (Jarius et al 2018, 
Weber et al 2018). The causes for MOG-ab appearance in serum are still unknown, but 
a connection to infectious mononucleosis has been proposed (Kakalacheva et al 2016). 
Patients who meet all of the following criteria are diagnosed with MOG-EM (Jarius et al 
2018):
1.  Monophasic or relapsing acute ON, myelitis, brainstem encephalitis, or encephalitis, or 

any combination of these syndromes.

2.  MRI or electrophysiological (VEPs in patients with isolated ON) findings compatible 
with CNS demyelination.

3.  Seropositivity for MOG-ab as detected by means of a cell-based assay employing full-
length human MOG as target antigen.

The treatment of acute attacks of MOG-EM patients with high-dose cortisone is the same 
as with MS or NMOSD patients. Long-term immunosuppressive treatment with rituximab 
and azathioprine has emerged as the most effective therapeutic regimen to reduce disease 
activity in MOG-EM (Borisov et al 2018). 

The prognosis of a MOG-EM patient is typically good. There is evidence that it is clearly 
less disabling than NMOSD in terms of visual function and ambulation (Jurynczyk et al 
2017). 

The pathological mechanisms of ON, MS, and NMO are still unknown. Irreversible changes 
induced during immune or inflammatory attack on myelin during relapses are believed to 
drive the pathogenesis of MS (Baecher-Allan et al. 2018). Both innate and adaptive immune 
responses play important roles in the clinical course of MS (Hemmer et al. 2015).  

Identification of the target antigens of pathogenic autoantibodies and T lymphocytes 
is of fundamental importance for understanding the pathogenesis of MS and for the 
development of personalized treatments for this disease. Forward-translational studies of 
CD4+ T lymphocytes and reverse-translational studies of CD8+ T and B lymphocytes have 
led to the identification of many candidate target antigens in patients with MS (Hohlfeld 
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et al. 2016, Hohlfeld et al. 2016). A unifying antigen, however, has not emerged, which is 
consistent with the prevailing view that MS is an immunologically heterogeneous disorder 
(Disanto et al. 2010).

The role of autoantibodies in ON is unknown as well. There is increasing evidence 
that MOG-ab are associated with the relapsing form of ON (Ramanathan et al. 2014, 
Chalmoukou et al. 2015, Nakajima et al. 2015, Tsuburaya et al. 2015) and with the prognosis 
of the visual acuity (Kezuka et al. 2012). These findings are related to a completely new 
entity, which is called MOG-EM (see chapter 4.6). Seropositivity of AQP4 antibodies has 
been linked to visual outcomes of ON patients (Kezuka et al. 2012, Martinez-Hernadez et 
al. 2015). In one study, glycine receptor antibodies (Hutchinson et al. 2008) were evaluated 
in ON patients but no obvious association was found (Martinez-Hernadez et al. 2015).

The main environmental risk factors of MS are vitamin D deficiency in childhood, 
Epstein-Barr virus (EBV) infection, smoking, overweight in adolescence, exposure to 
organic solvents, shift work, and birth in springtime (Compston & Coles 2008, Pohl 2009, 
Handel et al. 2010, Handel et al. 2011, Chan 2012 Degelman et al. 2017, Olsson et al. 2017, 
McLaughlin et al. 2018, Mowry at al. 2018). 

Vitamin D is associated with the development of immunological tolerance (Dankers et al. 
2017). Vitamin D deficiency is an epidemiologically well-documented risk factor of MS that 
appears to be functionally associated with its genetic risk factors. The vitamin D receptor is 
described to bind more strongly in the promoter region of the HLA-DR15 allele than other 
alleles and vitamin D particularly increases HLA-DR15 promoter activity (Ramagopalan et 
al. 2009).

Vitamin D deficiency is also associated with MS through hereditary rickets (OMIM 
#277440). This rare congenital disease is associated with errors in the vitamin D-activating 
enzyme (CYP27B1) and is associated with subsequent risk of MS (Torkildsen et al 2008, 
Ramagopalan et al. 2011). As paediatric patients with this disease generally receive vitamin 
D replacement therapy since school age, it has therefore been speculated that the time 
window for MS risk is high during the early years of life (Lee at al. 2013). A correlation 
with month of birth in MS risk has been observed in several populations; in the northern 
hemisphere the risk increases in April and May and decreases in October and November 
(Templer et al. 1992, Willer et. al 2005, Bayes et al. 2010, Saastamoinen et al. 2012, Watad et 
al. 2017). This is also believed to be related to vitamin D because the umbilical cord blood 
among newborns in May has been shown to have more T lymphocytes that have undergone 
“quality control” in the thymus (“thymic emigrants”) compared to newborns in November 
and the measurements correlate with serum vitamin D concentrations (Disanto et al. 
2013). Quality control of T lymphocytes occurs in the thymus and eliminates more than 
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95% of these cells. In particular, T lymphocytes that too strongly recognize self proteins are 
eliminated. This HLA-mediated detection is most likely sensitized in patients with MS and 
this process may begin already before birth.

Infectious mononucleosis caused by EBV is associated with clonal proliferation of CD8+ 
T lymphocytes (Callan et al 1996) and transformation of B lymphocytes into lymphoblasts 
that contain EBV (Chan et al. 1986). An enrichment of CD8+ T lymphocytes with 
receptor sequences known to recognize EBV (“public  -specific sequences”) have been 
discovered in the cerebrospinal fluid of patients with MS (Lossius et al. 2014). EBV is a 
herpes virus that infects about 95% of people either asymptomatically in childhood or later 
as mononucleosis. In particular, EBV infects B cells via the CD21 receptor and remains 
permanently in a small population of B cells after the virus blocks programmed cell death 
(apoptosis) by several mechanisms (Price et al. 2014). EBV thereafter remains latent most 
of the time. However, CD4+ and CD8+ T lymphocyte responses keep viral activation under 
control. EBV is associated with many lymphoid and epithelial cancers and it was found 
originally in Burkitt’s lymphoma cells (Epstein et al. 1964, Molyneux et al. 2012).

The relationship between EBV and MS is so close that it is difficult to find patients with MS 
who are seronegative for EBV. In a meta-analysis during the MRI era, only two seronegative 
patients were found among 1054 patients with MS, whereas 71 seronegative patients were 
found in a control group of 1703 patients (Ascherio & Munger 2007). EBV seropositivity 
is already a risk factor for MS, but the risk is significantly higher when the initial infection 
occured after puberty and caused mononucleosis (Ascherio et al. 2015). It has been 
suggested that EBV may reside in the central nervous system of MS patients, possibly in B 
lymphocytes, although this has not been proven (Serafini et al. 2007, Lassmann et al. 2011). 
Alternatively, autoantigens similar to EBV antigens could act as a stimulator for CD8+ T 
lymphocytes (Rist et al. 2015).

The cause of NMOSD is unknown. An autoimmune inflammatory cascade leads to 
demyelination and axonal injury through diverse pathways (Jakob et al. 2013, Manogaran 
et al. 2016). In NMOSD, demyelination and inflammation involve multiple spinal cord 
segments and the optic nerves with axonal loss, perivascular lymphocytic infiltration, and 
vascular proliferation. Necrosis and cavitation typically involve both gray and white matter. 
Neuroaxonal injury is considered to occur as a secondary consequence of astrocyte damage 
by AQP4 antibodies and accumulation of damaged mitochondria and transient receptor 
potential melastatin 4 cation channels in axons (Hokari et al 2016, Kawachi & Lassman 
2017). The neuropathologic features of NMOSD at autopsy are those of a much more severe 
necrotic lesion of the spinal cord rather than incomplete demyelination (Mandler et al. 
1993). Whereas MS is believed to be mostly a cell-mediated disorder, the pathophysiology 
of NMOSD is thought to be mediated relatively more by the humoral immune system 
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(Graber et al. 2008, Bukhari et al. 2012). Several lines of evidence support an autoimmune 
pathogenesis for NMOSD. The most important evidence was the identification of a 
NMOSD disease-specific autoantibody, the NMO-IgG autoantibody, also referred to as the 
AQP4 antibody (Lennon et al. 2004, Weinshenker et al. 2006). 

The difference in the pathogenesis of NMOSD and MS is evident in the unexpected poor 
therapeutic responses of MS medications in patients with NMOSD (Kimbrough et al 
2012, Vodopivec et al. 2015, Kleiter et al. 2016). Common MS drugs, such as natalizumab 
and fingolimod, have caused fulminant exacerbations of symptoms and MRI findings of 
NMOSD and termination of these drugs has improved the condition of patients (Min et al. 
2012, Yoshii et al. 2016, Yoshii et al. 2017). 

A specific biomarker of the disease, NMO-IgG, also known as AQP4 antibody, targets the 
water channel AQP4 located in the foot processes of astrocytes (Jarius et al. 2007, Misu 
et al. 2007, Popescu et al. 2015). In previous studies, AQP4 antibodies were considered a 
highly specific test for NMO (85–100%) albeit with lesser sensitivity (32–76%) (Lennon 
et al. 2004, Waters et al. 2008, Waters & Vincent 2008). Different assay methods for AQP4 
autoantibody testing differ in their sensitivity and specificity (Takahashi et al. 2007, Waters 
& Vincent 2008). 

Aquaporins constitute a family of water channels that regulate the transport of water in 
many organs, including the nervous system (brain and spinal cord), kidney, gastrointestinal 
tract, secretory glands, inner ear, and muscles (Verkman 2012, Yool &Campbell 2012, 
Verkman 2013). AQP4 is a homotetrameric protein that is anchored by the dystroglycan 
protein complex in the plasma membrane of astrocytes and is highly concentrated in 
their foot processes abutting microvessels, pia, subpia, and subependymal zones (Amiry-
Moghaddam et al. 2003). It is also highly expressed in the basolateral ependymal cells 
and the hypothalamus. AQP4 is involved in the development, function, and integrity of 
the interface between the brain and blood circulation and between the brain and CSF. 
AQP4 plays a critical role in the regulation of cell volume and potassium homeostasis. It 
is involved in development of brain oedema after trauma, water intoxication, ischaemia, 
infection, and tumours. Serum AQP4 autoantibody titers at the nadir of clinical attacks 
have been shown to correlate with the length of longitudinally extensive spinal cord MRI 
lesions (Misu et al. 2009). In addition, serum anti-AQP4 titers in several studies correlate 
with clinical disease activity; titers drop after immunosuppressive treatment and remain 
low during remission (Takahashi et al. 2007, Kim et al. 2011, Pellkofer 2011, Isobe 2012, 
Chanson et al. 2013, Waters et al. 2014). A meta-analysis of 624 AQP4-Ab-positive and 119 
AQP4-Ab-negative NMO patients revealed associations between AQP4-Ab seropositivity 
and visual impairment (Lin et al. 2017). The seropositivity in previous studies for AQP4 
antibodies was variable: 11 of 14 in South East Wales, coincidentally the same number in 
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Northern Japan, and 7 of 9 NMO patients in the Merseyside county of United Kingdom 
were seropositive (Cossburn et al. 2012, Jacob et al. 2013, Houzen et al. 2017). In Iran, 16 of 
33 NMO patients were seropositive (Etemadifar et al. 2012).

DNA was discovered by the Swiss physician Friedrich Miescher (1844-1895) in 1869 but 
remained neglected for many decades because proteins, rather than DNA, were thought to 
hold the genetic blueprint of life. Important new knowledge emerged when Oswald Avery, 
Colin MacLeod, and Maclyn McCarty demonstrated that purified DNA could change one 
strain of bacteria into another (Avery et al. 1944). This was the first time that DNA, not 
proteins as previously widely believed, was proposed as the carrier of genetic information.

In the 1950s the foundation for sequencing proteins was laid by the work of Frederick 
Sanger, who during his life twice won the Nobel Prize in Chemistry (Sanger 1952). By 
1955 he completed the sequence of all amino acids in insulin, a small protein secreted 
by the islets of Langerhans in the pancreas (Sanger et al. 1955). This provided conclusive 
evidence that proteins were chemical entities with a specific molecular structure rather 
than a random mixture of material in a solution. Sanger developed rapid DNA sequencing 
methods and published a method for “DNA sequencing with chain-terminating inhibitors” 
(Sanger et al. 1977). At Harvard University Walter Gilbert and Allan Maxam also developed 
DNA sequencing methods, including one for “DNA sequencing by chemical degradation”. 
They reported in 1973 the sequence of 24 basepairs using a method known as wandering-
spot analysis (Gilbert and Maxam 1973). Advancements in sequencing were aided by the 
concurrent development of recombinant DNA technology, which allowed DNA samples 
to be isolated from sources other than viruses. Several new methods for DNA sequencing 
were developed in the 1990s and were implemented in commercial DNA sequencers by 
2000. These became known as the “next-generation” or “second-generation” sequencing 
methods (Metzker 2010, Glenn 2011, Treangen et al. 2011). “Third-generation” sequencing 
methods, which are also called long-read sequencing, are currently under development 
(Schadt et al. 2010).

Prior to the introduction of genome-wide association studies (GWAS) around 2000, the 
most common method of investigation was through inheritance studies of genetic linkage 
in families (Morton 1955). This approach has proved useful for monogenic disorders. 
For common, complex diseases, the results of genetic linkage studies are challenging to 
replicate. The alternative to linkage studies are genetic association studies.  Association 
studies in modestly sized case-control cohorts were performed targeting a few candidate 
genes. This study type determines if the allele of a genetic variant is found more often than 
expected in individuals with the phenotype. HLA-DR15 in MS and APOE4 in Alzheimer’s 
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disease were initially discovered by case-cohort candidate gene association studies (Jersild 
et al 1972, Jersild et al. 1979, de Moerloose et al. 1979, Strittmatter et al. 1993).

In addition to this conceptual framework, a few additional factors enabled GWAS. One 
was the founding of biobanks that preserve human genetic material. Another was the 
International HapMap Project that from 2003 onwards identified most of the common 
single-nucleotide polymorphisms interrogated in a GWAS. The haploblock structure was 
initially described for chromosome 21 (Patil et al. 2001) and was subsequently utilized by 
the HapMap project (International HapMap Consortium 2003), which also allowed focus 
on the subset of SNPs that would describe most of the variation. The first GWAS was 
conducted in 2005. This study compared 96 patients suffering from AMD with 50 healthy 
controls. Two SNPs with significantly altered allele frequency between the AMD patients 
and controls were revealed. These SNPs are located in the gene encoding complement factor 
H (Klein et al. 2005, Thomas et al. 2005). Since then, a large number of GWAS have been 
performed in all medical specialties, yielding a remarkable range of discoveries (Visscher et 
al. 2017).

Although MS is not considered a hereditary disease a number of genetic variations have 
been shown to increase its risk (Ebers et al 1996, IMSGC 2011, Hedström et al 2016, 
Baranzini & Oksenberg 2017). Some of these risk genes have high levels of expression in 
microglial cells. The probability of developing MS is higher in relatives of a person with 
MS and there is a greater risk among those who are more closely related.  Of  identical 
twins, both are affected about 30% of the time whereas only around 5% for non-identical 
twins and 2.5% of siblings are affected. If both parents suffer from MS, the risk of MS in 
the offspring is 10 times greater than that of the general population (Williams et al. 1980, 
Kuusisto et al. 2008). The incidence of MS varies widely among different ethnic groups. 
The lowest incidences are documented among Asians and Africans and highest among 
Caucasians (Lowis 1988, Rosati 2001, Langer-Gould et al. 2013, Langer-Gould et al. 2014).

The first genetic factor identified to be related to MS was the human leukocyte antigen 
(HLA) locus in the 1970s (Kissmeyer-Nielsen &Thorsby 1969, Thorsby & Kissmeyer-
Nielsen 1969). This locus is located on the short arm of chromosome 6, in a region called 
the major histocompatibility complex (Patsopoulos et al. 2013). The genes of this region 
encode highly polymorphic cell-surface glycoproteins that are key components of antigen 
presentation. HLA class I proteins HLA-A, HLA-B, and HLA-C have multiple alleles in 
humans and present antigens to the CD8+ T lymphocytes and in some natural killer cells 
(Natarajan et al. 2018). HLA class II proteins HLA-DR, HLA-DQ, and HLA-DP are also 
highly polymorphic and present antigens to CD4+ T lymphocytes. Virtually all autoimmune 
diseases are associated with HLA and differences associated with genetic load or gender 
have been reported, highlighting the complexity of how the HLA locus exerts its influence 
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on MS (Apanius et al 1997). The new genomic tools available in recent decades confirmed 
the association of the HLA class II haplotype DRB1*15:01–DQA1*01:02–DQB1*06:02 with 
MS (Barcellos et al. 2006, Kollaee et al. 2012, Cocco et al. 2012, Hollenbach & Oksenberg 
2015). Thirty-five years after the first report on the role of the HLA region in MS, GWAS 
identified genetic risk factors for MS outside of the HLA region. These were variants in 
the cytokine receptor genes interleukin-2 receptor alpha ( ) and interleukin-7 receptor 
( ) (Lundmark et al. 2007, Kreft et al. 2012, Liu et al 2017). Five important genetic 
factors have also been identified in multiple families by linkage and in family-based and 
case-control association analyses in the Kyrönmaa region in Finland, namely HLA, MBP, 
STAT3, IL7R, and C7/FLJ40243 (Tienari et al. 1992, Tienari et al. 1993; Kuokkanen et 
al. 1996; Kuokkanen et al. 1997; Pihlaja et al. 2003, Kallio-Laine et al. 2009, Jakkula et al. 
2010, IMSGC 2013 and 2017). MBP and STAT3 genes are also implicated in cancer. MBP 
is associated with childhood leukemia and non-Hodgkin’s lymphoma (Han et al. 2010, 
Ouyang et al 2016). These suggest that MS and haematologic cancers may have common 
background mechanisms. STAT3 regulates cell proliferation against programmed cell 
death and activation of the STAT3 signaling pathway is implicated in many types of cancer 
(Johnson et al. 2018). Activating somatic STAT3 mutations have been found in CD8+ T 
lymphocytes in leukemia and in some patients with MS (Koskela et al. 2012, Andersson 
et al. 2013, Rajala et al. 2015, Valori et al. 2017). It is of interest that HLA-A2, which is 
associated with protection from MS, is also associated with reduced risk of EBV-positive 
Hodgkin’s lymphoma (Niens et al 2007, Jones et al 2016).

