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Abstract 

Neuromyelitis optica spectrum disorder (NMOSD) and MOG antibody related disease 

(MOGAD) are two rare antibody-mediated demyelinating diseases of the central 

nervous system. Of note MOGAD has only been recently distinguished as a separate 

disease entity, and consequently the available data describing its epidemiological and 

clinical features is scant. The purpose of this project was to establish the foundation for 

a future state-wide comparative epidemiological and clinical study of NMOSD and 

MOGAD. Initially, a pilot study of cases in Gold Coast using a paper survey form was 

intended. However, during methodological planning, a feasibility analysis determined 

that the use of an electronic survey form would be far more advantageous. As such, 

the new primary aim of this project was to develop a highly functional and capable 

electronic clinical survey tool to collect demographic and clinical information from 

patients with NMOSD and MOGAD. A survey was successfully built using the REDCap 

software. This was successfully trialled in a population of 29 cases, which is believed to 

include all most (if not all) of the NMOSD and MOGAD cases in Gold Coast that are 

treated in the private sector. The overall recruitment rate was 97% and the overall 

survey completion rate was 90%. The survey was successfully able to capture and 

output the key epidemiological and clinical features relevant to demyelinating diseases. 

Preliminary epidemiological and clinical data was reported descriptively and included in 

the report entirely for illustrative purposes. The future directions of this research include 

the completion of a full pilot study of all cases in Gold Coast (pending recruitment of 

cases from the Gold Coast Hospital and Health Service), and later followed by the 

execution of the Queensland-wide study.  

 

  



Page 3 of 97 

List of a bbreviations  
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Chapter 1: Background  

The purpose of this project was to compare the epidemiology and clinical features of 

two antibody-mediated demyelinating diseases of the central nervous system (CNS): 

Neuromyelitis Optica Spectrum Disorder (NMOSD) and Myelin Oligodendrocyte 

Glycoprotein Antibody Related Disorder (MOGAD) in a defined geographical region. 

 

All clinicians would be familiar with Multiple Sclerosis (MS), an autoimmune condition of 

the CNS characterised by inflammation, demyelination, and axonal injury. Whilst MS is 

the most common autoimmune demyelinating disorder of the CNS, it is not the only 

one and accurate diagnosis is not always easy [1]. Focal neurological injury is logical, 

in that the clinical manifestations are often directly consequent to the anatomical site of 

insult. For example, optic nerve insult produces the syndrome of optic neuritis, and 

spinal cord insult produces the syndrome of myelitis [2]. In the clinical context, this 

produces a diagnostic challenge as pathologically different autoimmune CNS diseases 

may present with very similar symptoms and signs. Consequently, this dilemma 

demands a greater dependence on pathology and imaging features to guide accurate 

diagnosis of otherwise clinically similar diseases.  

 

NMOSD and MOGAD are only two of many conditions that present similarly to MS. 

However, they are unique in their immunopathogenesis. Both NMOSD and MOGAD 

are antibody-mediated, whereas MS is believed to involve mostly cell-mediated 

immunity. In recent times, specific antibody markers have been identified for NMOSD 

and MOGAD, which has significantly aided accurate diagnosis [3-5]. To provide context 

to the role of this research project, the history of MS, the emergence of NMOSD and 

similarly the emergence of MOGAD are all important to discuss.  
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1.1 A Brief History of MS  and its Diagnosis 

One of the earliest accounts of what was believed to be MS was in the 14th century. 

Ludwina, a “saint” who lived in the town of Schiedam (Holland) was only 16 when she 

began experiencing strange symptoms of lower limb weakness, loss of balance, and 

visual disturbances that were intermittent and separated by periods of remissions. 