There are no known monogenic forms of MS. Some genetic diseases like LHON (Sadun 
et al. 2002, DeBusk et al 2018) and OPA1 disease, which cause optic neuropathy as well, 
(Sitarz et al. 2012, Yu-Wai-Man et al. 2016), mimic ON and MS.

Although an HLA association has been demonstrated, no specific NMO genes have 
been identified thus far. A small percentage of people with this condition have a family 
member who is also affected, which indicates that one or more genetic changes increase 
susceptibility (Matiello et al. 2010). The inheritance of NMO is considered to be complex 
and many environmental and genetic factors are involved in its development. In Japan and 
China, NMO is associated with HLA-DPB1*0501 allele (Matsushita et al. 2009, Wang et al. 
2011) and in Brazil with HLA-DRB1*03:01 (Alvarenga et al. 2017). A recent genetic study 
from the USA suggests that distinct genetic variants in the MHC region (HLA-DRB1*03:01 
and complement C4 gene low copy number haplotype) contribute to the aetiology of NMO 
and that NMO is genetically more similar to systemic lupus erythematosus than to MS 
(Estrada et al. 2018). Preliminary data on other associations have also been reported, but 
these findings are still uncertain (Matiello et al. 2011, Wingerchuck and Weinshenker 
2014). 
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As the incidence of demyelinating diseases (particularly MS) are high in Finland, we 
were interested in studying the natural course and epidemiology of ON in our healthcare 
district. The differential diagnosis of ON is often considered challenging. Therefore, we 
sought to determine how often the initial diagnosis is correct and if other factors should be 
considered to improve the diagnostic accuracy of ON in the future. 

Very little is known about the genetics of NMO, apart from its association with the HLA 
system (Ono et al. 1998, Brum et al. 2010) (Table 6). Although the prevalence of NMO 
in Finland is low, the Finnish genetic background is suitable for studying rare diseases 
like NMO. Finland has been relatively isolated for centuries and therefore the Finnish 
population has a relatively small number of founders. If there are rare variants with a strong 
genetic effect, these would be more easily detected in the Finnish population than in more 
mixed populations. Before this study, only a few patients with NMO had been treated in our 
hospital district. Some of these patients were considered for years to have a severe variant 
of MS until the discovery of AQP4 antibodies. The first symptom of NMO is often uni- 
or bilateral ON that often poorly recovers. Therefore, I considered it would be of clinical 
relevance for early diagnosis and treatment to identify NMO patients already at the onset of 
the first symptoms. 

The present study was therefore undertaken to achieve the following aims: to determine the 
incidence of ON in Southern Finland and to identify the diagnostic challenges associated 
with acute idiopathic ON (Study I); to identify the symptoms present in an unselected ON 
cohort and the factors that modulate the prognosis of ON (Study II); to assess the utility of 
AQP4 antibody tests in diagnostics of NMO in patients with ON in Finland (study III); and 
to identify rare genetic variants that predispose to NMO in Finland (Study IV).

8.1.1  Studies I and II
All 291 patients referred to the Department of Ophthalmology, Helsinki University 
Hospital, Finland between May 1, 2008 and April 14, 2012 (a period of 47.5 months) 
with symptoms suggestive of acute or subacute ON were eligible. The hospital receives 
virtually all patients with an acute ON that live in its catchment area, the Hospital District 
of Helsinki and Uusimaa in Southern Finland. This region had a mean population of 1.53 
million during the study period (28% of the population of Finland, 5.4 million in 2011). 
Therefore, the sample was essentially population-based in the geographic catchment area 
without any administrative selection criteria. 

Aims of the study



40

8.1.2  Study III
The subjects were the same as in study I (7.1.1) except that 9 more patients were included in 
this study who were later excluded from studies I and II because of clerical errors (miscoded 
diagnosis or personal identification error).

8.1.3  Study IV
Two patients with NMO were incident cases identified in my previous studies and 3 
additional NMO patients were identified by reviewing the patient databases of the 
Departments of Neurology and Ophthalmology in the Helsinki University Hospital from 
2008 to 2013.

A battery of blood tests was performed in all patients as part of an ongoing clinical trial 
(MINOPTIC, https://www.clinicaltrialsregister.eu/ctr-search/search?query=minoptic): 
ESR, full blood count, CRP, calcium, sodium, potassium, albumin, creatinine, alkaline 
phosphatase, γ-glutamyltransferase, alanine aminotransferase, glucose, thyroid stimulating 
hormone, Borrelia burgdorferi antibodies, AQP4 autoantibodies, and pregnancy test 
(for women). All tests except for AQP4 autoantibodies were performed in the clinical 
laboratory (HUSLAB) of the Helsinki University Hospital. AQP4 autoantibodies were 
quantified in the laboratory of prof. H.P. Seelig, Karlsruhe, Germany, using an in-house 
radioimmunoprecipitation method with in vitro transcribed and translated 35S-methionine 
labelled human AQP4 as antigen. An AQP4 index >15 was considered positive, 10 to 15 
borderline, and <10 normal (Paul et al. 2007).

MRI of the brain and the orbits was performed within 24 hours after hospital admission, 
either with Siemens Avanto 1.5T (Siemens AG, Erlangen, Germany), Philips Achieva 3T 
(Philips Healthcare, Eindhoven, The Netherlands), or Siemens Verio 3T (from 2011). 
The MRI included T2, T2 flair, diffusion-weighted and T1 sequences with gadolinium 
enhancement. MRI was not performed in 49 patients in acute phase for various reasons: 
in 41 patients MRI had been performed recently as a part of MS follow up, 4 patients were 
referred immediately to a neurologist before MRI screening, and 5 patients had other 
reasons (e.g. claustrophobia). A spinal MRI was obtained in all patients with spinal cord 
symptoms or positive or borderline AQP4 autoantibody index.

In study IV, exome (Roche Nimblegen v3, 64 Mb), HLA region (Roche Nimblegen HLA, 
5 Mb), and a custom selection of regulatory regions exhibiting open chromatin/DNAse 
I-hypersensitive sites in immune cells (64 Mb) were captured from genomic DNA using 
a custom-designed SeqCap kit (Roche NimbleGen Inc., Madison, Wisconsin, USA). The 
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non-coding sequences targeted in addition to exome represent the top 1 percentile of open 
chromatin replicated in multiple samples of each immune cell type (n=17) by NIH RoadMap 
Epigenomics (PMID: 25693563). Next-generation sequencing with an average coverage 
depth of 25X was performed using an Illumina HiSeq2500 instrument at McGill University 
and Génome Québec Innovation Center, Montreal, Canada. Reads from the HiSeq output 
were mapped to the reference genome (hg19) using the Burrows-Wheeler Aligner (Li 
et al. 2009) and variants were called with the Genome Analysis Toolkit (McKenna et al. 
2010). Non-synonymous variants in coding regions that showed a frequency of 0.01 in 
the 1000 genomes (1000 Genomes Project Consortium), ExAC (exac.broadinstitute.org), 
and Finnish SISU (sisu.fimm.fi) population exome databases were considered for further 
analysis. Non-coding variant frequencies were estimated based on the 1000G database and 
an in-house database of McGill University Genome Centre. Systematic errors were filtered 
using the Genome Analysis Toolkit VQSR method and by comparison with control samples 
sequenced at the same time. We searched the NMO patient data for rare variants by the 
following: (i) shared exonic non-synonymous variants, (ii) shared non-coding variants, (iii) 
shared non-coding variants with a high CADD score suggesting functional effect (Kircher 
et al. 2014), and (iv) genes with clustering of any non-synonymous variants. HLA typing 
(A, B, C, DQA1, DQB1, and DRB1 genes) was performed by using the software PHLAT 
(Bai et al. 2014). HLA-DPB1 typing was performed separately using sequence-specific 
primers (SSP: Olerup SSP, Stockholm, Sweden).

In Study 1 and in Study 3, confidence intervals and positive and negative predictive values 
for the development of MS were determined using SPSS for Windows, version 21.0 (IBM 
Corp, Armonk, NY, USA).

In Study 2, statistical analysis was performed using IBM SPSS Statistics for Windows, 
Version 22.0 (IBM Corp, Armonk, NY, USA) and Stata: Release 15 (College Station, TX: 
StataCorp LLC, USA). A binominal test was used to test whether recurrent ON occurred 
equally in the same or the other eye. Mann-Whitney U test and non-parametric test for 
trend were used to compare continuous variables between unordered and ordered groups, 
respectively.  Fisher’s exact test and Jonckheere-Terpstra test were used to compare 
categorical variables in unordered and doubly ordered contingency tables, respectively. 
Walter-Elwood test (Walter 1977) was performed for monthly distribution of patients and 
the linear regression for the change of visual acuities. Statistical significance was set at the 
5% level. 
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Altogether 291 cases were reviewed and 184 fulfilled the inclusion criteria of ON. A 
flowchart of the study population is shown in Figure 13. Most patients (63%; 95% CI 57-69) 
were indeed diagnosed with ON but 37% were diagnosed with another condition. These 
107 patients with disease mimicking ON had 35 different diagnoses; the most common 
were NAION, anterior uveitis, and dry eyes. It is not surprising that NAION patients are 
mistakenly diagnosed as ON since the clinical findings initially are often quite similar, 
except that NAION patients are usually older and the onset of symptoms is more sudden. 
Patients with their first anterior uveitis are often young and the clinical findings may be 
minor; therefore it is possible that the patient is at onset diagnosed with ON. A larger than 
anticipated number of diseases that at onset mimicked ON was found, which is a reminder 
of the challenges associated with ON diagnosis at symptom onset. A recent study from the 
USA also revealed the challenges in ON diagnosis, as the majority of patients referred for 
ON were diagnosed with a disease other than ON. In this material NAION was also one of 
the most common diagnoses (Stunkel et al. 2018).

Most patients with ON had their first ON (67%) and approximately one third had a 
previous diagnosis of MS (Figure 13). As NMO is rare in Finland only 2 patients were 
diagnosed with NMO, both with their first ON. Three patients (1.6%, 95% CI 0.16-3.0) 
had bilateral ON; 2 of them had MS and 1 was diagnosed with NMO. In our study, MRI 
(1.5 or 3 Tesla) was performed on 135 (73%) patients. Most of the patients screened with 
MRI (81%) had demyelinating lesions in brain MRI, which is apparent since ON in most 
cases is related to demyelinating diseases. One of the most interesting findings was in the 
6 patients who had intracranial expansions in MRI at the onset of suspected ON. Most of 
them were subsequently operated on by neurosurgeons. This observation emphasizes the 
importance of performing MRI upfront. The same observation was reported in a recent 
study from the USA where 4% of suspected ON cases were diagnosed as optic sheath 
meningioma (Stunkel et al. 2018). There are also reports of optic nerve lymphoma and 
optic nerve sheath melanoma cases as serious compressive lesions that mimick ON (Kim 
et al. 2015, D’souza et al. 2017). Sarcoidosis may also affect the optic nerve, but most of 
the ocular involvement is related to uveitis (Karma & Mustonen 1985, Rothova 2000). The 
presence of any demyelinating lesions was a strong predictor of MS, as 54% of the patients 
with demyelinating lesions in their MRI versus 5% of patients without demyelinating 
lesions developed MS during follow-up (positive and negative predictive value, 54% and 
94%, respectively). Since MRI defines a subpopulation with a significant risk of MS, as has 
been shown previously (Ransohoff et al 2015, Spelman et al. 2017), a MRI scan should be 
considered in the routine diagnostic work-up of ON to facilitate early diagnosis and early 
treatment of MS.
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Figure 13. Flowchart with 291 suspected ON patients according to their relation to disease.

In this data the estimated crude incidence of ON is now slightly higher in Southern Finland 
Uusimaa county than previously reported (Kinnunen 1983). The crude incidence was 3.0 
(95% CI 2.8-3.3) per 105 (females, 4.6 per 105; males, 1.4 per 105) compared to the earlier 
incidence estimate of 2.4 per 105 in Southern Finland (Kinnunen 1983) (Table 4).
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Table 4.  Optic neuritis incidence per 105 in Southern Finland Uusimaa and Western Finland  
Vaasa counties. 

The present incidence is more reliable as some mimickers of ON can be differentiated from 
ON (Kupersmith et al. 2002, Chan et al. 2012, Berg et al. 2015, Fard et al. 2018). In the 
previous study in Finland from the 1970s, MRI and most of the other ancillary methods 
were not available (Kinnunen 1983). It is likely that the incidence of ON has increased 
slightly more than the figures directly indicate, probably because of the lower number of 
false-positive diagnoses in the present study. In the 1970s catchment, most patients with 
ON were referred to their local central hospital. While this happens today as well, more 
and more patients are evaluated in private-sector hospitals, which may also decrease the 
incidence of ON in this study.

On the other hand, the development of the health care system in Finland may today more 
often find patients with ON than in the previous study. Today people may also more actively 
search for medical advice even with less severe symptoms, which may also increase the 
incidence. 

The incidence rate of ON varies widely around the world. The high incidence of 5.4 per 105 
in a recent study from Spain (Martinez-Lapiscina et al. 2014) suggests that the incidence 
of ON is rising. The population of that study was quite small (300,000) and the study area 
was limited to a small region in Spain (Barcelona area); those figures are thus not quite 
comparable to other studies and are subject to more random variations from year to year. 
Northern Europe and Sardinia in Italy (Congia et al. 2012) are known to be areas with high 
incidence of MS. As ON is often related to MS, the lower incidence of ON in these areas 
compared to the Barcelona area is perhaps surprising. The well-known observation that MS 
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is quite rare in Asia is well correlated with the low incidence of ON in Singapore (Lim et al 
2009).  

The mean age of patients with ON in this study was 34 years (range 15-61 years) and about 
three quarters (76%) of the patients were female (Figure 14). A trend for a similar unequal 
gender distribution has been shown in previous ON studies. The mean age of patients with 
ON was also comparable to previous findings (Optic Neuritis Study Group 1997, Jin et al. 
1998, Wakakura et al. 1999, Zhang et al. 2007, Lim et al. 2008, Soelberg et al 2017).

Figure 14. Gender distribution of patients with ON (n=184) in three age groups. 

The incidence of ON was analysed by month and by season (Q1= January-March, 
Q2=April-June, Q3=July-September, Q4=October-December). The quarterly incidence of 
ON was highest in Q2 and lowest in Q4. The Q2 versus Q4 comparison revealed an odds 
ratio of 2.0 for Q2 (95% CI 1.09-3.68, p=0.030, Fisher’s exact test), which is similar to data 
from Sweden (Jin et al. 2000). Using the Walter-Elwood test (Walter 1977), we observed a 
significant difference in monthly distribution of ON patients (p=0.026). 

9.6.1  Visual acuity
The median baseline BCVA of all ON patients at time of ON diagnosis was 0.2 (range 
CF-1.0) on a Snellen chart. Evolution of BCVA was analyzed in 132 (72%) patients, who 
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were reviewed ≥30 days after onset (median 38 days). Median BCVA in these 132 patients 
was 0.4 at the time of diagnosis and 1.0 at time of review. Recovery was relatively good in 
the majority of patients; at the time of review, 82% (n=108) and 70% (n=92) achieved a 
BCVA of ≥0.5 and ≥0.8, respectively. Only 10% had poor recovery (BCVA ≤0.1) at review.

9.6.2  Prognostic factors
We observed that visual acuity at review was poorer among patients with swelling in optic 
nerve (microscopic examination) (p=0.033, Mann-Whitney U test) and among patients 
with demyelinating MRI lesions in the optic nerve (p=0.049, Mann-Whitney U test). 
While seropositivity of AQP4 antibodies has been linked to visual outcomes of ON patients 
(Kezuka et al. 2012, Martinez-Hernadez et al. 2015), this was not observed in the studies 
presented here.

9.6.3  Pupillary function and optic disc
RAPD was positive in most (n=132, 76%) of the tested patients. The interquartile range 
of visual acuity among RAPD-negative patients was 0.1 to 0.6. Patients with recurrent 
ON (n=61) were excluded from RAPD analysis because RAPD is an unreliable sign if the 
relapse affected the previously unaffected eye. Of the 61 patients with a previous history 
of unilateral ON, recurrent ON was found in the same eye in 64% (95% CI 58-70) and in 
the other eye in 36% (95% CI 30-42) of patients. As the sample size was small, we did not 
have enough evidence to conclude that this distribution deviated from chance (p=0.088, 
binominal test). 

Optic disc swelling, which is sometimes considered a typical symptom of ON, was found in 
only 21% of patients. Instead, more common findings were colour vision impairment (75%, 
95% CI 70-80) and pain with eye movements (65%, 95% CI 60-70). 

9.6.4  Clinical chemistry
A battery of blood tests was performed in all patients because of an ongoing clinical 
trial. Positive AQP4 antibodies were found in 3 patients, but only 1 was diagnosed with 
NMO. Although 10% of patients had a positive IgG titre for Borrelia burgdorferi, this 
seroprevalence is similar to that of the general population of Southern Finland (Oksi et 
al. 2013). MOG antibodies were not assessed but would have been a useful addition to the 
otherwise comprehensive laboratory package, as it is known that patients with NMOSD 
with MOG antibodies have distinct clinical features. MOG antibodies are also included in 
the revised diagnostic criteria of NMO from 2015 onwards (Kitley et al. 2014, Sato et al. 
2014).
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We measured the AQP indexes of consecutive patients referred between May 1, 2008 and 
April 14, 2012 (a period of 47.5 months) with symptoms suggestive of acute or subacute 
ON. A positive AQP4 autoantibody index was found in 3 patients (1.6%, 95% CI 0.3-4.5) 
and a borderline index in 10 (5.2%; 95% CI 2.5-9.4) patients.

Of the 3 AQP4 index-positive patients, 1 patient had unilateral ON and a previous 
diagnosis of MS. One patient had unilateral ON and several demyelinating lesions in MRI, 
fulfilling three of the four Barkhof ’s criteria at the time of first examination; this patient 
was diagnosed with MS 1 month later. A third patient had definite NMO according to 
the diagnostic criteria valid at the time (Wingerchuk et al. 2006). One additional patient 
was also diagnosed with NMO but had a normal AQP4 autoantibody index. This patient 
fulfilled all the absolute and supportive diagnostic criteria of NMO except for the increased 
AQP4 index.