Similar accounts were reported in consequent centuries. At the time, MS was 

considered a “paraplegia”. In 1838, Carswell dissected CNS tissue and reported 

plaques disseminated in space. Similar autopsies of patients with a “paraplegia” were 

reported. Ten years later in 1849, a pathologist by the name of von Frerichs described 

a condition by the name of Hiirnsklerose (brain sclerosis) for which he reported a 

description of visual and motor symptoms that he believed were due to these 

disseminated sclerotic lesions throughout the nervous system. It wasn’t until 1868 that 

a neurologist by the name of Jean-Martin Charcot delivered a lecture consolidating the 

features of the condition and ascribing its name. The development of microscopes and 

histopathological techniques began to reveal more information about the pathology of 

the disease, with patterns of axonal injury and myelin debris noted. The advent of 

cerebrospinal fluid testing, and consequently imaging modalities (particularly magnetic 

resonance imaging) further allowed the unique characterisation of MS [6]. 

 

MS, as we know it now, is a disease that typically affects females more than males 

from their third-to-fourth decade of life. There is a unique predilection for patients living 

far away from the equator, and interestingly Vitamin D deficiency has been 

demonstrated to be an independent risk factor. There is a genetic association, where 

monozygotic twin concordance rates are approximately 25 % [7]. Multiple studies have 

demonstrated an association between MS and Epstein-Barr virus (EBV) infection, 

though only recently, a longitudinal study of more than 10 million military personnel 

demonstrated that EBV infection may be essential in the pathogenesis of MS [8].  

 

MS typically tends to present with what is termed a “clinically isolated syndrome” (CIS). 

CIS describes a monophasic clinical episode suggestive of focal inflammatory 

demyelination, in the absence of fever and infection, developing acutely and lasting at 

least 24 hours. It is an episode of a potential demyelinating event without yet satisfying 

a formal diagnosis of a demyelinating disorder. A similar parallelism may be drawn to 

the difference between a seizure and a diagnosis of epilepsy. Much like a CIS, an 

isolated seizure may have variable aetiology, and may not particularly implicate a 
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diagnosis of epilepsy. Interestingly, reports suggest that up to 80% of CIS with an 

abnormal MRI will be will be diagnosed with MS within five years, and approximately 

85% of MS diagnoses will initially present with CIS [9].  

 

As mentioned, the anatomical distribution of neurological insult characterises the 

clinical features of disease. Common locations include the: optic nerve, spinal cord, 

cerebellum, and brain stem, amongst others.  

 

Optic nerve involvement typically manifests as optic neuritis, monocular visual blurring, 

loss of colour discrimination (particularly red), and eye pain (particularly on eye 

movement). Spinal cord involvement will manifest as myelitis, motor, and sensory 

disturbance in the affected spinal cord levels. This consequently produces sphincter 

dysfunction when sacral levels are involved. Cerebellar injury may produce ataxia, 

tremor or dysarthria, whereas brain stem may produce bulbar features of diplopia, 

nystagmus, or facial nerve disruption [9].  

  

On magnetic resonance imaging (MRI), lesions are typically seen around the ventricles 

(“Dawson’s fingers”), in or near the cortex, in the infratentorial areas, or in the spinal 

cord. These are often iso to hypo intense on T1, bright on T2, and show enhancement 

post gadolinium if active. Newer sequences such as fluid attenuated inversion recovery 

(FLAIR) have higher sensitivity in detecting lesions, particularly those around the 

ventricles or cortex, and usually appear hyperintense [10]. 

 

Lumbar puncture usually reveals normal protein and glucose. White cells can be 

normal, or mildly elevated; cytologically this appears to be predominantly lymphocyte 

dominated. Immunoglobulin G (IgG) concentration may be elevated. Although may not 

be positive initially, CSF-specific oligoclonal bands are present in up to 90% of MS 

cases [7, 11]. 

 

The McDonald’s criteria is used to confirm a suspicion of MS; the most recent revisions 

were published in 2017. Conceptually this makes reference to the notion of 

dissemination in space and time, where it must be demonstrated by some means that 

a patient has experienced lesions in more than one location, and on more than one 

occasion [12].  
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The clinical course of MS is varied. The most common scenario involves acute attacks, 

followed by periods of remission called relapsing-remitting. This is contrasted with a 

primary progressive course, which manifests as a steady decline in function without 

clear sudden attacks. A relapsing remitting course may then demonstrate decline in 

function without a clear recent attack, which is described as a secondary progressive 

course. Secondary progressive MS may still experience acute relapses, though less 

commonly [7, 11]. 