We found only 2 patients that fulfilled the diagnostic criteria (valid at that time) of NMO, 
which confirms the rarity of NMO in Finland. The positive predictive value of the AQP4 
index for NMO was 1/3 and its sensitivity was 1/2 in this cohort, which shows that the AQP4 
antibodies test is not specific or sensitive in the Finnish population (Table 5). Therefore, it is 
advisable to perform remeasurements of AQP4 antibodies in patients with suspected NMO 
suspects. It is important to note that a negative AQP4 index does not exclude an NMO 
diagnosis. 

The diagnostic criteria of NMO have significantly evolved and, therefore, a new study 
according to the revised diagnostic criteria from 2015 would probably increase the 
prevalence of NMO/NMOSD in Finland. These new criteria are not as strict as the previous 
criteria and thus more patients would be diagnosed with NMOSD today.

Table 5. Distribution of ON patients according to their AQP4-antibody status. 
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In exome sequence analysis, 185 to 305 rare non-synonymous variants with a population 
frequency <0.01 was observed in each of 5 NMO patients. None of these variants was found 
in all 5 patients. Four rare non-synonymous variants were shared by 2 patients each; these 
were found in four genes (C3ORF20, PDZD2, C5ORF47, and ZNF606). The C5ORF47 
variant was shared by two AQP4 seropositive patients; otherwise the patients that shared 
rare variants were discordant for the AQP4 autoantibody index. The PDZD2 V1121M 
variant was the only variant that was predicted as deleterious by both PolyPhen-2 (genetics.
bwh.harvard.edu/pph2/) and SIFT (sift.jcvi.org) programs. Two additional PDZD2 variants 
were found (both predicted as non-deleterious): patient 2 had a D6Q variant (predicted 
deleterious) and patient 4 had a second variant T56M (predicted non-deleterious). Patient 3 
carried three rare variants in the four genes shown; patients 3 and 4 shared two rare variants 
of these four genes. We did not find rare variants in the non-coding sequence (frequency 
<0.01) shared by all patients. Two single-nucleotide variants with a high CADD score of 25 
were shared by two AQP4-seropositive patients (patients 1 and 2): rs13029421 in an intron 
of the PLB1 gene and rs12516549 between LOC340074 and SLC25A48 (frequencies 0.015 
and 0.010 in 1000G) (Table 7).

One of the AQP4 autoantibody-positive patients carried the proposed risk allele DPB1*0501 
(Table 8). No non-synonymous variants were found in the AQP4 gene, a proposed genetic 
risk factor of NMO.

Table 6. HLA associations of NMO patients in other studies.
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Table 7. Genetic variants found in the NMO patients in this study.

A. All non-synonymous variants.

B. Shared non-synonymous rare variants 

C. Shared non-coding rare variants with high CADD score

*AQP4 autoantibody-positive patient. 

The PDZD2 variant was the only rare shared variant that was predicted as deleterious 
by SIFT and PolyPhen-2. Other PDZD2 variants were found in Pt 2 (rs116598198 D6Q, 
population frequency approximately 0.02) and Pt 4 (rs145138976 T56M, population 
frequency approximately 0.03). The C5orf47 variant, while not found in the ExAC Finnish 
population, has a frequency of approximately 0.02 in the African population. 
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Table 8. HLA typing of NMO patients. 

* Only one previously reported HLA risk allele found

9.9.1  Study I
The diagnostic criteria for ON are not entirely clear and straightforward. Therefore, 
diagnosing ON is sometimes quite challenging. As the patients were consecutive patients 
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with suspected ON and consulted with different resident doctors, the experience and skills 
of the resident doctors varied thus leading to broad range of diagnoses. This may explain 
the large number of ON-mimicking diseases considered first as suspected ON. The results 
might have been more specific if this study was performed in a prospective setting and 
the same researcher consulted with all patients. Some patients with ON probably had only 
minor symptoms that improved rapidly and therefore these patients never consulted an 
ophthalmologist. Some patients only met their private ophthalmologist and when their 
symptoms did not qualify for i.v. corticosteroid treatment they were not referred to my 
hospital. For these reasons, the incidence of ON may be somewhat higher than observed 
in this study. The study population was focused on Southern Finland and all patients were 
white Caucasians. Thus, these results do not directly apply to other ethnic groups with a 
lower incidence of MS.

9.9.2  Study II
In addition to the limitations of study I, some conclusions may be weakened due to the 
varying follow-up times between patients. All examinations were not performed on every 
patient.  In practice, all patients with ON in my hospital are reviewed 1 month from the 
onset. However, due to patient- and physician-related matters, the control times often 
slightly varied and some patients never returned for review. Most patients had their brains 
and orbits screened with MRI 24 hours after first appointment at my hospital. Some patients 
with MS had been screened recently in the Department of Neurology and some patients 
refused MRI (because of e.g. claustrophobia). The timing of MRI was therefore not equal in 
all patients.

9.9.3  Study III
The laboratory test to diagnose AQP4 antibodies has evolved. The test we used, the 
radioimmunoprecipitation method measured in the laboratoty of H.P Seelig in Karlsruhe, 
Germany, is not considered the most specific and sensitive test today. At the time when the 
patient data were examined (2008-2012), the knowledge of NMO was quite incomplete. 
Therefore, it is possible that some AQP4 autoantibody-negative patients with NMO were 
still diagnosed and treated as MS patients. Because the number of patients with NMO was 
low (n=2) in this study, the specificity and sensitivity values are only rough estimates. 

9.9.4  Study IV
We found only 5 NMO patients from Southern Finland during the study period. Since 
the number of exome-sequenced patients was low, we were only able to detect very strong 
genetic factors linked to NMO. As knowledge on the heterogeneity of NMO has increased 
in recent years, it is anticipated that the number of NMO patients must be much higher 
to find important genetic variants. Due to the heterogeneity of NMO (e.g. AQP4-positive 
versus -negative patients), future genetic studies probably should concentrate on certain 
subgroups of NMO.
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9.10.1  ON
The diagnosis of ON is clinical and no universal diagnostic criteria are available. It is 
therefore challenging to compare different ON studies. The evolution of computerized 
imaging methods (e.g. OCT) may set better standards for the diagnosis of ON. In 
retrobulbar ON, the optic disc may not show any signs of ON. Therefore, an easy and 
accessible screening method for the retrobulbar part of the optic nerve would also bring 
important objective data. No laboratory tests are specific for ON. A reasonably specific 
antibody found in ON patients, such as that for NMO patients, would be useful. However, 
it may be unlikely that such an antibody will be found as ON most probably is not an 
antibody-mediated disease like NMOSD. 

Genetic studies in some other autoimmune diseases, like rheumatoid arthritis, have found 
weak-to-modest predictive value with regards to patient treatment (Plant et al. 2014, 
Cherlin et al. 2018). In MS, some pharmacogenomics findings regarding the generation of 
IFNβ neutralizing antibodies, anaphylactic reactions in natalizumab treatment, glatiramer 
acetate treatment response, and non-response to IFNβ have been observed (de la Hera et al. 
2014, Esposito et al. 2015, Ross et al. 2017, Buck et al. 2018).

Future genetic studies of ON may also reveal information on possible genes that specifically 
trigger ON, modify its outcome, or predict treatment response. Genetic studies may lead to 
the discovery of new treatment targets or pathways as has been shown in SLE (Rankin et al. 
2013, Julia et al. 2018), which may lead to new treatment possibilities.

Currently, the only known medication for acute ON is still intravenous high-dose 
corticosteroids. The method of administration may change in the future, as some recent 
studies have revealed that bioequivalent oral high-dose corticosteroids compared well with 
intravenous administration (Morrow et al. 2018, Naumovska et al. 2018). New medications 
for ON have been studied but no prominent discoveries have been made. However, the 
evolution of medical treatment in closely related MS has advanced significantly recently. 
While there is some evidence that the human monoclonal antibody, opicinumab, may 
promote the recovery of the VEP of patients with ON, more data on that preliminary 
observation is needed (Cadavid et al. 2017, Cadavid et al. 2018, Klistorner et al. 2018). 
Erythropoietin may have also some potential in the treatment of ON, as some indication 
of its neuroprotective mechanisms was documented a few years ago.  Erythropoietin 
has shown neurotrophin-like properties in various models of brain injury. In an animal 
model of ON, erythropoietin was particularly effective when given in combination with 
methylprednisolone (Sühs et al. 2012). A new larger study of erythropoietin in the treatment 
of ON is ongoing (Diem et al. 2016). We have studied minocycline, a tetracycline-derivative 
antibiotic, in the treatment of acute ON in our clinic. Previously, minocycline has shown 
promising results in MS-related studies. In rodent autoimmune encephalomyelitis, a model 
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of MS, minocycline was found to decrease the infiltration of T cells into the central nervous 
system (Popovic et al. 2002). The effect of minocycline on MS was subsequently evaluated in 
Canada over the last 15 years (Metz et al. 2004, Metz et al. 2017). We have not yet recruited 
enough patients to confirm the possible effect of minocycline in the treatment of ON. 

9.10.2  NMOSD 
The diagnostic criteria for NMO and the spectrum of NMO diseases have evolved 
significantly during the last decade. Because of the emerging diversity of the NMO 
spectrum, the diagnostic criteria will likely continue to develop in the future. While the 
relationship of AQP4 antibodies in NMOSD is becoming more refined, further research 
is necessary to discover the true importance and meaning of MOG antibodies in NMOSD 
patients. 

MS medications have developed rapidly in recent years and in the future it may be possible 
to personalize MS treatment. Since NMOSD is an even more diverse disease than MS, the 
need for personalized medication is even more important. Computerized examinations 
may facilitate NMOSD diagnosis already at onset: AQP4 and MOG antibodies in blood, 
abnormally intense ON findings in OCT, typical changes in spinal cord MRI, and no 
demyelinating brain MRI findings. Examining these findings routinely at onset would 
facilitate arriving at the diagnosis of NMOSD sooner, thus allowing prompt initiation of 
proper treatment. This may improve the prognosis of NMOSD.

Further genetic studies of NMOSD are needed. This study and other genetic studies have 
discovered only some possible genetic changes in patients with NMOSD. The most recent 
study revealed that some genetic variants in the MHC region may contribute to the aetiology 
of NMOSD (Estrada et al. 2018). The prevalence of this disease is very much dependent on 
ethnicity and race;  it is highest among black people (Flanagan et al. 2016) and variations 
of prevalence have been documented among different Asian ethnic groups living in the 
same geographical area (Hor et al. 2018). Therefore, in the future some significant changes 
in genetic profiles of patients with NMOSD may be revealed. Nevertheless, classical 
genetic-epidemiologic research, such as twin studies, should be performed in NMOSD to 
demonstrate the role of genetic factors.

It is unclear what drives the immune response against the optic nerve in NMOSD and 
in MS. Perhaps there is an anatomical basis for preferential immune attack (e.g. vascular 
structure, blood brain barrier fragility, optic nerve myelin structure) or there may be 
specific autoantigens displayed on the optic nerve or in its immediate vicinity. New studies 
will be needed to address these unknowns.

Results and discussion



54

This study was performed during a 10-year period from 2008 to 2018 at the Departments 
of Ophthalmology and Neurology, Helsinki University Hospital. I am grateful to the heads 
of our clinic during this period, Docent Erna Kentala and Docent Jukka Moilanen, for the 
opportunity to take time off from daily clinical work to complete this study. I am also highly 
appreciative of their positive attitude towards scientific work, which provided me with an 
encouraging working environment.

I want to express my warmest thanks to my supervisors Docent Kirsi Setälä and Professor 
Pentti Tienari. At the beginning of my residency, Kirsi introduced me to the amazing 
subspecialty of neuro-ophthalmology, particularly in ON. Since then, I have admired her 
dedication to patients and brilliant clinical skills in daily work. Pentti has been an excellent 
teacher and an invaluable help in this study. I also appreciate our numerous conversations 
around many topics related to daily life outside the medical field, which have sometimes 
filled most time of our appointments.  

I would like to express my great appreciation to Professor Tero Kivelä for his continuous 
help in this study and in my consultations in clinical work. I highly admire his excellent 
skills and enthusiasm in clinical and scientific work, and I am often amazed at his 
comprehensive common knowledge outside the medical world.

One can never underestimate the influence of well-organized courses during medical 
school, and therefore I am very thankful that Docent Paula Summanen became my group 
teacher almost 20 years ago. Her heartfelt, inspiring, and efficient teaching methods 
affirmed my interest in ophthalmology.

I am very thankful to my co-authors and co-workers Sari Atula, Aaro Miettinen, Kari-
Pekka Saastamoinen, Miko Valori, Andreanne Morin, Tony Kwan, Tomi Pastinen, Lilja 
Jansson, Marja-Liisa Lokki, Päivi Kähärä, and Annika Lipponen.

I am grateful to the reviewers of this thesis, Docent Marja-Liisa Sumelahti and Professor 
Marko Hawlina. Their excellent comments improved this work significantly.

I want to thank Docent Marita Uusitalo for being an exemplary head of our department and 
teaching me most things I know in oculoplastic surgery. I am also very thankful to Risto 
Nieminen for introducing me the wonderful world of lacrimal surgery, which has become 
my favorite part of clinical work. In addition to Marita’s and Risto’s great input, daily work is 
enjoyable and fun since we have a great young and dynamic team of oculoplastic surgeons: 
Ahmad, Anna, Annukka, Johanna, two Marias, Martin, Minna, Paula, Perttu, and team 
leader Tommi. I am more than happy to work with you.

Acknowledgements



55

I am very grateful to have many friends. During medical school I considered my classmates 
from Cursus Paranormalis almost as a second family and therefore I continue to enjoy 
our monthly dinners with “The Paranormalis boys” Aapo, Anton, Juho, Martin, Mikko, 
Tuomas, and the head organizer Markus. I also love to spend time with friends from my 
previous hometown Lahti: Daniel, Heikki, Janne, Joni, Kai, Kalle, Pekka, and Sami who all 
moved in the 1990s to Helsinki. Our “Lahti-team” annual weekend trip to conquer Finnish 
provincial cities is one of the highlights of the year. I am also thankful to be a member of 
“The Baltic Golf Tour”, organized by my great friends Mikko and Peetu, which travels every 
year abroad for a sporty and cultural weekend.

It is with great saddeness to mention that our dear colleague at our clinic, friend, and 
Elmeri’s godmother Heidi passed away the following week after this study was submitted to 
the Medical Faculty Council. She is and will be in our hearts and minds every day.

Finally, I would like to thank my beloved parents Hannele and Tauno for their love and 
support throughout my life. The secure and firm foundation I received is what everything 
in my life is based on. I also express my deepest thanks and love to the most important 
people in my life, the love of my life Tiia and our son Elmeri. My happiest time is when I am 
with my family.

This study was financially supported by grants from the Evald and Hilda Nissi Foundation, 
Eye and Tissue Bank Foundation, Eye Foundation, Helsinki University Central Hospital 
Research Funds, Mary and Georg C. Ehrnrooth Foundation, Sokeain Ystävät Ry, The 
Academy of Finland, The Social Insurance Institution of Finland, and TP holds Canada 
Research Chair.

Mika Siuko
Helsinki, August 2019

Acknowledgements



56

1000 Genomes Project Consortium, Abecasis GR, Auton A, Brooks LD, DePristo MA, Durbin 
RM, Handsaker RE, Kang HM, Marth GT and McVean GA (2012): An integrated map of 
genetic variation from 1,092 human genomes. Nature 491:7422: 56-65. 

Achiron A & Gurevich M (2009): Gender effects in relapsing-remitting multiple sclerosis: 
correlation between clinical variables and gene expression molecular pathways. J.Neurol.Sci. 
286:1-2: 47-53. 

Adhi M & Duker JS (2013): Optical coherence tomography--current and future applications. 
Curr.Opin.Ophthalmol. 24:3: 213-221. 

Alvarenga MP, Fernandez O, Leyva L, Campanella L, Vasconcelos CF, Alvarenga M and Papais 
Alvarenga RM (2017): The HLA DRB1*03:01 allele is associated with NMO regardless of the 
NMO-IgG status in Brazilian patients from Rio de Janeiro. J.Neuroimmunol. 310: 1-7. 

Amiry-Moghaddam M & Ottersen OP (2003): The molecular basis of water transport in the 
brain. Nat.Rev.Neurosci. 4:12: 991-1001. 

Andersson EI, Rajala HL, Eldfors S, Ellonen P, Olson T, Jerez A, Clemente MJ, Kallioniemi O, 
Porkka K, Heckman C, Loughran TP,Jr, Maciejewski JP and Mustjoki S (2013): Novel somatic 
mutations in large granular lymphocytic leukemia affecting the STAT-pathway and T-cell 
activation. Blood Cancer.J. 3: e168. 

Apanius V, Penn D, Slev PR, Ruff LR and Potts WK (1997): The nature of selection on the major 
histocompatibility complex. Crit.Rev.Immunol. 17:2: 179-224. 

Arnold AC (2005): Evolving management of optic neuritis and multiple sclerosis. 
Am.J.Ophthalmol. 139:6: 1101-1108. 

Ascherio A & Munger KL (2015): EBV and Autoimmunity. Curr.Top.Microbiol.Immunol. 
390:Pt 1: 365-385. 

Ascherio A & Munger KL (2007): Environmental risk factors for multiple sclerosis. Part I: the 
role of infection. Ann.Neurol. 61:4: 288-299. 

Avery OT, Macleod CM and McCarty M (1944): Studies on the Chemical Nature of the 
Substance Inducing Transformation of Pneumococcal Types : Induction of Transformation 
by a Desoxyribonucleic Acid Fraction Isolated from Pneumococcus Type Iii. J.Exp.Med. 79:2: 
137-158. 

Baecher-Allan C, Kaskow BJ and Weiner HL (2018): Multiple Sclerosis: Mechanisms and 
Immunotherapy. Neuron 97:4: 742-768. 

Bai Y, Ni M, Cooper B, Wei Y and Fury W (2014): Inference of high resolution HLA types using 
genome-wide RNA or DNA sequencing reads. BMC Genomics 15: 325-2164-15-325. 

Baranzini SE & Oksenberg JR (2017): The Genetics of Multiple Sclerosis: From 0 to 200 in 50 
Years. Trends Genet. 33:12: 960-970. 

Barcellos LF, Sawcer S, Ramsay PP, Baranzini SE, Thomson G, Briggs F, Cree BC, Begovich AB, 
Villoslada P, Montalban X, Uccelli A, Savettieri G, Lincoln RR, DeLoa C, Haines JL, Pericak-
Vance MA, Compston A, Hauser SL and Oksenberg JR (2006): Heterogeneity at the HLA-
DRB1 locus and risk for multiple sclerosis. Hum.Mol.Genet. 15:18: 2813-2824. 

References



57

Bayes HK, Weir CJ and O’Leary C (2010): Timing of birth and risk of multiple sclerosis in the 
Scottish population. Eur.Neurol. 63:1: 36-40. 

Beck RW, Cleary PA, Anderson MM,Jr, Keltner JL, Shults WT, Kaufman DI, Buckley EG, Corbett 
JJ, Kupersmith MJ and Miller NR (1992): A randomized, controlled trial of corticosteroids in 
the treatment of acute optic neuritis. The Optic Neuritis Study Group. N.Engl.J.Med. 326:9: 
581-588. 

Beck RW, Gal RL, Bhatti MT, Brodsky MC, Buckley EG, Chrousos GA, Corbett J, Eggenberger 
E, Goodwin JA, Katz B, Kaufman DI, Keltner JL, Kupersmith MJ, Miller NR, Moke PS, 
Nazarian S, Orengo-Nania S, Savino PJ, Shults WT, Smith CH, Trobe JD, Wall M, Xing D and 
Optic Neuritis Study Group (2004): Visual function more than 10 years after optic neuritis: 
experience of the optic neuritis treatment trial. Am.J.Ophthalmol. 137:1: 77-83. 

Berg S, Kaschka I, Utz KS, Huhn K, Lammer A, Lammer R, Waschbisch A, Kloska S, Lee DH, 
Doerfler A and Linker RA (2015): Baseline magnetic resonance imaging of the optic nerve 
provides limited predictive information on short-term recovery after acute optic neuritis. 
PLoS One 10:1: e0113961. 

Bichuetti DB, Perin MMM, Souza NA and Oliveira EML (2018): Treating neuromyelitis optica 
with azathioprine: 20-year clinical practice. Mult.Scler. 1352458518776584. 

Bojić L, Ivanišević M, Siničić A, Lešin M, Rogošić V, Mandić Z and Cerovski B (2004): The 
incidence of optic neuritis in Split-Dalmatia county, Croatia. Coll.Antropol. 28:1: 343-347. 

Borisow N, Mori M, Kuwabara S, Scheel M and Paul F (2018): Diagnosis and Treatment of 
NMO Spectrum Disorder and MOG-Encephalomyelitis. Front.Neurol. 9: 888. 

Brill L, Mandel M, Karussis D, Petrou P, Miller K, Ben-Hur T, Karni A, Paltiel O, Israel S and 
Vaknin-Dembinsky A (2016): Increased occurrence of anti-AQP4 seropositivity and unique 
HLA Class II associations with neuromyelitis optica (NMO), among Muslim Arabs in Israel. 
J.Neuroimmunol. 293: 65-70. 

Britze J, Pihl-Jensen G and Frederiksen JL (2017): Retinal ganglion cell analysis in multiple 
sclerosis and optic neuritis: a systematic review and meta-analysis. J.Neurol. 264:9: 1837-1853. 

Brum DG, Barreira AA, dos Santos AC, Kaimen-Maciel DR, Matiello M, Costa RM, Deghaide 
NH, Costa LS, Louzada-Junior P, Diniz PR, Comini-Frota ER, Mendes-Junior CT and Donadi 
EA (2010): HLA-DRB association in neuromyelitis optica is different from that observed in 
multiple sclerosis. Mult.Scler. 16:1: 21-29. 

Buck D, Andlauer TF, Igl W, Wicklein EM, Muhlau M, Weber F, Kochert K, Pohl C, Arnason B, 
Comi G, Cook S, Filippi M, Hartung HP, Jeffery D, Kappos L, Barkhof F, Edan G, Freedman 
MS, Montalban X, Muller-Myhsok B, Hemmer B and BEYOND and BENEFIT Study 
Groups (2018): Effect of HLA-DRB1 alleles and genetic variants on the development of 
neutralizing antibodies to interferon beta in the BEYOND and BENEFIT trials. Mult.Scler. 
1352458518763089. 

Bukhari W, Barnett MH, Prain K and Broadley SA (2012): Molecular pathogenesis of 
neuromyelitis optica. Int.J.Mol.Sci. 13:10: 12970-12993. 

Cabrera-Gomez JA, Kurtzke JF, Gonzalez-Quevedo A and Lara-Rodriguez R (2009): An 
epidemiological study of neuromyelitis optica in Cuba. J.Neurol. 256:1: 35-44. 

References



58

Cadavid D, Balcer L, Galetta S, Aktas O, Ziemssen T, Vanopdenbosch L, Frederiksen J, Skeen M, 
Jaffe GJ, Butzkueven H, Ziemssen F, Massacesi L, Chai Y, Xu L, Freeman S and RENEW Study 
Investigators (2017): Safety and efficacy of opicinumab in acute optic neuritis (RENEW): a 
randomised, placebo-controlled, phase 2 trial. Lancet Neurol. 16:3: 189-199. 

Cadavid D, Balcer L, Galetta S, Aktas O, Ziemssen T, Vanopdenbosch LJ, Leocani L, Freedman 
MS, Plant GT, Preiningerova JL, Ziemssen F, Massacesi L, Chai Y, Xu L and RENEW Study 
Investigators (2018): Predictors of response to opicinumab in acute optic neuritis. Ann.Clin.
Transl.Neurol. 5:10: 1154-1162. 

Callan MF, Steven N, Krausa P, Wilson JD, Moss PA, Gillespie GM, Bell JI, Rickinson AB 
and McMichael AJ (1996): Large clonal expansions of CD8+ T cells in acute infectious 
mononucleosis. Nat.Med. 2:8: 906-911. 

Chalmoukou K, Alexopoulos H, Akrivou S, Stathopoulos P, Reindl M and Dalakas MC (2015): 
Anti-MOG antibodies are frequently associated with steroid-sensitive recurrent optic neuritis. 
Neurol.Neuroimmunol.Neuroinflamm 2:4: e131. 

Chan JW (2012): Early diagnosis, monitoring, and treatment of optic neuritis. Neurologist 18:1: 
23-31. 

Chan JW (2012): Recent advances in optic neuritis related to multiple sclerosis. Acta 
Ophthalmol. 90:3: 203-209. 

Chan MA, Stein LD, Dosch HM and Sigal NH (1986): Heterogeneity of EBV-transformable 
human B lymphocyte populations. J.Immunol. 136:1: 106-112. 

Chanson JB, Alame M, Collongues N, Blanc F, Fleury M, Rudolf G, de Seze J and Vincent 
T (2013): Evaluation of clinical interest of anti-aquaporin-4 autoantibody followup in 
neuromyelitis optica. Clin.Dev.Immunol. 2013: 146219. 

Cherlin S, Plant D, Taylor JC, Colombo M, Spiliopoulou A, Tzanis E, Morgan AW, Barnes 
MR, McKeigue P, Barrett JH, Pitzalis C, Barton A, Consortium M and Cordell HJ (2018): 
Prediction of treatment response in rheumatoid arthritis patients using genome-wide SNP 
data. Genet.Epidemiol. 42:8: 754-771. 

Cocco E, Sardu C, Pieroni E, Valentini M, Murru R, Costa G, Tranquilli S, Frau J, Coghe G, 
Carboni N, Floris M, Contu P and Marrosu MG (2012): HLA-DRB1-DQB1 haplotypes confer 
susceptibility and resistance to multiple sclerosis in Sardinia. PLoS One 7:4: e33972. 

Cohen JA, Barkhof F, Comi G, Hartung HP, Khatri BO, Montalban X, Pelletier J, Capra R, 
Gallo P, Izquierdo G, Tiel-Wilck K, de Vera A, Jin J, Stites T, Wu S, Aradhye S, Kappos L 
and TRANSFORMS Study Group (2010): Oral fingolimod or intramuscular interferon for 
relapsing multiple sclerosis. N.Engl.J.Med. 362:5: 402-415. 

Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Hartung HP, Havrdova E, Selmaj KW, 
Weiner HL, Fisher E, Brinar VV, Giovannoni G, Stojanovic M, Ertik BI, Lake SL, Margolin 
DH, Panzara MA, Compston DA and CARE-MS I investigators (2012): Alemtuzumab 
versus interferon beta 1a as first-line treatment for patients with relapsing-remitting multiple 
sclerosis: a randomised controlled phase 3 trial. Lancet 380:9856: 1819-1828. 

Collongues N, Marignier R, Zephir H, Papeix C, Fontaine B, Blanc F, Rodriguez D, Fleury 
M, Vukusic S, Pelletier J, Audoin B, Thouvenot E, Camu W, Barroso B, Ruet A, Brochet B, 
Vermersch P, Confavreux C and de Seze J (2010): Long-term follow-up of neuromyelitis 
optica with a pediatric onset. Neurology 75:12: 1084-1088. 

References



59

Comi G, Filippi M, Barkhof F, Durelli L, Edan G, Fernandez O, Hartung H, Seeldrayers P, 
Sorensen PS, Rovaris M, Martinelli V, Hommes OR and Early Treatment of Multiple Sclerosis 
Study Group (2001): Effect of early interferon treatment on conversion to definite multiple 
sclerosis: a randomised study. Lancet 357:9268: 1576-1582. 

Comi G, Martinelli V, Rodegher M, Moiola L, Bajenaru O, Carra A, Elovaara I, Fazekas F, 
Hartung HP, Hillert J, King J, Komoly S, Lubetzki C, Montalban X, Myhr KM, Ravnborg 
M, Rieckmann P, Wynn D, Young C, Filippi M and PreCISe study group (2009): Effect of 
glatiramer acetate on conversion to clinically definite multiple sclerosis in patients with 
clinically isolated syndrome (PreCISe study): a randomised, double-blind, placebo-controlled 
trial. Lancet 374:9700: 1503-1511. 

Compston A & Coles A (2008): Multiple sclerosis. Lancet 372:9648: 1502-1517. 

Congia S, Vacca MA and Tronci S (1989): Epidemiologic and clinical features of optic neuritis 
in the 20th and 21st sanitary districts of the Sardinia (Italy). Acta Neurol.(Napoli) 11:1: 10-14. 

Cossburn M, Tackley G, Baker K, Ingram G, Burtonwood M, Malik G, Pickersgill T, te Water 
Naude J and Robertson N (2012): The prevalence of neuromyelitis optica in South East Wales. 
Eur.J.Neurol. 19:4: 655-659. 

Damato V, Evoli A and Iorio R (2016): Efficacy and Safety of Rituximab Therapy in Neuromyelitis 
Optica Spectrum Disorders: A Systematic Review and Meta-analysis. JAMA Neurol. 73:11: 
1342-1348. 

Dankers W, Colin EM, van Hamburg JP and Lubberts E (2017): Vitamin D in Autoimmunity: 
Molecular Mechanisms and Therapeutic Potential. Front.Immunol. 7: 697. 

de la Hera B, Urcelay E, Brassat D, Chan A, Vidal-Jordana A, Salmen A, Villar LM, Alvarez-
Cermeno JC, Izquierdo G, Fernandez O, Oliver B, Saiz A, Ara JR, Vigo AG, Arroyo R, Meca V, 
Malhotra S, Fissolo N, Horga A, Montalban X and Comabella M (2014): Natalizumab-related 
anaphylactoid reactions in MS patients are associated with HLA class II alleles. Neurol.
Neuroimmunol.Neuroinflamm 1:4: e47. 

DeBusk A & Moster ML (2018): Gene therapy in optic nerve disease. Curr.Opin.Ophthalmol. 
29:3: 234-238. 

Degelman ML & Herman KM (2017): Smoking and multiple sclerosis: A systematic review 
and meta-analysis using the Bradford Hill criteria for causation. Mult Scler.Relat.Disord. 17: 
207-216. 

Diem R, Molnar F, Beisse F, Gross N, Druschler K, Heinrich SP, Joachimsen L, Rauer S, Pielen 
A, Suhs KW, Linker RA, Huchzermeyer C, Albrecht P, Hassenstein A, Aktas O, Guthoff T, 
Tonagel F, Kernstock C, Hartmann K, Kumpfel T, Hein K, van Oterendorp C, Grotejohann 
B, Ihorst G, Maurer J, Muller M, Volkmann M, Wildemann B, Platten M, Wick W, Heesen C, 
Schiefer U, Wolf S and Lagreze WA (2016): Treatment of optic neuritis with erythropoietin 
(TONE): a randomised, double-blind, placebo-controlled trial-study protocol. BMJ Open 6:3: 
e010956-2015-010956. 

Disanto G, Berlanga AJ, Handel AE, Para AE, Burrell AM, Fries A, Handunnetthi L, De Luca 
GC and Morahan JM (2010): Heterogeneity in multiple sclerosis: scratching the surface of a 
complex disease. Autoimmune Dis. 2011: 932351. 

Disanto G, Watson CT, Meier UC, Ebers GC, Giovannoni G and Ramagopalan SV (2013): 
Month of birth and thymic output. JAMA Neurol. 70:4: 527-528. 

References



60

D’souza NM, Nguyen HD, Smith SV, Nagarajan P, Diab A, Allen RC, Gombos DS and Lee AG 
(2017): Metastatic Melanoma of the Optic Nerve Sheath. Neuroophthalmology 42:3: 187-190. 

Ebers GC, Kukay K, Bulman DE, Sadovnick AD, Rice G, Anderson C, Armstrong H, Cousin K, 
Bell RB, Hader W, Paty DW, Hashimoto S, Oger J, Duquette P, Warren S, Gray T, O’Connor 
P, Nath A, Auty A, Metz L, Francis G, Paulseth JE, Murray TJ, Pryse-Phillips W, Nelson R, 
Freedman M, Brunet D, Bouchard JP, Hinds D and Risch N (1996): A full genome search in 
multiple sclerosis. Nat.Genet. 13:4: 472-476. 

Epstein MA, Achong BG and Barr YM (1964): Virus Particles in Cultured Lymphoblasts from 
Burkitt’s Lymphoma. Lancet 1:7335: 702-703. 

Esposito F, Sorosina M, Ottoboni L, Lim ET, Replogle JM, Raj T, Brambilla P, Liberatore G, 
Guaschino C, Romeo M, Pertel T, Stankiewicz JM, Martinelli V, Rodegher M, Weiner HL, 
Brassat D, Benoist C, Patsopoulos NA, Comi G, Elyaman W, Martinelli Boneschi F and De 
Jager PL (2015): A pharmacogenetic study implicates SLC9a9 in multiple sclerosis disease 
activity. Ann.Neurol. 78:1: 115-127. 

Estrada K, Whelan CW, Zhao F, Bronson P, Handsaker RE, Sun C, Carulli JP, Harris T, Ransohoff 
RM, McCarroll SA, Day-Williams AG, Greenberg BM and MacArthur DG (2018): A whole-
genome sequence study identifies genetic risk factors for neuromyelitis optica. Nat.Commun. 
9:1: 1929-018-04332-3. 

Etemadifar M, Mollabashi M, Chitsaz A, Behnamfar O, Bahrami E, Minagar A and Maghzi 
AH (2012): Seroprevalence of NMO-IgG among patients with neuromyelitis optica and 
opticospinal multiple sclerosis. Clin.Neurol.Neurosurg. 114:1: 17-20. 

Etemadifar M, Nasr Z, Khalili B, Taherioun M and Vosoughi R (2015): Epidemiology of 
neuromyelitis optica in the world: a systematic review and meta-analysis. Mult Scler.Int. 2015: 
174720. 

Fard MA, Jalili J, Sahraiyan A, Khojasteh H, Hejazi M, Ritch R and Subramanian PS (2018): 
Optical Coherence Tomography Angiography in Optic Disc Swelling. Am.J.Ophthalmol. 191: 
116-123. 

Farnsworth D (1943): The Farnsworth-Munsell 100-Hue and Dichotomous Tests for Color 
Vision. Journal of the Optical Society of America 33:10: 568-578. 

Felgueiras H, Parra J, Cruz S, Pereira P, Santos AF, Rua A, Meira D, Fonseca P, Pedrosa C, 
Cardoso JN, Almeida C, Araujo M and Santos E (2016): Dyschromatopsia in Multiple 
Sclerosis Patients: A Marker of Subclinical Involvement? J.Neuroophthalmol. 36:3: 275-279. 

Feng JM, Hu YK, Xie LH, Colwell CS, Shao XM, Sun XP, Chen B, Tang H and Campagnoni AT 
(2006): Golli protein negatively regulates store depletion-induced calcium influx in T cells. 
Immunity 24:6: 717-727. 

Fisher JB, Jacobs DA, Markowitz CE, Galetta SL, Volpe NJ, Nano-Schiavi ML, Baier ML, 
Frohman EM, Winslow H, Frohman TC, Calabresi PA, Maguire MG, Cutter GR and Balcer LJ 
(2006): Relation of visual function to retinal nerve fiber layer thickness in multiple sclerosis. 
Ophthalmology 113:2: 324-332. 

Fisniku LK, Brex PA, Altmann DR, Miszkiel KA, Benton CE, Lanyon R, Thompson AJ and 
Miller DH (2008): Disability and T2 MRI lesions: a 20-year follow-up of patients with relapse 
onset of multiple sclerosis. Brain 131:Pt 3: 808-817. 

Flanagan EP, Cabre P, Weinshenker BG, Sauver JS, Jacobson DJ, Majed M, Lennon VA, 
Lucchinetti CF, McKeon A, Matiello M, Kale N, Wingerchuk DM, Mandrekar J, Sagen JA, 

References



61

Fryer JP, Robinson AB and Pittock SJ (2016): Epidemiology of aquaporin-4 autoimmunity 
and neuromyelitis optica spectrum. Ann.Neurol. 79:5: 775-783. 

Flanagan EP, Cabre P, Weinshenker BG, Sauver JS, Jacobson DJ, Majed M, Lennon VA, 
Lucchinetti CF, McKeon A, Matiello M, Kale N, Wingerchuk DM, Mandrekar J, Sagen JA, 
Fryer JP, Robinson AB and Pittock SJ (2016): Epidemiology of aquaporin-4 autoimmunity 
and neuromyelitis optica spectrum. Ann.Neurol. 79:5: 775-783. 