 

On gross pathology, firm (“sclerotic”) well-circumscribed grey discolouration is evident 

in otherwise white-matter tissue. Locations of the plaques are as described in the 

radiology summary. Microscopically, active plaques reveal loss of myelin, lipid-filled 

“foamy” macrophages, lymphocytes and moderate preservation of axons. Inactive 

plaques have a similar appearance with loss of myelin and axon preservation but lack 

inflammatory cells and demonstrates a predominance of glial cells [7]. 

 

The pathogenesis of MS appears to be onset by activated T-cells that enter the CNS 

and react with myelin antigens. T cells may direct oligodendrocyte/myelin injury or 

produce inflammatory cytokines; this results in consequent demyelination that may be 

associated with axonal injury. Interestingly, MS may be associated with humoral 

autoimmunity as well. Evidence to this includes the presence of oligoclonal IgG in the 

CSF and the therapeutic success of B-cell depleting agents [7]. 

 

1.2 The Emergence of NMO SD 

In 1894, a French neurologist by the name of Eugene Devic presented a case of 

simultaneous optic neuritis and myelitis, an otherwise novel presentation of a 

“paraplegia”. Although he appropriately termed this opticospinal syndrome “acute 

neuromyelitis optica” (NMO), it is also known by its eponymous name “Devic’s disease” 

[13]. Across the literature, the relationship between NMO and MS has been interesting 

and controversial. Whilst some authors believed NMO was a subtype of multiple 

sclerosis, others believed it was an entirely distinct disease. A 1930 review by Russell 

Brain argued that “the clinical and pathological differences between neuromyelitis 

optica and disseminated sclerosis [MS] appear to be differences in acuteness and 

intensity only”. However, further cases began identifying unique diagnostic features of 

NMO [14]. The glaringly obvious distinction has always been the opticospinal 

presentation. Although MS is known to cause optic neuritis and other 
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Further studies continued to demonstrate differences between MS and NMO. 

Epidemiologically, Neuromyelitis optica (NMO) affected more women, and had a later 

age of onset. The presentation of NMO was typically optic neuritis, or transverse 

myelitis, whereas in multiple sclerosis was typically partial myelitis. NMO also had a 

higher annualised relapse rate. In NMO, cerebrospinal fluid (CSF) examination 

demonstrated localised synthesis of oligoclonal bands less frequently than MS. Brain 

MRI in NMO was more likely to be normal, unlike MS which had periventricular 

plaques. NMO also appeared to have longer spinal lesions (affecting three or more 

vertebra), which was not commonly seen in MS [17, 18]. 

 

However, it was not until the discovery of NMO’s unique pathogenic antibody that NMO 

was widely accepted as it’s separate disease entity. In 2004, Vander Lennon (an 

Australian neurologist working at the Mayo Clinic) and colleagues published a seminal 

Lancet paper providing credence to the notion that NMO may be a distinct disease. 

The research team observed a consistent protein staining pattern on 

immunofluorescence of NMO serum samples, suggestive of a possible pathogenic 

antibody (immunoglobulin, “IgG”) that they termed “NMO-IgG”. In a follow-up 2005 

paper they demonstrated that NMO-IgG was an antibody that targets aquaporin-4 

(AQP4). AQP4 is a water channel found on the plasma membrane of human cells; it is 

abundant in astrocytes, particularly in their foot processes (which forms part of the 

blood-brain-barrier) [19]. 