Flanagan EP, Weinshenker BG, Krecke KN, Lennon VA, Lucchinetti CF, McKeon A, Wingerchuk 
DM, Shuster EA, Jiao Y, Horta ES and Pittock SJ (2015): Short myelitis lesions in aquaporin-
4-IgG-positive neuromyelitis optica spectrum disorders. JAMA Neurol. 72:1: 81-87. 

Flores-Rodriguez P, Gili P and Martin-Rios MD (2012): Sensitivity and specificity of time-
domain and spectral-domain optical coherence tomography in differentiating optic nerve 
head drusen and optic disc oedema. Ophthalmic Physiol.Opt. 32:3: 213-221. 

Foroozan R, Buono LM, Savino PJ and Sergott RC (2002): Acute demyelinating optic neuritis. 
Curr.Opin.Ophthalmol. 13:6: 375-380. 

Frohman EM, Frohman TC, Zee DS, McColl R and Galetta S (2005): The neuro-ophthalmology 
of multiple sclerosis. Lancet Neurol. 4:2: 111-121. 

Galetta SL (2001): The controlled high risk Avonex multiple sclerosis trial (CHAMPS Study). 
J.Neuroophthalmol. 21:4: 292-295. 

Ghezzi A, Bergamaschi R, Martinelli V, Trojano M, Tola MR, Merelli E, Mancardi L, Gallo P, 
Filippi M, Zaffaroni M, Comi G and Italian Devic’s Study Group (IDESG) (2004): Clinical 
characteristics, course and prognosis of relapsing Devic’s Neuromyelitis Optica. J.Neurol. 
251:1: 47-52. 

Gilbert W & Maxam A (1973): The nucleotide sequence of the lac operator. Proc.Natl.Acad.
Sci.U.S.A. 70:12: 3581-3584. 

Giovannoni G, Comi G, Cook S, Rammohan K, Rieckmann P, Soelberg Sorensen P, Vermersch 
P, Chang P, Hamlett A, Musch B, Greenberg SJ and CLARITY Study Group (2010): A 
placebo-controlled trial of oral cladribine for relapsing multiple sclerosis. N.Engl.J.Med. 
362:5: 416-426. 

Glenn TC (2011): Field guide to next-generation DNA sequencers. Mol.Ecol.Resour. 11:5: 
759-769. 

Gold R, Kappos L, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, Tornatore C, Sweetser MT, 
Yang M, Sheikh SI, Dawson KT and DEFINE Study Investigators (2012): Placebo-controlled 
phase 3 study of oral BG-12 for relapsing multiple sclerosis. N.Engl.J.Med. 367:12: 1098-1107. 

Graber DJ, Levy M, Kerr D and Wade WF (2008): Neuromyelitis optica pathogenesis and 
aquaporin 4. J.Neuroinflammation 5: 22-2094-5-22. 

Halliday AM, McDonald WI and Mushin J (1972): Delayed visual evoked response in optic 
neuritis. Lancet 1:7758: 982-985. 

Han S, Lan Q, Park AK, Lee KM, Park SK, Ahn HS, Shin HY, Kang HJ, Koo HH, Seo JJ, Choi 
JE, Ahn YO, Chanock SJ, Kim H, Rothman N and Kang D (2010): Polymorphisms in innate 
immunity genes and risk of childhood leukemia. Hum.Immunol. 71:7: 727-730. 

Handel AE, Williamson AJ, Disanto G, Handunnetthi L, Giovannoni G and Ramagopalan 
SV (2010): An updated meta-analysis of risk of multiple sclerosis following infectious 
mononucleosis. PLoS One 5:9: 10.1371/journal.pone.0012496. 

References



62

Hauser SL, Belachew S and Kappos L (2017): Ocrelizumab in Primary Progressive and Relapsing 
Multiple Sclerosis. N.Engl.J.Med. 376:17: 1694. 

Hedström AK, Alfredsson L and Olsson T (2016): Environmental factors and their interactions 
with risk genotypes in MS susceptibility. Curr.Opin.Neurol. 29:3: 293-298. 

Hee MR, Baumal CR, Puliafito CA, Duker JS, Reichel E, Wilkins JR, Coker JG, Schuman JS, 
Swanson EA and Fujimoto JG (1996): Optical coherence tomography of age-related macular 
degeneration and choroidal neovascularization. Ophthalmology 103:8: 1260-1270. 

Hemmer B, Kerschensteiner M and Korn T (2015): Role of the innate and adaptive immune 
responses in the course of multiple sclerosis. Lancet Neurol. 14:4: 406-419. 

Hickman SJ, Kapoor R, Jones SJ, Altmann DR, Plant GT and Miller DH (2003): Corticosteroids 
do not prevent optic nerve atrophy following optic neuritis. J.Neurol.Neurosurg.Psychiatry. 
74:8: 1139-1141. 

Hoch MJ, Bruno MT and Shepherd TM (2017): Advanced MRI of the Optic Nerve. 
J.Neuroophthalmol. 37:2: 187-196. 

Hoh ST, Greenfield DS, Mistlberger A, Liebmann JM, Ishikawa H and Ritch R (2000): Optical 
coherence tomography and scanning laser polarimetry in normal, ocular hypertensive, and 
glaucomatous eyes. Am.J.Ophthalmol. 129:2: 129-135. 

Hohlfeld R, Dornmair K, Meinl E and Wekerle H (2016): The search for the target antigens 
of multiple sclerosis, part 1: autoreactive CD4+ T lymphocytes as pathogenic effectors and 
therapeutic targets. Lancet Neurol. 15:2: 198-209. 

Hohlfeld R, Dornmair K, Meinl E and Wekerle H (2016): The search for the target antigens 
of multiple sclerosis, part 2: CD8+ T cells, B cells, and antibodies in the focus of reverse-
translational research. Lancet Neurol. 15:3: 317-331. 

Hokari M, Yokoseki A, Arakawa M, Saji E, Yanagawa K, Yanagimura F, Toyoshima Y, Okamoto 
K, Ueki S, Hatase T, Ohashi R, Fukuchi T, Akazawa K, Yamada M, Kakita A, Takahashi H, 
Nishizawa M and Kawachi I (2016): Clinicopathological features in anterior visual pathway in 
neuromyelitis optica. Ann.Neurol. 79:4: 605-624. 

Hollenbach JA & Oksenberg JR (2015): The immunogenetics of multiple sclerosis: A 
comprehensive review. J.Autoimmun. 64: 13-25. 

Hor JY, Lim TT, Chia YK, Ching YM, Cheah CF, Tan K, Chow HB, Arip M, Eow GB, Easaw 
PES and Leite MI (2018): Prevalence of neuromyelitis optica spectrum disorder in the multi-
ethnic Penang Island, Malaysia, and a review of worldwide prevalence. Mult Scler.Relat.
Disord. 19: 20-24. 

Houzen H, Kondo K, Niino M, Horiuchi K, Takahashi T, Nakashima I and Tanaka K (2017): 
Prevalence and clinical features of neuromyelitis optica spectrum disorders in northern Japan. 
Neurology 89:19: 1995-2001. 

Huang-Link YM, Fredrikson M and Link H (2015): Benign Multiple Sclerosis is Associated 
with Reduced Thinning of the Retinal Nerve Fiber and Ganglion Cell Layers in Non-Optic-
Neuritis Eyes. J.Clin.Neurol. 11:3: 241-247. 

Huh SY, Kim SH, Hyun JW, Joung AR, Park MS, Kim BJ and Kim HJ (2014): Mycophenolate 
mofetil in the treatment of neuromyelitis optica spectrum disorder. JAMA Neurol. 71:11: 
1372-1378. 

References



63

Hutchinson M, Waters P, McHugh J, Gorman G, O’Riordan S, Connolly S, Hager H, Yu P, 
Becker CM and Vincent A (2008): Progressive encephalomyelitis, rigidity, and myoclonus: a 
novel glycine receptor antibody. Neurology 71:16: 1291-1292. 

International HapMap Consortium (2003): The International HapMap Project. Nature 426:6968: 
789-796. 

International Multiple Sclerosis Genetics Consortium (IMSGC), Beecham AH, Patsopoulos 
NA, Xifara DK, Davis MF, Kemppinen A, Cotsapas C, Shah TS, Spencer C, Booth D, Goris 
A, Oturai A, Saarela J, Fontaine B, Hemmer B, Martin C, Zipp F, D’Alfonso S, Martinelli-
Boneschi F, Taylor B, Harbo HF, Kockum I, Hillert J, Olsson T, Ban M, Oksenberg JR, Hintzen 
R, Barcellos LF, Wellcome Trust Case Control Consortium 2 (WTCCC2), International IBD 
Genetics Consortium (IIBDGC), Agliardi C, Alfredsson L, Alizadeh M, Anderson C, Andrews 
R, Sondergaard HB, Baker A, Band G, Baranzini SE, Barizzone N, Barrett J, Bellenguez C, 
Bergamaschi L, Bernardinelli L, Berthele A, Biberacher V, Binder TM, Blackburn H, Bomfim 
IL, Brambilla P, Broadley S, Brochet B, Brundin L, Buck D, Butzkueven H, Caillier SJ, Camu 
W, Carpentier W, Cavalla P, Celius EG, Coman I, Comi G, Corrado L, Cosemans L, Cournu-
Rebeix I, Cree BA, Cusi D, Damotte V, Defer G, Delgado SR, Deloukas P, di Sapio A, Dilthey 
AT, Donnelly P, Dubois B, Duddy M, Edkins S, Elovaara I, Esposito F, Evangelou N, Fiddes B, 
Field J, Franke A, Freeman C, Frohlich IY, Galimberti D, Gieger C, Gourraud PA, Graetz C, 
Graham A, Grummel V, Guaschino C, Hadjixenofontos A, Hakonarson H, Halfpenny C, Hall 
G, Hall P, Hamsten A, Harley J, Harrower T, Hawkins C, Hellenthal G, Hillier C, Hobart J, 
Hoshi M, Hunt SE, Jagodic M, Jelcic I, Jochim A, Kendall B, Kermode A, Kilpatrick T, Koivisto 
K, Konidari I, Korn T, Kronsbein H, Langford C, Larsson M, Lathrop M, Lebrun-Frenay C, 
Lechner-Scott J, Lee MH, Leone MA, Leppa V, Liberatore G, Lie BA, Lill CM, Linden M, Link 
J, Luessi F, Lycke J, Macciardi F, Mannisto S, Manrique CP, Martin R, Martinelli V, Mason 
D, Mazibrada G, McCabe C, Mero IL, Mescheriakova J, Moutsianas L, Myhr KM, Nagels G, 
Nicholas R, Nilsson P, Piehl F, Pirinen M, Price SE, Quach H, Reunanen M, Robberecht W, 
Robertson NP, Rodegher M, Rog D, Salvetti M, Schnetz-Boutaud NC, Sellebjerg F, Selter RC, 
Schaefer C, Shaunak S, Shen L, Shields S, Siffrin V, Slee M, Sorensen PS, Sorosina M, Sospedra 
M, Spurkland A, Strange A, Sundqvist E, Thijs V, Thorpe J, Ticca A, Tienari P, van Duijn C, 
Visser EM, Vucic S, Westerlind H, Wiley JS, Wilkins A, Wilson JF, Winkelmann J, Zajicek 
J, Zindler E, Haines JL, Pericak-Vance MA, Ivinson AJ, Stewart G, Hafler D, Hauser SL, 
Compston A, McVean G, De Jager P, Sawcer SJ and McCauley JL (2013): Analysis of immune-
related loci identifies 48 new susceptibility variants for multiple sclerosis. Nat.Genet. 45:11: 
1353-1360. 

International Multiple Sclerosis Genetics Consortium, Wellcome Trust Case Control 
Consortium 2, Sawcer S, Hellenthal G, Pirinen M, Spencer CC, Patsopoulos NA, Moutsianas 
L, Dilthey A, Su Z, Freeman C, Hunt SE, Edkins S, Gray E, Booth DR, Potter SC, Goris A, 
Band G, Oturai AB, Strange A, Saarela J, Bellenguez C, Fontaine B, Gillman M, Hemmer B, 
Gwilliam R, Zipp F, Jayakumar A, Martin R, Leslie S, Hawkins S, Giannoulatou E, D’alfonso 
S, Blackburn H, Martinelli Boneschi F, Liddle J, Harbo HF, Perez ML, Spurkland A, Waller 
MJ, Mycko MP, Ricketts M, Comabella M, Hammond N, Kockum I, McCann OT, Ban M, 
Whittaker P, Kemppinen A, Weston P, Hawkins C, Widaa S, Zajicek J, Dronov S, Robertson 
N, Bumpstead SJ, Barcellos LF, Ravindrarajah R, Abraham R, Alfredsson L, Ardlie K, Aubin 
C, Baker A, Baker K, Baranzini SE, Bergamaschi L, Bergamaschi R, Bernstein A, Berthele A, 
Boggild M, Bradfield JP, Brassat D, Broadley SA, Buck D, Butzkueven H, Capra R, Carroll 
WM, Cavalla P, Celius EG, Cepok S, Chiavacci R, Clerget-Darpoux F, Clysters K, Comi G, 
Cossburn M, Cournu-Rebeix I, Cox MB, Cozen W, Cree BA, Cross AH, Cusi D, Daly MJ, 

References



64

Davis E, de Bakker PI, Debouverie M, D’hooghe MB, Dixon K, Dobosi R, Dubois B, Ellinghaus 
D, Elovaara I, Esposito F, Fontenille C, Foote S, Franke A, Galimberti D, Ghezzi A, Glessner 
J, Gomez R, Gout O, Graham C, Grant SF, Guerini FR, Hakonarson H, Hall P, Hamsten A, 
Hartung HP, Heard RN, Heath S, Hobart J, Hoshi M, Infante-Duarte C, Ingram G, Ingram 
W, Islam T, Jagodic M, Kabesch M, Kermode AG, Kilpatrick TJ, Kim C, Klopp N, Koivisto 
K, Larsson M, Lathrop M, Lechner-Scott JS, Leone MA, Leppa V, Liljedahl U, Bomfim IL, 
Lincoln RR, Link J, Liu J, Lorentzen AR, Lupoli S, Macciardi F, Mack T, Marriott M, Martinelli 
V, Mason D, McCauley JL, Mentch F, Mero IL, Mihalova T, Montalban X, Mottershead J, Myhr 
KM, Naldi P, Ollier W, Page A, Palotie A, Pelletier J, Piccio L, Pickersgill T, Piehl F, Pobywajlo 
S, Quach HL, Ramsay PP, Reunanen M, Reynolds R, Rioux JD, Rodegher M, Roesner S, Rubio 
JP, Ruckert IM, Salvetti M, Salvi E, Santaniello A, Schaefer CA, Schreiber S, Schulze C, Scott 
RJ, Sellebjerg F, Selmaj KW, Sexton D, Shen L, Simms-Acuna B, Skidmore S, Sleiman PM, 
Smestad C, Sorensen PS, Sondergaard HB, Stankovich J, Strange RC, Sulonen AM, Sundqvist 
E, Syvänen AC, Taddeo F, Taylor B, Blackwell JM, Tienari P, Bramon E, Tourbah A, Brown MA, 
Tronczynska E, Casas JP, Tubridy N, Corvin A, Vickery J, Jankowski J, Villoslada P, Markus 
HS, Wang K, Mathew CG, Wason J, Palmer CN, Wichmann HE, Plomin R, Willoughby E, 
Rautanen A, Winkelmann J, Wittig M, Trembath RC, Yaouanq J, Viswanathan AC, Zhang H, 
Wood NW, Zuvich R, Deloukas P, Langford C, Duncanson A, Oksenberg JR, Pericak-Vance 
MA, Haines JL, Olsson T, Hillert J, Ivinson AJ, De Jager PL, Peltonen L, Stewart GJ, Hafler DA, 
Hauser SL, McVean G, Donnelly P and Compston A (2011): Genetic risk and a primary role 
for cell-mediated immune mechanisms in multiple sclerosis. Nature 476:7359: 214-219. 

International Multiple Sclerosis Genetics, Consorti, Nikolaos P, Sergio B and Adam S (2017): 
The Multiple Sclerosis Genomic Map: Role of peripheral immune cells and resident microglia 
in susceptibility. bioRxiv. 

Isobe N, Yonekawa T, Matsushita T, Kawano Y, Masaki K, Yoshimura S, Fichna J, Chen S, 
Furmaniak J, Smith BR and Kira J (2012): Quantitative assays for anti-aquaporin-4 antibody 
with subclass analysis in neuromyelitis optica. Mult.Scler. 18:11: 1541-1551. 

Jacob A, McKeon A, Nakashima I, Sato DK, Elsone L, Fujihara K and de Seze J (2013): Current 
concept of neuromyelitis optica (NMO) and NMO spectrum disorders. J.Neurol.Neurosurg.
Psychiatry. 84:8: 922-930. 

Jacob A, Panicker J, Lythgoe D, Elsone L, Mutch K, Wilson M, Das K and Boggild M (2013): 
The epidemiology of neuromyelitis optica amongst adults in the Merseyside county of United 
Kingdom. J.Neurol. 260:8: 2134-2137. 

Jakkula E, Leppa V, Sulonen AM, Varilo T, Kallio S, Kemppinen A, Purcell S, Koivisto K, Tienari 
P, Sumelahti ML, Elovaara I, Pirttila T, Reunanen M, Aromaa A, Oturai AB, Sondergaard 
HB, Harbo HF, Mero IL, Gabriel SB, Mirel DB, Hauser SL, Kappos L, Polman C, De Jager PL, 
Hafler DA, Daly MJ, Palotie A, Saarela J and Peltonen L (2010): Genome-wide association 
study in a high-risk isolate for multiple sclerosis reveals associated variants in STAT3 gene. 
Am.J.Hum.Genet. 86:2: 285-291. 

Jarius S, Franciotta D, Bergamaschi R, Wright H, Littleton E, Palace J, Hohlfeld R and Vincent 
A (2007): NMO-IgG in the diagnosis of neuromyelitis optica. Neurology 68:13: 1076-1077. 

Jarius S, Paul F, Aktas O, Asgari N, Dale RC, de Seze J, Franciotta D, Fujihara K, Jacob A, Kim 
HJ, Kleiter I, Kumpfel T, Levy M, Palace J, Ruprecht K, Saiz A, Trebst C, Weinshenker BG and 
Wildemann B (2018): MOG encephalomyelitis: international recommendations on diagnosis 
and antibody testing. J.Neuroinflammation 15:1: 134-018-1144-2. 