 

An in-depth discussion justifying the pathogenicity of the AQP4 antibody (AQP4-Ab) is 

beyond the context of this paper. Though in summary, the histopathological findings of 

necrosis and cavitation of both white and grey matter was preferentially seen around 

areas of high aquaporin-4 expression [20-22]. CSF studies support the notion of a 

disease process involving both an astrocytopathy and demyelination. Myelin basic 

protein (MBP) can be used as a CSF marker for demyelination, whereas glial fibrillary 

protein (GFP) indicates astrocyte damage. CSF studies of NMOSD patients 

demonstrate an elevation of both GFAP and MBP, which is suggestive of both 

astrocyte and myelin injury [23]. AQP4-Ab titres have been positively associated (albeit 

sometimes inconsistently) with clinical and radiological disease activity [24].  

 

Currently, it is believed that NMO is propagated by AQP4-Ab, which cross the blood 

brain barrier (BBB) and bind to astrocytes causing complement mediated attack, which 
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triggers perivascular inflammation [25]. Astrocyte injury naturally weakens the BBB 

[26]. Secondary oligodendrocyte and myelin breakdown occurs following the removal 

of astrocyte debris by macrophages; this implicates demyelination as a secondary 

phenomenon to the primary “astrocytopathy” [27]. It was initially theorised that 

glutamate induced excitotoxicity may be the mechanism for oligodendrocyte injury due 

to some evidence of its internalisation with the AQP4 antibody-antigen complex [28]. 

However, in vivo studies failed to replicate glutamate transporter internalisation and 

this theory was soon dismissed [29, 30].  

 

NMOSD is largely believed to be idiopathic, though familial association has been 

suggested. One of largest familial studies involved 12 families and a total of 25 

NMOSD patients, estimating a 2.8% hereditability aggregate. Familial segregation 

appears most consistent with non-Mendelian polygenic inheritance [31, 32]. There 

have been some statistically significant associations between AQP4-seropositive 

NMOSD patients and human leukocyte antigen genes (HLA), particularly HLA-

DPB1*0501 [33, 34] and HLA-DRB1*03 [35]. HLA-DRB1*03 is reported in other 

autoimmune diseases such as systemic lupus erythematosus (SLE). Interestingly, 

NMO is associated with higher rates of autoimmune diseases such as SLE, Sjorgen 

syndrome, myasthenia gravis, and thyroid autoimmunity, amongst others. Deductively, 

associations between common HLA genes and similar autoimmune diseases possibly 

suggests a common degree “immune dysfunction” that may be shared between these 

conditions [15, 32].  

 

Overall, the discovery of the AQP4-Ab, and the justification of its pathogenicity 

provided the necessary support to establish NMO as a separate disease entity to MS. 

Not only was it clear that there are distinct clinical differences, but also pathologically it 

became clear that the diseases are propagated by different mechanisms [36, 37].  

 

The discovery of NMO-Ab lead to consequent revisions of the NMO diagnostic criteria. 

The 2006 Wingerchuk criteria introduced NMO-IgG seropositive status as one of three 

supportive criteria, as displayed in Figure 2.  
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associated with CNS. In vitro models from as early as 1990 demonstrated that MOG-

Ab cause complement-mediated demyelination in brain cell cultures [39]. Experimental 

models of autoimmune encephalomyelitis in mice recognised that MOG destruction 

was associated with demyelination [40]. 

 

Early MOG-Ab assays were used to test for seroprevalence in populations of 

neuroinflammatory disorders, commonly CIS, and MS (amongst others). The results 

were inconsistent. Low titres of MOG-Ab were similarly positive in MS and healthy 

controls [41]. MOG-Ab seropositive status was also proposed to predict conversion 

from CIS to MS diagnosis, however studies were not in agreeance [42, 43].  

 

In 2007 A/Prof O’Connor and colleagues developed a radioimmunoassay for MOG-Ab 

and reported seropositivity in patients (particularly children) with acute disseminated 

encephalomyelitis (ADEM) [44]. Meanwhile MOG-Ab had a very low prevalence in 

adults with MS, and did not appear to have prognostic or predictive value [44, 45]. 

Several consequent studies began to identify MOG antibodies in non-MS 

demyelinating cases. Of note, a large population of MOG-Ab seropositivity was found 

in AQP4-Ab-seronegative NMO populations [46].  

 

Early studies of NMO populations after AQP4-Ab discovery reported seronegative 

rates of approximately 30% [47-50]. Epidemiological and clinical differences between 

AQP4-Ab seropositive and MOG-Ab seropositive patients were reported. Whereas 

AQP4-Ab disease was almost exclusively reported in adults, most commonly in their 

fourth decade of life, MOG-Ab disease appeared to have a biphasic distribution, 

occurring in children and adults. MOG-Ab prevalence was almost equally distributed 

amongst the sexes, whereas AQP4-Ab seropositivity was disproportionately more 

prevalent in females. Interestingly, the historical picture of NMO – simultaneous or 

rapidly sequential ON with TM – was relatively more prevalent in MOG-Ab than AQP4-

Ab patients, though remained rare in both populations. MOG-Ab-positive cases also 

typically had more conus involvement, leading to higher rates of sphincter dysfunction. 

Whilst AQP4-Ab titre was moderately associated disease severity, MOG-Ab titres were 

not. From a prognosis point of view, MOG-Ab patients typically had better recovery 

rates than AQP4-Ab, and the disease course was more likely to be monophasic unlike 

the relapsing course that was seen in AQP4-Ab cases [47-50]. 
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The continued development of reliable MOG-Ab assay techniques [51] propagated 

research that identified MOG-Ab in the sera of various other non-MS demyelinating 

populations. In adult populations, MOG-Ab was seen in AQP4-Ab negative cases of 

NMO as described, though also in cases of focal encephalitis, isolated optic neuritis 

syndromes, and isolated transverse myelitis syndromes. In paediatric populations, it 

was commonly seen in acute disseminated encephalomyelitis as mentioned, though 

also in paediatric optic neuritis syndromes [52]. 

 

Histopathology results also differed between AQP4-Ab-seropositive and MOG-Ab-

seropositive patients. In AQP4-Ab patients, there was necrosis and cavitation of grey 

and white matter — both in the spinal cord and in optic nerve lesions. There was 

inflammatory infiltration in active lesions, as well as thickening and hyalinisation of 

small vessels [20-22]. However, in MOG-Ab patients, there was inflammatory 

demyelination lesions with complement depositions, axonal preservation and an 

increased number of MOG-negative preoligodendrocytes [52]. Demyelination in the 

context of axonal preservation created the hypothesis that MOG-Ab patients may have 

a distinct demyelinating disorder, where astrocytopathy is not a prominent feature 

(unlike NMO).  

 

CSF studies supported this proposition. CSF studies of MOG-Ab positive patients 

found elevated levels of myelin basic protein, with undetectable glial fibrillary acidic 

protein, supporting the notion that MOG-Ab is associated with demyelination without 

clear astrocyte injury. This is distinct to NMO where AQP4-Ab was associated with 

clear astrocyte injury with consequent demyelination [53]. A consequent CSF 

comparison study between MOG-Ab and AQP4-Ab patients these observations [23]. 
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The direct pathogenicity of the MOG-Ab, the distinct histopathology features, and the 

differences in clinical features observed in cohort studies led to the conclusion that 

MOG-Ab reflects a distinct disease process to NMO [23, 54-59]. Currently, it is believed 

that the Proline42 epitope on MOG appears to the be the antigenic target for MOG-Ab 

disease (MOGAD). MOG-Ab binding instigates a demyelinating process associated 

with inflammation, complement fixation and T-cell recruitment [52, 60]. 

 

Figure 4 displays the first diagnostic criteria for MOGAD, introduced in 2023 by Prof 

Banwell and colleagues. Of note, MOG-Ab seropositivity is requisite for diagnosis, and 

is in conjunction with core clinical features, and exclusion of alternate diagnoses [61] 

This criteria thus parallels the AQP4-Ab seropositive NMOSD criteria. 