References



65

Jersild C & Fog T (1972): Histocompatibility (HL-A) antigens associated with multiple sclerosis. 
Acta Neurol.Scand.Suppl. 51: 377. 

Jersild C, Svejgaard A and Fog T (1972): HL-A antigens and multiple sclerosis. Lancet 1:7762: 
1240-1241. 

Jia Y, Wei E, Wang X, Zhang X, Morrison JC, Parikh M, Lombardi LH, Gattey DM, Armour RL, 
Edmunds B, Kraus MF, Fujimoto JG and Huang D (2014): Optical coherence tomography 
angiography of optic disc perfusion in glaucoma. Ophthalmology 121:7: 1322-1332. 

Jiang W, Chai NR, Maric D and Bielekova B (2011): Unexpected role for granzyme K in 
CD56bright NK cell-mediated immunoregulation of multiple sclerosis. J.Immunol. 187:2: 
781-790. 

Jin Y, de Pedro-Cuesta J, Soderström M, Stawiarz L and Link H (2000): Seasonal patterns in 
optic neuritis and multiple sclerosis: a meta-analysis. J.Neurol.Sci. 181:1-2: 56-64. 

Jin YP, de Pedro-Cuesta J, Soderström M and Link H (1999): Incidence of optic neuritis in 
Stockholm, Sweden, 1990-1995: II. Time and space patterns. Arch.Neurol. 56:8: 975-980. 

Jin YP, de Pedro-Cuesta J, Soderström M, Stawiarz L and Link H (1998): Incidence of optic 
neuritis in Stockholm, Sweden 1990-1995: I. Age, sex, birth and ethnic-group related patterns. 
J.Neurol.Sci. 159:1: 107-114. 

Johnson DE, O’Keefe RA and Grandis JR (2018): Targeting the IL-6/JAK/STAT3 signalling axis 
in cancer. Nat.Rev.Clin.Oncol. 15:4: 234-248. 

Johnson KP, Brooks BR, Cohen JA, Ford CC, Goldstein J, Lisak RP, Myers LW, Panitch HS, 
Rose JW and Schiffer RB (1995): Copolymer 1 reduces relapse rate and improves disability 
in relapsing-remitting multiple sclerosis: results of a phase III multicenter, double-blind 
placebo-controlled trial. The Copolymer 1 Multiple Sclerosis Study Group. Neurology 45:7: 
1268-1276. 

Jones K, Wockner L, Brennan RM, Keane C, Chattopadhyay PK, Roederer M, Price DA, Cole 
DK, Hassan B, Beck K, Gottlieb D, Ritchie DS, Seymour JF, Vari F, Crooks P, Burrows SR and 
Gandhi MK (2016): The impact of HLA class I and EBV latency-II antigen-specific CD8(+) T 
cells on the pathogenesis of EBV(+) Hodgkin lymphoma. Clin.Exp.Immunol. 183:2: 206-220. 

Julia A, Lopez-Longo FJ, Perez Venegas JJ, Bonas-Guarch S, Olive A, Andreu JL, Aguirre-
Zamorano MA, Vela P, Nolla JM, de la Fuente JLM, Zea A, Pego-Reigosa JM, Freire M, Diez 
E, Rodriguez-Almaraz E, Carreira P, Blanco R, Taboada VM, Lopez-Lasanta M, Corbeto ML, 
Mercader JM, Torrents D, Absher D, Marsal S and Fernandez-Nebro A (2018): Genome-wide 
association study meta-analysis identifies five new loci for systemic lupus erythematosus. 
Arthritis Res.Ther. 20:1: 100-018-1604-1. 

Jurynczyk M, Messina S, Woodhall MR, Raza N, Everett R, Roca-Fernandez A, Tackley G, 
Hamid S, Sheard A, Reynolds G, Chandratre S, Hemingway C, Jacob A, Vincent A, Leite MI, 
Waters P and Palace J (2017): Clinical presentation and prognosis in MOG-antibody disease: 
a UK study. Brain 140:12: 3128-3138. 

Kakalacheva K, Regenass S, Wiesmayr S, Azzi T, Berger C, Dale RC, Brilot F, Munz C, Rostasy 
K, Nadal D and Lunemann JD (2016): Infectious Mononucleosis Triggers Generation of IgG 
Auto-Antibodies against Native Myelin Oligodendrocyte Glycoprotein. Viruses 8:2: 10.3390/
v8020051. 

References



66

Kallenbach K & Frederiksen J (2007): Optical coherence tomography in optic neuritis and 
multiple sclerosis: a review. Eur.J.Neurol. 14:8: 841-849. 

Kallio-Laine K, Seppänen M, Aittoniemi J, Kautiainen H, Seppälä I, Valtonen V, Farkkila M, 
Kalso E and Lokki ML (2010): HLA-DRB1*01 allele and low plasma immunoglobulin G1 
concentration may predispose to herpes-associated recurrent lymphocytic meningitis. Hum.
Immunol. 71:2: 179-181. 

Kappos L, Edan G, Freedman MS, Montalban X, Hartung HP, Hemmer B, Fox EJ, Barkhof 
F, Schippling S, Schulze A, Pleimes D, Pohl C, Sandbrink R, Suarez G, Wicklein EM and 
BENEFIT Study Group (2016): The 11-year long-term follow-up study from the randomized 
BENEFIT CIS trial. Neurology 87:10: 978-987. 

Kappos L, Radue EW, O’Connor P, Polman C, Hohlfeld R, Calabresi P, Selmaj K, Agoropoulou 
C, Leyk M, Zhang-Auberson L, Burtin P and FREEDOMS Study Group (2010): A placebo-
controlled trial of oral fingolimod in relapsing multiple sclerosis. N.Engl.J.Med. 362:5: 
387-401. 

Karma A & Mustonen EMA (1985): Optic nerve involvement in sarcoidosis. Neuro-
Ophthalmology 5:4: 231-245. 

Katz B (1995): The dyschromatopsia of optic neuritis: a descriptive analysis of data from the 
optic neuritis treatment trial. Trans.Am.Ophthalmol.Soc. 93: 685-708. 

Kawachi I & Lassmann H (2017): Neurodegeneration in multiple sclerosis and neuromyelitis 
optica. J.Neurol.Neurosurg.Psychiatry. 88:2: 137-145. 

Keltner JL, Johnson CA, Cello KE, Dontchev M, Gal RL, Beck RW and Optic Neuritis Study 
Group (2010): Visual field profile of optic neuritis: a final follow-up report from the optic 
neuritis treatment trial from baseline through 15 years. Arch.Ophthalmol. 128:3: 330-337. 

Kessler RA, Mealy MA and Levy M (2016): Treatment of Neuromyelitis Optica Spectrum 
Disorder: Acute, Preventive, and Symptomatic. Curr.Treat.Options Neurol. 18:1: 
2-015-0387-9. 

Kezuka T, Usui Y, Yamakawa N, Matsunaga Y, Matsuda R, Masuda M, Utsumi H, Tanaka K 
and Goto H (2012): Relationship between NMO-antibody and anti-MOG antibody in optic 
neuritis. J.Neuroophthalmol. 32:2: 107-110. 

Kim HJ, Paul F, Lana-Peixoto MA, Tenembaum S, Asgari N, Palace J, Klawiter EC, Sato DK, de 
Seze J, Wuerfel J, Banwell BL, Villoslada P, Saiz A, Fujihara K, Kim SH and Guthy-Jackson 
Charitable Foundation NMO International Clinical Consortium & Biorepository (2015): MRI 
characteristics of neuromyelitis optica spectrum disorder: an international update. Neurology 
84:11: 1165-1173. 

Kim JL, Mendoza PR, Rashid A, Hayek B and Grossniklaus HE (2015): Optic nerve lymphoma: 
report of two cases and review of the literature. Surv.Ophthalmol. 60:2: 153-165. 

Kim SH, Kim W, Li XF, Jung IJ and Kim HJ (2011): Repeated treatment with rituximab based 
on the assessment of peripheral circulating memory B cells in patients with relapsing 
neuromyelitis optica over 2 years. Arch.Neurol. 68:11: 1412-1420. 

Kimbrough DJ, Fujihara K, Jacob A, Lana-Peixoto MA, Leite MI, Levy M, Marignier R, 
Nakashima I, Palace J, de Seze J, Stuve O, Tenembaum SN, Traboulsee A, Waubant E, 

References



67

Weinshenker BG, Wingerchuk DM and GJCF-CC&BR (2012): Treatment of Neuromyelitis 
Optica: Review and Recommendations. Mult Scler.Relat.Disord. 1:4: 180-187. 

Kinnunen E (1983): The incidence of optic neuritis and its prognosis for multiple sclerosis. Acta 
Neurol.Scand. 68:6: 371-377. 

Kircher M, Witten DM, Jain P, O’Roak BJ, Cooper GM and Shendure J (2014): A general 
framework for estimating the relative pathogenicity of human genetic variants. Nat.Genet. 
46:3: 310-315. 

Kissmeyer-Nielsen F & Thorsby E (1969): Human transplantation antigens. Appendix: current 
methods in histocompatibility testing. Transplant.Rev. 4: 1-76. 

Kitley J, Waters P, Woodhall M, Leite MI, Murchison A, George J, Kuker W, Chandratre S, 
Vincent A and Palace J (2014): Neuromyelitis optica spectrum disorders with aquaporin-4 
and myelin-oligodendrocyte glycoprotein antibodies: a comparative study. JAMA Neurol. 
71:3: 276-283. 

Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, Henning AK, SanGiovanni JP, Mane 
SM, Mayne ST, Bracken MB, Ferris FL, Ott J, Barnstable C and Hoh J (2005): Complement 
factor H polymorphism in age-related macular degeneration. Science 308:5720: 385-389. 

Kleiter I & Gold R (2016): Present and Future Therapies in Neuromyelitis Optica Spectrum 
Disorders. Neurotherapeutics 13:1: 70-83. 

Klistorner A, Chai Y, Leocani L, Albrecht P, Aktas O, Butzkueven H, Ziemssen T, Ziemssen F, 
Frederiksen J, Xu L, Cadavid D and RENEW MF-VEP Investigators (2018): Assessment of 
Opicinumab in Acute Optic Neuritis Using Multifocal Visual Evoked Potential. CNS Drugs. 

Kollaee A, Ghaffarpor M, Ghlichnia HA, Ghaffari SH and Zamani M (2012): The influence of 
the HLA-DRB1 and HLA-DQB1 allele heterogeneity on disease risk and severity in Iranian 
patients with multiple sclerosis. Int.J.Immunogenet. 39:5: 414-422. 

Koskela HL, Eldfors S, Ellonen P, van Adrichem AJ, Kuusanmäki H, Andersson EI, Lagström 
S, Clemente MJ, Olson T, Jalkanen SE, Majumder MM, Almusa H, Edgren H, Lepisto M, 
Mattila P, Guinta K, Koistinen P, Kuittinen T, Penttinen K, Parsons A, Knowles J, Saarela J, 
Wennerberg K, Kallioniemi O, Porkka K, Loughran TP,Jr, Heckman CA, Maciejewski JP 
and Mustjoki S (2012): Somatic STAT3 mutations in large granular lymphocytic leukemia. 
N.Engl.J.Med. 366:20: 1905-1913. 

Kreft KL, Verbraak E, Wierenga-Wolf AF, van Meurs M, Oostra BA, Laman JD and Hintzen RQ 
(2012): Decreased systemic IL-7 and soluble IL-7Ralpha in multiple sclerosis patients. Genes 
Immun. 13:7: 587-592. 

Kuokkanen S, Gschwend M, Rioux JD, Daly MJ, Terwilliger JD, Tienari PJ, Wikström J, Palo 
J, Stein LD, Hudson TJ, Lander ES and Peltonen L (1997): Genomewide scan of multiple 
sclerosis in Finnish multiplex families. Am.J.Hum.Genet. 61:6: 1379-1387. 

Kuokkanen S, Sundvall M, Terwilliger JD, Tienari PJ, Wikström J, Holmdahl R, Pettersson U 
and Peltonen L (1996): A putative vulnerability locus to multiple sclerosis maps to 5p14-p12 
in a region syntenic to the murine locus Eae2. Nat.Genet. 13:4: 477-480. 

Kupersmith MJ, Alban T, Zeiffer B and Lefton D (2002): Contrast-enhanced MRI in acute optic 
neuritis: relationship to visual performance. Brain 125:Pt 4: 812-822. 

References



68

Kuusisto H, Kaprio J, Kinnunen E, Luukkaala T, Koskenvuo M and Elovaara I (2008): 
Concordance and heritability of multiple sclerosis in Finland: study on a nationwide series of 
twins. Eur.J.Neurol. 15:10: 1106-1110. 

Langer-Gould A, Brara SM, Beaber BE and Zhang JL (2014): The incidence of clinically isolated 
syndrome in a multi-ethnic cohort. J.Neurol. 261:7: 1349-1355. 

Langer-Gould A, Brara SM, Beaber BE and Zhang JL (2013): Incidence of multiple sclerosis in 
multiple racial and ethnic groups. Neurology 80:19: 1734-1739. 

Lassmann H, Niedobitek G, Aloisi F, Middeldorp JM and NeuroproMiSe EBV Working Group 
(2011): Epstein-Barr virus in the multiple sclerosis brain: a controversial issue--report on a 
focused workshop held in the Centre for Brain Research of the Medical University of Vienna, 
Austria. Brain 134:Pt 9: 2772-2786. 

Lee AG, Johnson MC, Policeni BA and Smoker WR (2009): Imaging for neuro-ophthalmic and 
orbital disease - a review. Clin.Exp.Ophthalmol. 37:1: 30-53. 

Lee DH, Laemmer AB, Waschbisch A, Struffert T, Maihofner C, Schwab S and Linker RA 
(2014): Neuromyelitis optica presenting with relapses under treatment with natalizumab: a 
case report. J.Med.Case Rep. 8: 155-1947-8-155. 

Lee JY, So TY and Thackray J (2013): A review on vitamin d deficiency treatment in pediatric 
patients. J.Pediatr.Pharmacol.Ther. 18:4: 277-291. 

Lee KM, Woo SJ and Hwang JM (2011): Differentiation of optic nerve head drusen and optic 
disc edema with spectral-domain optical coherence tomography. Ophthalmology 118:5: 
971-977. 

Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF, Fujihara K, Nakashima 
I and Weinshenker BG (2004): A serum autoantibody marker of neuromyelitis optica: 
distinction from multiple sclerosis. Lancet 364:9451: 2106-2112. 

Levin N, Devereux M, Bick A, Baker N and Green A (2019): Color perception impairment 
following optic neuritis and its association with retinal atrophy. J.Neurol. 

Li H & Durbin R (2009): Fast and accurate short read alignment with Burrows-Wheeler 
transform. Bioinformatics 25:14: 1754-1760. 

Lim SA, Goh KY, Tow S, Fu E, Wong TY, Seah A, Tan C and Cullen JF (2008): Optic neuritis in 
Singapore. Singapore Med.J. 49:9: 667-671. 

Lim SA, Wong WL, Fu E, Goh KY, Seah A, Tan C, Tow S, Cullen JF and Wong TY (2009): The 
incidence of neuro-ophthalmic diseases in Singapore: a prospective study in public hospitals. 
Ophthalmic Epidemiol. 16:2: 65-73. 

Lin N, Liu Q, Wang X, Ma J and Li Y (2017): Role of AQP4 Antibody Serostatus and its 
Prediction of Visual Outcome in Neuromyelitis Optica: A Systematic Review and Meta-
Analysis. Protein Pept.Lett. 24:3: 245-252. 

Link H & Stendahl-Brodin L (1983): Optic neuritis and multiple sclerosis. N.Engl.J.Med. 308:21: 
1294-1295. 

Liu H, Huang J, Dou M, Liu Y, Xiao B, Liu X and Huang Z (2017): Variants in the IL7RA gene 
confer susceptibility to multiple sclerosis in Caucasians: evidence based on 9734 cases and 
10436 controls. Sci.Rep. 7:1: 1207-017-01345-8. 

References



69

Lončarek K, Brajac I, Petriček I, Štalekar H, Cerovski B and Pokupe R (2005): Epidemiology 
of monosymptomatic optic neuritis in Rijeka County, Croatia: meteorological aspects. Coll.
Antropol. 29:1: 309-313. 

Longbrake EE, Lancia S, Tutlam N, Trinkaus K and Naismith RT (2016): Quantitative visual 
tests after poorly recovered optic neuritis due to multiple sclerosis. Mult Scler.Relat.Disord. 
10: 198-203. 

Lossius A, Johansen JN, Vartdal F, Robins H, Jurate Saltyte B, Holmoy T and Olweus J (2014): 
High-throughput sequencing of TCR repertoires in multiple sclerosis reveals intrathecal 
enrichment of EBV-reactive CD8+ T cells. Eur.J.Immunol. 44:11: 3439-3452. 

Lundmark F, Duvefelt K, Iacobaeus E, Kockum I, Wallström E, Khademi M, Oturai A, Ryder 
LP, Saarela J, Harbo HF, Celius EG, Salter H, Olsson T and Hillert J (2007): Variation in 
interleukin 7 receptor alpha chain (IL7R) influences risk of multiple sclerosis. Nat.Genet. 
39:9: 1108-1113. 

Mandler RN, Davis LE, Jeffery DR and Kornfeld M (1993): Devic’s neuromyelitis optica: a 
clinicopathological study of 8 patients. Ann.Neurol. 34:2: 162-168. 

Martinez-Lapiscina EH, Fraga-Pumar E, Pastor X, Gomez M, Conesa A, Lozano-Rubi R, 
Sanchez-Dalmau B, Alonso A and Villoslada P (2014): Is the incidence of optic neuritis 
rising? Evidence from an epidemiological study in Barcelona (Spain), 2008-2012. J.Neurol. 
261:4: 759-767. 

Matiello M, Kim HJ, Kim W, Brum DG, Barreira AA, Kingsbury DJ, Plant GT, Adoni T and 
Weinshenker BG (2010): Familial neuromyelitis optica. Neurology 75:4: 310-315. 

Matsushita T, Matsuoka T, Isobe N, Kawano Y, Minohara M, Shi N, Nishimura Y, Ochi H and 
Kira J (2009): Association of the HLA-DPB1*0501 allele with anti-aquaporin-4 antibody 
positivity in Japanese patients with idiopathic central nervous system demyelinating disorders. 
Tissue Antigens 73:2: 171-176. 

McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, Kernytsky A, Garimella K, 
Altshuler D, Gabriel S, Daly M and DePristo MA (2010): The Genome Analysis Toolkit: a 
MapReduce framework for analyzing next-generation DNA sequencing data. Genome Res. 
20:9: 1297-1303. 

McLaughlin L, Clarke L, Khalilidehkordi E, Butzkueven H, Taylor B and Broadley SA (2018): 
Vitamin D for the treatment of multiple sclerosis: a meta-analysis. J.Neurol. 265:12: 2893-2905. 

Metz LM, Li DKB, Traboulsee AL, Duquette P, Eliasziw M, Cerchiaro G, Greenfield J, 
Riddehough A, Yeung M, Kremenchutzky M, Vorobeychik G, Freedman MS, Bhan V, Blevins 
G, Marriott JJ, Grand’Maison F, Lee L, Thibault M, Hill MD, Yong VW and Minocycline in 
MS Study Team (2017): Trial of Minocycline in a Clinically Isolated Syndrome of Multiple 
Sclerosis. N.Engl.J.Med. 376:22: 2122-2133. 

Metz LM, Zhang Y, Yeung M, Patry DG, Bell RB, Stoian CA, Yong VW, Patten SB, Duquette 
P, Antel JP and Mitchell JR (2004): Minocycline reduces gadolinium-enhancing magnetic 
resonance imaging lesions in multiple sclerosis. Ann.Neurol. 55:5: 756. 

Metzker ML (2010): Sequencing technologies - the next generation. Nat.Rev.Genet. 11:1: 31-46. 

Miller DH, Khan OA, Sheremata WA, Blumhardt LD, Rice GP, Libonati MA, Willmer-Hulme 
AJ, Dalton CM, Miszkiel KA, O’Connor PW and International Natalizumab Multiple 

References



70

Sclerosis Trial Group (2003): A controlled trial of natalizumab for relapsing multiple sclerosis. 
N.Engl.J.Med. 348:1: 15-23. 

Miller DH, Newton MR, van der Poel JC, du Boulay EP, Halliday AM, Kendall BE, Johnson G, 
MacManus DG, Moseley IF and McDonald WI (1988): Magnetic resonance imaging of the 
optic nerve in optic neuritis. Neurology 38:2: 175-179. 

Milo R & Miller A (2014): Revised diagnostic criteria of multiple sclerosis. Autoimmun.Rev. 
13:4-5: 518-524. 

Min JH, Kim BJ and Lee KH (2012): Development of extensive brain lesions following 
fingolimod (FTY720) treatment in a patient with neuromyelitis optica spectrum disorder. 
Mult.Scler. 18:1: 113-115. 

Misu T, Fujihara K, Kakita A, Konno H, Nakamura M, Watanabe S, Takahashi T, Nakashima 
I, Takahashi H and Itoyama Y (2007): Loss of aquaporin 4 in lesions of neuromyelitis optica: 
distinction from multiple sclerosis. Brain 130:Pt 5: 1224-1234. 

Misu T, Takano R, Fujihara K, Takahashi T, Sato S and Itoyama Y (2009): Marked increase in 
cerebrospinal fluid glial fibrillar acidic protein in neuromyelitis optica: an astrocytic damage 
marker. J.Neurol.Neurosurg.Psychiatry. 80:5: 575-577. 

Moerloose P, Jeannet M, Martins-da-Silva B, Werner-Favre C, Rohr J and Gauthier G (1979): 
Increased frequency of HLA--DRw2 and DRw3 in multiple sclerosis. Tissue Antigens 13:5: 
357-360. 

Molyneux EM, Rochford R, Griffin B, Newton R, Jackson G, Menon G, Harrison CJ, Israels T 
and Bailey S (2012): Burkitt’s lymphoma. Lancet 379:9822: 1234-1244. 

Morales DS, Siatkowski RM, Howard CW and Warman R (2000): Optic neuritis in children. 
J.Pediatr.Ophthalmol.Strabismus 37:5: 254-259. 

Morton NE (1955): Sequential tests for the detection of linkage. Am.J.Hum.Genet. 7:3: 277-318. 

Mowry EM, Azevedo CJ, McCulloch CE, Okuda DT, Lincoln RR, Waubant E, Hauser SL and 
Pelletier D (2018): Body mass index, but not vitamin D status, is associated with brain volume 
change in MS. Neurology. 

Nakajima H, Motomura M, Tanaka K, Fujikawa A, Nakata R, Maeda Y, Shima T, Mukaino 
A, Yoshimura S, Miyazaki T, Shiraishi H, Kawakami A and Tsujino A (2015): Antibodies 
to myelin oligodendrocyte glycoprotein in idiopathic optic neuritis. BMJ Open 5:4: 
e007766-2015-007766. 

Natarajan K, Jiang J, May NA, Mage MG, Boyd LF, McShan AC, Sgourakis NG, Bax A and 
Margulies DH (2018): The Role of Molecular Flexibility in Antigen Presentation and T Cell 
Receptor-Mediated Signaling. Front.Immunol. 9: 1657. 

Naumovska M, Sheikh R, Bengtsson B, Malmsjo M and Hammar B (2018): Visual outcome is 
similar in optic neuritis patients treated with oral and i.v. high-dose methylprednisolone: a 
retrospective study on 56 patients. BMC Neurol. 18:1: 160-018-1165-6. 

Niens M, Jarrett RF, Hepkema B, Nolte IM, Diepstra A, Platteel M, Kouprie N, Delury CP, 
Gallagher A, Visser L, Poppema S, te Meerman GJ and van den Berg A (2007): HLA-A*02 
is associated with a reduced risk and HLA-A*01 with an increased risk of developing EBV+ 
Hodgkin lymphoma. Blood 110:9: 3310-3315. 

References



71

Nilsson P, Larsson EM, Maly-Sundgren P, Perfekt R and Sandberg-Wollheim M (2005): 
Predicting the outcome of optic neuritis: evaluation of risk factors after 30 years of follow-up. 
J.Neurol. 252:4: 396-402. 

Oberwahrenbrock T, Schippling S, Ringelstein M, Kaufhold F, Zimmermann H, Keser N, 
Young KL, Harmel J, Hartung HP, Martin R, Paul F, Aktas O and Brandt AU (2012): Retinal 
damage in multiple sclerosis disease subtypes measured by high-resolution optical coherence 
tomography. Mult Scler.Int. 2012: 530305. 

Oksi J, Seppälä J and Hytönen J (2013): Borrelia Burgdorfer and Lyme’s borreliosis. 
Infektiosairaudet – Mikrobiologia, immunologia ja infektiosairaudet. Duodecim– handbook 
in Finnish. 

Ono T, Zambenedetti MR, Yamasaki K, Kawano Y, Kamikawaji N, Ito H, Sakurai M, Nishimura 
Y, Kira J, Kanazawa I and Sasazuki T (1998): Molecular analysis of HLA class I (HLA-A and 
-B) and HLA class II (HLA-DRB1) genes in Japanese patients with multiple sclerosis (Western 
type and Asian type). Tissue Antigens 52:6: 539-542. 

Optic Neuritis Study Group (1997): The 5-year risk of MS after optic neuritis. Experience of the 
optic neuritis treatment trial. Neurology 49:5: 1404-1413. 

Optic Neuritis Study Group (2008): Visual function 15 years after optic neuritis: a final follow-up 
report from the Optic Neuritis Treatment Trial. Ophthalmology 115:6: 1079-1082.e5. 

Ouyang S, Han G, Wu X, Jiang Z and Feng JM (2016): Accelerated progression of Hodgkin’s-like 
lymphomas in golli deficient SJL mice. Cell.Immunol. 302: 41-49. 

Panitch HS, Hirsch RL, Schindler J and Johnson KP (1987): Treatment of multiple sclerosis with 
gamma interferon: exacerbations associated with activation of the immune system. Neurology 
37:7: 1097-1102. 

Patil N, Berno AJ, Hinds DA, Barrett WA, Doshi JM, Hacker CR, Kautzer CR, Lee DH, 
Marjoribanks C, McDonough DP, Nguyen BT, Norris MC, Sheehan JB, Shen N, Stern D, 
Stokowski RP, Thomas DJ, Trulson MO, Vyas KR, Frazer KA, Fodor SP and Cox DR (2001): 
Blocks of limited haplotype diversity revealed by high-resolution scanning of human 
chromosome 21. Science 294:5547: 1719-1723. 

Patsopoulos NA, Barcellos LF, Hintzen RQ, Schaefer C, van Duijn CM, Noble JA, Raj T, IMSGC, 
ANZgene, Gourraud PA, Stranger BE, Oksenberg J, Olsson T, Taylor BV, Sawcer S, Hafler DA, 
Carrington M, De Jager PL and de Bakker PI (2013): Fine-mapping the genetic association of 
the major histocompatibility complex in multiple sclerosis: HLA and non-HLA effects. PLoS 
Genet. 9:11: e1003926. 

Pellkofer HL, Krumbholz M, Berthele A, Hemmer B, Gerdes LA, Havla J, Bittner R, Canis 
M, Meinl E, Hohlfeld R and Kuempfel T (2011): Long-term follow-up of patients with 
neuromyelitis optica after repeated therapy with rituximab. Neurology 76:15: 1310-1315. 

Pihlaja H, Rantamäki T, Wikström J, Sumelahti ML, Laaksonen M, Ilonen J, Ruutiainen J, Pirttilä 
T, Elovaara I, Reunanen M, Kuokkanen S, Peltonen L, Koivisto K and Tienari PJ (2003): 
Linkage disequilibrium between the MBP tetranucleotide repeat and multiple sclerosis is 
restricted to a geographically defined subpopulation in Finland. Genes Immun. 4:2: 138-146. 

Pihl-Jensen G, Schmidt MF and Frederiksen JL (2017): Multifocal visual evoked potentials in 
optic neuritis and multiple sclerosis: A review. Clin.Neurophysiol. 128:7: 1234-1245. 

References



72

Plant D, Wilson AG and Barton A (2014): Genetic and epigenetic predictors of responsiveness 
to treatment in RA. Nat.Rev.Rheumatol. 10:6: 329-337. 

Pohl D (2009): Epstein-Barr virus and multiple sclerosis. J.Neurol.Sci. 286:1-2: 62-64. 

Polman CH, O’Connor PW, Havrdova E, Hutchinson M, Kappos L, Miller DH, Phillips JT, 
Lublin FD, Giovannoni G, Wajgt A, Toal M, Lynn F, Panzara MA, Sandrock AW and AFFIRM 
Investigators (2006): A randomized, placebo-controlled trial of natalizumab for relapsing 
multiple sclerosis. N.Engl.J.Med. 354:9: 899-910. 

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, Fujihara K, Havrdova 
E, Hutchinson M, Kappos L, Lublin FD, Montalban X, O’Connor P, Sandberg-Wollheim M, 
Thompson AJ, Waubant E, Weinshenker B and Wolinsky JS (2011): Diagnostic criteria for 
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann.Neurol. 69:2: 292-302. 

Popescu BF, Guo Y, Jentoft ME, Parisi JE, Lennon VA, Pittock SJ, Weinshenker BG, Wingerchuk 
DM, Giannini C, Metz I, Bruck W, Shuster EA, Carter J, Boyd CD, Clardy SL, Cohen BA 
and Lucchinetti CF (2015): Diagnostic utility of aquaporin-4 in the analysis of active 
demyelinating lesions. Neurology 84:2: 148-158. 

Popiel M, Psujek M and Bartosik-Psujek H (2018): Severe disease exacerbation in a patient with 
neuromyelitis optica spectrum disorder during treatment with dimethyl fumarate. Mult Scler.
Relat.Disord. 26: 204-206. 

Popovic N, Schubart A, Goetz BD, Zhang SC, Linington C and Duncan ID (2002): Inhibition of 
autoimmune encephalomyelitis by a tetracycline. Ann.Neurol. 51:2: 215-223. 

Poser CM (1994): The dissemination of multiple sclerosis: a Viking saga? A historical essay. 
Ann.Neurol. 36 Suppl 2: S231-43. 

Poser CM (1995): Viking voyages: the origin of multiple sclerosis? An essay in medical history. 
Acta Neurol.Scand.Suppl. 161: 11-22. 

Price AM & Luftig MA (2014): Dynamic Epstein-Barr virus gene expression on the path to 
B-cell transformation. Adv.Virus Res. 88: 279-313. 

Rajala HL, Olson T, Clemente MJ, Lagström S, Ellonen P, Lundan T, Hamm DE, Zaman SA, 
Lopez Marti JM, Andersson EI, Jerez A, Porkka K, Maciejewski JP, Loughran TP and Mustjoki 
S (2015): The analysis of clonal diversity and therapy responses using STAT3 mutations as a 
molecular marker in large granular lymphocytic leukemia. Haematologica 100:1: 91-99. 

Ramagopalan SV, Dyment DA, Cader MZ, Morrison KM, Disanto G, Morahan JM, Berlanga-
Taylor AJ, Handel A, De Luca GC, Sadovnick AD, Lepage P, Montpetit A and Ebers GC 
(2011): Rare variants in the CYP27B1 gene are associated with multiple sclerosis. Ann.Neurol. 
70:6: 881-886. 

Ramagopalan SV, Maugeri NJ, Handunnetthi L, Lincoln MR, Orton SM, Dyment DA, Deluca 
GC, Herrera BM, Chao MJ, Sadovnick AD, Ebers GC and Knight JC (2009): Expression of the 
multiple sclerosis-associated MHC class II Allele HLA-DRB1*1501 is regulated by vitamin D. 
PLoS Genet. 5:2: e1000369. 

Ramanathan S, Reddel SW, Henderson A, Parratt JD, Barnett M, Gatt PN, Merheb V, Kumaran 
RY, Pathmanandavel K, Sinmaz N, Ghadiri M, Yiannikas C, Vucic S, Stewart G, Bleasel AF, 
Booth D, Fung VS, Dale RC and Brilot F (2014): Antibodies to myelin oligodendrocyte 
glycoprotein in bilateral and recurrent optic neuritis. Neurol.Neuroimmunol.Neuroinflamm 
1:4: e40. 

References



73

Rankin AL, Seth N, Keegan S, Andreyeva T, Cook TA, Edmonds J, Mathialagan N, Benson MJ, 
Syed J, Zhan Y, Benoit SE, Miyashiro JS, Wood N, Mohan S, Peeva E, Ramaiah SK, Messing 
D, Homer BL, Dunussi-Joannopoulos K, Nickerson-Nutter CL, Schnute ME and Douhan 
J,3rd (2013): Selective inhibition of BTK prevents murine lupus and antibody-mediated 
glomerulonephritis. J.Immunol. 191:9: 4540-4550. 

Ransohoff RM, Hafler DA and Lucchinetti CF (2015): Multiple sclerosis-a quiet revolution. Nat.
Rev.Neurol. 11:3: 134-142. 

Rebolleda G, Kawasaki A, de Juan V, Oblanca N and Munoz-Negrete FJ (2017): Optical 
Coherence Tomography to Differentiate Papilledema from Pseudopapilledema. Curr.Neurol.
Neurosci.Rep. 17:10: 74-017-0790-6. 

Rist MJ, Hibbert KM, Croft NP, Smith C, Neller MA, Burrows JM, Miles JJ, Purcell AW, Rossjohn 
J, Gras S and Burrows SR (2015): T Cell Cross-Reactivity between a Highly Immunogenic 
EBV Epitope and a Self-Peptide Naturally Presented by HLA-B*18:01+ Cells. J.Immunol. 
194:10: 4668-4675. 

Rodriguez M, Siva A, Cross SA, O’Brien PC and Kurland LT (1995): Optic neuritis: a population-
based study in Olmsted County, Minnesota. Neurology 45:2: 244-250. 

Rolak LA, Beck RW, Paty DW, Tourtellotte WW, Whitaker JN and Rudick RA (1996): 
Cerebrospinal fluid in acute optic neuritis: experience of the optic neuritis treatment trial. 
Neurology 46:2: 368-372. 

Rosati G (2001): The prevalence of multiple sclerosis in the world: an update. Neurol.Sci. 22:2: 
117-139. 

Ross CJ, Towfic F, Shankar J, Laifenfeld D, Thoma M, Davis M, Weiner B, Kusko R, Zeskind 
B, Knappertz V, Grossman I and Hayden MR (2017): A pharmacogenetic signature of high 
response to Copaxone in late-phase clinical-trial cohorts of multiple sclerosis. Genome Med. 
9:1: 50-017-0436-y. 

Rothova A (2000): Ocular involvement in sarcoidosis. Br.J.Ophthalmol. 84:1: 110-116. 

Sadun AA (2002): Mitochondrial optic neuropathies. J.Neurol.Neurosurg.Psychiatry. 72:4: 
423-425. 

Sanger F (1952): The arrangement of amino acids in proteins. Adv.Protein Chem. 7: 1-67. 

Sanger F, Thompson EO and Kitai R (1955): The amide groups of insulin. Biochem.J. 59:3: 
509-518. 

Sato DK, Callegaro D, Lana-Peixoto MA, Waters PJ, de Haidar Jorge FM, Takahashi T, 
Nakashima I, Apostolos-Pereira SL, Talim N, Simm RF, Lino AM, Misu T, Leite MI, Aoki 
M and Fujihara K (2014): Distinction between MOG antibody-positive and AQP4 antibody-
positive NMO spectrum disorders. Neurology 82:6: 474-481. 

Schadt EE, Turner S and Kasarskis A (2010): A window into third-generation sequencing. Hum.
Mol.Genet. 19:R2: R227-40. 

Sellner J, Boggild M, Clanet M, Hintzen RQ, Illes Z, Montalban X, Du Pasquier RA, Polman 
CH, Sorensen PS and Hemmer B (2010): EFNS guidelines on diagnosis and management of 
neuromyelitis optica. Eur.J.Neurol. 17:8: 1019-1032. 

References



74

Serafini B, Rosicarelli B, Franciotta D, Magliozzi R, Reynolds R, Cinque P, Andreoni L, Trivedi 
P, Salvetti M, Faggioni A and Aloisi F (2007): Dysregulated Epstein-Barr virus infection in the 
multiple sclerosis brain. J.Exp.Med. 204:12: 2899-2912. 

Shimizu Y, Yokoyama K, Misu T, Takahashi T, Fujihara K, Kikuchi S, Itoyama Y and Iwata M 
(2008): Development of extensive brain lesions following interferon beta therapy in relapsing 
neuromyelitis optica and longitudinally extensive myelitis. J.Neurol. 255:2: 305-307. 

Sitarz KS, Yu-Wai-Man P, Hudson G, Jacob A, Boggild M, Horvath R and Chinnery PF (2012): 
Genetic variations within the OPA1 gene are not associated with neuromyelitis optica. Mult.
Scler. 18:2: 240-243. 

Soelberg K, Jarius S, Skejoe H, Engberg H, Mehlsen JJ, Nilsson AC, Madsen JS, Reindl M, 
Wildemann B, Grauslund J, Kyvik KO, Smith TJ, Lillevang ST, Paul F, Weinshenker BG and 
Asgari N (2017): A population-based prospective study of optic neuritis. Mult.Scler. 23:14: 
1893-1901. 

Soelberg K, Specovius S, Zimmermann HG, Grauslund J, Mehlsen JJ, Olesen C, Neve ASB, Paul 
F, Brandt AU and Asgari N (2018): Optical coherence tomography in acute optic neuritis: A 
population-based study. Acta Neurol.Scand. 138:6: 566-573. 

Spelman T, Meyniel C, Rojas JI, Lugaresi A, Izquierdo G, Grand’Maison F, Boz C, Alroughani 
R, Havrdova E, Horakova D, Iuliano G, Duquette P, Terzi M, Grammond P, Hupperts R, 
Lechner-Scott J, Oreja-Guevara C, Pucci E, Verheul F, Fiol M, Van Pesch V, Cristiano E, 
Petersen T, Moore F, Kalincik T, Jokubaitis V, Trojano M, Butzkueven H and MSBasis (an 
MSBase Substudy) Investigators (2017): Quantifying risk of early relapse in patients with first 
demyelinating events: Prediction in clinical practice. Mult.Scler. 23:10: 1346-1357. 

Strittmatter WJ, Saunders AM, Schmechel D, Pericak-Vance M, Enghild J, Salvesen GS and 
Roses AD (1993): Apolipoprotein E: high-avidity binding to beta-amyloid and increased 
frequency of type 4 allele in late-onset familial Alzheimer disease. Proc.Natl.Acad.Sci.U.S.A. 
90:5: 1977-1981. 

Stunkel L, Kung NH, Wilson B, McClelland CM and Van Stavern GP (2018): Incidence and 
Causes of Overdiagnosis of Optic Neuritis. JAMA Ophthalmol. 136:1: 76-81. 

Suhs KW, Hein K, Sattler MB, Gorlitz A, Ciupka C, Scholz K, Kasmann-Kellner B, Papanagiotou 
P, Schaffler N, Restemeyer C, Bittersohl D, Hassenstein A, Seitz B, Reith W, Fassbender K, 
Hilgers R, Heesen C, Bahr M and Diem R (2012): A randomized, double-blind, phase 2 study 
of erythropoietin in optic neuritis. Ann.Neurol. 72:2: 199-210. 

Sumelahti ML, Holmberg MH, Murtonen A, Huhtala H and Elovaara I (2014): Increasing 
Incidence in Relapsing-Remitting MS and High Rates among Young Women in Finland: A 
Thirty-Year Follow-Up. Mult Scler.Int. 2014: 186950. 

Sumelahti ML, Tienari PJ, Wikström J, Palo J and Hakama M (2000): Regional and temporal 
variation in the incidence of multiple sclerosis in Finland 1979-1993. Neuroepidemiology 
19:2: 67-75. 

Takahashi T, Fujihara K, Nakashima I, Misu T, Miyazawa I, Nakamura M, Watanabe S, Shiga Y, 
Kanaoka C, Fujimori J, Sato S and Itoyama Y (2007): Anti-aquaporin-4 antibody is involved 
in the pathogenesis of NMO: a study on antibody titre. Brain 130:Pt 5: 1235-1243. 

Templer DI, Trent NH, Spencer DA, Trent A, Corgiat MD, Mortensen PB and Gorton M (1992): 
Season of birth in multiple sclerosis. Acta Neurol.Scand. 85:2: 107-109. 

References



75

Thomas DC, Haile RW and Duggan D (2005): Recent developments in genomewide association 
scans: a workshop summary and review. Am.J.Hum.Genet. 77:3: 337-345. 

Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, Correale J, Fazekas F, 
Filippi M, Freedman MS, Fujihara K, Galetta SL, Hartung HP, Kappos L, Lublin FD, Marrie 
RA, Miller AE, Miller DH, Montalban X, Mowry EM, Sorensen PS, Tintore M, Traboulsee 
AL, Trojano M, Uitdehaag BMJ, Vukusic S, Waubant E, Weinshenker BG, Reingold SC and 
Cohen JA (2018): Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. 
Lancet Neurol. 17:2: 162-173. 

Thorsby E (2009): A short history of HLA. Tissue Antigens 74:2: 101-116. 

Thorsby E & Kissmeyer-Nielsen F (1969): HL-A antigens and genes. 3. Production of HL-A 
typing antisera of desired specifi city. Vox Sang. 17:2: 102-111. 

Tienari PJ, Salonen O, Wikström J, Valanne L and Palo J (1992): Familial multiple sclerosis: MRI 
findings in clinically affected and unaffected siblings. J.Neurol.Neurosurg.Psychiatry. 55:10: 
883-886. 

Tienari PJ, Sumelahti ML, Rantamäki T and Wikström J (2004): Multiple sclerosis in western 
Finland: evidence for a founder effect. Clin.Neurol.Neurosurg. 106:3: 175-179. 

Tienari PJ, Tuomilehto-Wolf E, Tuomilehto J and Peltonen L (1992): HLA haplotypes in type 1 
(insulin-dependent) diabetes mellitus: molecular analysis of the HLA-DQ locus. The DIME 
Study Group. Diabetologia 35:3: 254-260. 

Tienari PJ, Wikström J, Koskimies S, Partanen J, Palo J and Peltonen L (1993): Reappraisal of 
HLA in multiple sclerosis: close linkage in multiplex families. Eur.J.Hum.Genet. 1:4: 257-268. 

Tienari PJ, Wikström J, Sajantila A, Palo J and Peltonen L (1992): Genetic susceptibility to 
multiple sclerosis linked to myelin basic protein gene. Lancet 340:8826: 987-991. 

Torkildsen O, Knappskog PM, Nyland HI and Myhr KM (2008): Vitamin D-dependent rickets 
as a possible risk factor for multiple sclerosis. Arch.Neurol. 65:6: 809-811. 

Treangen TJ & Salzberg SL (2011): Repetitive DNA and next-generation sequencing: 
computational challenges and solutions. Nat.Rev.Genet. 13:1: 36-46. 

Trebst C, Jarius S, Berthele A, Paul F, Schippling S, Wildemann B, Borisow N, Kleiter I, Aktas O, 
Kumpfel T and Neuromyelitis Optica Study Group (NEMOS) (2014): Update on the diagnosis 
and treatment of neuromyelitis optica: recommendations of the Neuromyelitis Optica Study 
Group (NEMOS). J.Neurol. 261:1: 1-16. 

Tsuburaya RS, Miki N, Tanaka K, Kageyama T, Irahara K, Mukaida S, Shiraishi K and Tanaka M 
(2015): Anti-myelin oligodendrocyte glycoprotein (MOG) antibodies in a Japanese boy with 
recurrent optic neuritis. Brain Dev. 37:1: 145-148. 

Valori M, Jansson L, Kiviharju A, Ellonen P, Rajala H, Awad SA, Mustjoki S and Tienari PJ 
(2017): A novel class of somatic mutations in blood detected preferentially in CD8+ cells. 
Clin.Immunol. 175: 75-81. 

Verkman AS (2013): Aquaporins. Curr.Biol. 23:2: R52-5. 

Verkman AS (2012): Aquaporins in clinical medicine. Annu.Rev.Med. 63: 303-316. 

Visscher PM, Wray NR, Zhang Q, Sklar P, McCarthy MI, Brown MA and Yang J (2017): 10 Years 
of GWAS Discovery: Biology, Function, and Translation. Am.J.Hum.Genet. 101:1: 5-22. 

References



76

Viswanathan S, Wong AH, Quek AM and Yuki N (2015): Intravenous immunoglobulin may 
reduce relapse frequency in neuromyelitis optica. J.Neuroimmunol. 282: 92-96. 

Vodopivec I, Matiello M and Prasad S (2015): Treatment of neuromyelitis optica. Curr.Opin.
Ophthalmol. 26:6: 476-483. 

Wakakura M, Minei-Higa R, Oono S, Matsui Y, Tabuchi A, Kani K, Shikishima K, Kawai K, 
Nakao Y, Tazawa Y, Kiyosawa M, Abe H, Ohba N, Yago K, Maeda S, Sugita M and Ishikawa S 
(1999): Baseline features of idiopathic optic neuritis as determined by a multicenter treatment 
trial in Japan. Optic Neuritis Treatment Trial Multicenter Cooperative Research Group 
(ONMRG). Jpn.J.Ophthalmol. 43:2: 127-132. 

Watad A, Azrielant S, Bragazzi NL, Sharif K, David P, Katz I, Aljadeff G, Quaresma M, Tanay 
G, Adawi M, Amital H and Shoenfeld Y (2017): Seasonality and autoimmune diseases: The 
contribution of the four seasons to the mosaic of autoimmunity. J.Autoimmun. 82: 13-30. 

Waters P, Jarius S, Littleton E, Leite MI, Jacob S, Gray B, Geraldes R, Vale T, Jacob A, Palace J, 
Maxwell S, Beeson D and Vincent A (2008): Aquaporin-4 antibodies in neuromyelitis optica 
and longitudinally extensive transverse myelitis. Arch.Neurol. 65:7: 913-919. 

Waters P, Reindl M, Saiz A, Schanda K, Tuller F, Kral V, Nytrova P, Sobek O, Nielsen HH, 
Barington T, Lillevang ST, Illes Z, Rentzsch K, Berthele A, Berki T, Granieri L, Bertolotto 
A, Giometto B, Zuliani L, Hamann D, van Pelt ED, Hintzen R, Hoftberger R, Costa C, 
Comabella M, Montalban X, Tintore M, Siva A, Altintas A, Deniz G, Woodhall M, Palace J, 
Paul F, Hartung HP, Aktas O, Jarius S, Wildemann B, Vedeler C, Ruiz A, Leite MI, Trillenberg 
P, Probst M, Saschenbrecker S, Vincent A and Marignier R (2016): Multicentre comparison 
of a diagnostic assay: aquaporin-4 antibodies in neuromyelitis optica. J.Neurol.Neurosurg.
Psychiatry. 87:9: 1005-1015. 

Waters P & Vincent A (2008): Detection of anti-aquaporin-4 antibodies in neuromyelitis optica: 
current status of the assays. Int.MS J. 15:3: 99-105. 

Waters PJ, McKeon A, Leite MI, Rajasekharan S, Lennon VA, Villalobos A, Palace J, Mandrekar 
JN, Vincent A, Bar-Or A and Pittock SJ (2012): Serologic diagnosis of NMO: a multicenter 
comparison of aquaporin-4-IgG assays. Neurology 78:9: 665-71; discussion 669. 

Waters PJ, Pittock SJ, Bennett JL, Jarius S, Weinshenker BG and Wingerchuk DM (2014): 
Evaluation of aquaporin-4 antibody assays. Clin.Exp.Neuroimmunol. 5:3: 290-303. 

Weber MS, Derfuss T, Metz I and Bruck W (2018): Defining distinct features of anti-MOG 
antibody associated central nervous system demyelination. Ther.Adv.Neurol.Disord. 11: 
1756286418762083. 

Weinshenker BG, Wingerchuk DM, Pittock SJ, Lucchinetti CF and Lennon VA (2006): NMO-
IgG: a specific biomarker for neuromyelitis optica. Dis.Markers 22:4: 197-206. 

Willer CJ, Dyment DA, Sadovnick AD, Rothwell PM, Murray TJ, Ebers GC and Canadian 
Collaborative Study Group (2005): Timing of birth and risk of multiple sclerosis: population 
based study. BMJ 330:7483: 120. 

Williams A, Eldridge R, McFarland H, Houff S, Krebs H and McFarlin D (1980): Multiple 
sclerosis in twins. Neurology 30:11: 1139-1147. 

Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, de Seze J, Fujihara 
K, Greenberg B, Jacob A, Jarius S, Lana-Peixoto M, Levy M, Simon JH, Tenembaum S, 

References



77

Traboulsee AL, Waters P, Wellik KE, Weinshenker BG and International Panel for NMO 
Diagnosis (2015): International consensus diagnostic criteria for neuromyelitis optica 
spectrum disorders. Neurology 85:2: 177-189. 

Wingerchuk DM, Hogancamp WF, O’Brien PC and Weinshenker BG (1999): The clinical course 
of neuromyelitis optica (Devic’s syndrome). Neurology 53:5: 1107-1114. 

Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF and Weinshenker BG (2006): Revised 
diagnostic criteria for neuromyelitis optica. Neurology 66:10: 1485-1489. 

Yeh EA, Graves JS, Benson LA, Wassmer E and Waldman A (2016): Pediatric optic neuritis. 
Neurology 87:9 Suppl 2: S53-8. 

Yoo YJ, Hwang JM and Yang HK (2017): Differences in pupillary light reflex between optic 
neuritis and ischemic optic neuropathy. PLoS One 12:10: e0186741. 

Yool AJ & Campbell EM (2012): Structure, function and translational relevance of aquaporin 
dual water and ion channels. Mol.Aspects Med. 33:5-6: 553-561. 

Yoshii F, Moriya Y, Ohnuki T, Ryo M and Takahashi W (2016): Fingolimod-induced 
leukoencephalopathy in a patient with neuromyelitis optica spectrum disorder. Mult Scler.
Relat.Disord. 7: 53-57. 

Yoshii F, Moriya Y, Ohnuki T, Ryo M and Takahashi W (2017): Neurological safety of fingolimod: 
An updated review. Clin.Exp.Neuroimmunol. 8:3: 233-243. 

Yoshimura S, Isobe N, Matsushita T, Yonekawa T, Masaki K, Sato S, Kawano Y, Kira J and South 
Japan Multiple Sclerosis Genetics Consortium (2013): Distinct genetic and infectious profiles 
in Japanese neuromyelitis optica patients according to anti-aquaporin 4 antibody status. 
J.Neurol.Neurosurg.Psychiatry. 84:1: 29-34. 

You Y, Klistorner A, Thie J and Graham SL (2011): Latency delay of visual evoked potential is 
a real measurement of demyelination in a rat model of optic neuritis. Invest.Ophthalmol.Vis.
Sci. 52:9: 6911-6918. 

Yu-Wai-Man P, Spyropoulos A, Duncan HJ, Guadagno JV and Chinnery PF (2016): A multiple 
sclerosis-like disorder in patients with OPA1 mutations. Ann.Clin.Transl.Neurol. 3:9: 723-729. 

Zhang X, Wang W, Wang Q, Cui S and Wei W (2007): Clinical Features of Optic Neuritis in 
China. Neuro-Ophthalmology 31:5-6: 133-136. 

References



 
 
    
   HistoryItem_V1
   DefineBleed
        
     Range: all odd numbered pages
     Request: bleed except fold edge 14.17 points
     Bleed area is outside visible: yes
      

        
     D:20190805134744
      

        
     0.0000
     1
     0.0000
     14.1732
     0
     1
     573
     233
     14.1732
     FixedNotFold
            
                
         Odd
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     10
     130
     128
     65
      

   1
  

    
   HistoryItem_V1
   Nup
        
     Create a new document
     Trim unused space from sheets: yes
     Allow pages to be scaled: no
     Margins: left 14.17, top 14.17, right 14.17, bottom 14.17 points
     Horizontal spacing (points): 0 
     Vertical spacing (points): 0 
     Mirror left to right on even-numbered sheets
     Crop style 3, width 0.30, length 5.67, distance 8.50 (points)
     Add frames around each page: no
     Sheet size: 200.000 x 200.000 inches / 5080.0 x 5080.0 mm
     Sheet orientation: tall
     Layout: rows 1 down, columns 1 across
     Align: centre, independent
      

        
     D:20190805134806
      

        
     14.1732
     8.5039
     5.6693
     1
     CornersMid
     0.2999
     ToFit
     1
     0
     1
     1
     0.7000
     0
     0 
     1
     14.1732
     1
            
       D:20190805134805
       14400.0000
       Maximum
       Blank
       14400.0000
          

     Tall
     559
     336
     14.1732
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     C
     1
            
       CurrentAVDoc
          

     14.1732
     1
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.929 x 9.843 inches / 176.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20190805135232
      

        
     96
            
       D:20190805134242
       708.6614
       Blank
       498.8976
          

     Tall
     1
     0
     No
     841
     546
     None
     Left
     14.1732
     -5.6693
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Uniform
     5.6693
     Bottom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     0
     130
     129
     130
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all odd numbered pages
     Request: bleed except fold edge 14.17 points
     Bleed area is outside visible: yes
      

        
     D:20190805135239
      

        
     0.0000
     1
     0.0000
     14.1732
     0
     1
     573
     233
     14.1732
     FixedNotFold
            
                
         Odd
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     0
     130
     128
     65
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: bleed except fold edge 14.17 points
     Bleed area is outside visible: yes
      

        
     D:20190805135241
      

        
     0.0000
     1
     0.0000
     14.1732
     0
     1
     573
     233
     14.1732
     FixedNotFold
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     0
     130
     129
     130
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: bleed except fold edge 14.17 points
     Bleed area is outside visible: yes
      

        
     D:20190805135242
      

        
     0.0000
     1
     0.0000
     14.1732
     0
     1
     573
     233
     14.1732
     FixedNotFold
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     0
     130
     129
     130
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: bleed except fold edge 14.17 points
     Bleed area is outside visible: yes
      

        
     D:20190805135243
      

        
     0.0000
     1
     0.0000
     14.1732
     0
     1
     573
     233
    
     14.1732
     FixedNotFold
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0c
     Quite Imposing Plus 4
     1
      

        
     0
     130
     129
     130
      

   1
  

 HistoryList_V1
 qi2base