 

Figure 4: 2023 Diagnostic Criteria for MOGAD 

 

 
Since the distinction of AQP4-Ab and MOG-Ab disease, rates of AQP4-Ab 

seronegative NMO have decreased. However, despite newer AQP4 -Ab assays 

demonstrating a high sensitivity and specificity of 90-94% and 95-100% respectively 

[62], recent clinical studies still report 10% of NMOSD patients as AQP4-Ab-

seronegative [63, 64]. Further, a number of patients with similar clinical features to 

NMOSD and/or MOGAD are consistently seronegative for both AQP4-Abs and MOG-

Abs. Why these patients are ‘double-seronegative’ does not appear to be understood; 



Page 24 of 97 

a possible hypothesis is that these cases may either be misclassified or have yet to be 

discovered pathologies [65]. 
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Chapter 2: Literature Review  

Included in this Chapter is an unpublished paper which is co-authored with other 

researchers. The contribution of the candidate to the co-authored paper is outlined 

below: 

 

Almost all of the sections in the paper were written by the author. The clinical picture of 

MOGAD was initially drafted in bullet form by Kate Liley in 2021, however this was 

almost entirely re-written by the author. Othewise, the MRI investigation features were 

tabulated by Unnah Leitner, and later edited/organised by the author. Professor 

Broadley kindly provided global edits to the final draft of the paper. Acknowledgments 

extend to the co-authors of this paper for their invaluable contributions.  

 

Electronically signed by Malak Habib on the 14th of August 2023 at 12:45pm.  

 

A note regarding inconsistent antibody nomenclature used in the following section. For 

consistency, it was the candidate’s intent to maintain the same terminology when 

referring to antibodies/immunoglobulins throughout the thesis. Whereas both terms are 

factually correct, immunoglobulin may be typically reserved for references to blood 

proteins, whereas “antibody” is usually used when describing disease processes; 

however, this is not prescriptive. The following paper was written in isolation to the 

remainder of the thesis (with the intent of publication) and used immunoglobulin as the 

preferred terminology more so to retain consistency with the diagnostic criteria of 

NMOSD and MOGAD. However, in the remaining sections of the thesis, AQP4-IgG 

and MOG-IgG are referred to as AQP4-Ab and MOG-Ab.  
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A Comparative Review of Multiple Sclerosis, Neuromyelitis Optica and MOG Antibody 

Disease 

Authors: 

Malak Habib 

Kate Liley 

Unnah Leitner  

Simon Broadley 

 

Introduction 

With a prevalence of 197 per 100,000 in Australia, Multiple Sclerosis (MS) continues to 

be the most prevalent immune-mediated demyelinating disease of the central nervous 

system (CNS) by far [66]. In recent times, a group of antibody-mediated CNS disorders 

that present similarly to MS have emerged. Of these, two important to note include 

Neuromyelitis optica spectrum disorder (NMOSD) and Myelin oligodendrocyte 

glycoprotein (MOG) – IgG associated disease (MOGAD) [32, 52, 67]. Like MS, these 

diseases are autoimmune, inflammatory, and associated with demyelination of the 

CNS. Unlike MS, NMOSD and MOGAD are antibody-associated diseases detectable 

in-patient serum or cerebrospinal fluid (CSF). NMOSD is propagated by an antibody 

that targets the aquaporin-4 water channels (AQP4-IgG) predominantly found on the 

foot process of astrocytes [37]. MOGAD is associated with an antibody that targets the 

myelin oligodendrocyte glycoprotein (MOG-IgG) found on myelin sheath [52]. This 

review provides an introduction to NMOSD and MOGAD, particularly in comparison to 

MS – which continues to be the most common central nervous system demyelinating 

disease. 
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Overview of Clinical Features in Demyelinating Diseases 

Before reporting the specific clinical features of each disease, there lies utility in 

discussing the conceptual framework for understanding symptomology in 

demyelinating diseases. In general, neurological symptoms can be largely predicted by 

the anatomical location of the lesion. Typically, this includes the following classification 

[15]. 

 

Table 2: An anatomical deconstruction of the clinical features common to 
demyelinating disorders 

Anatomy Term Features 
Brain (Encephalon) Encephalitis Fever, headache, disturbance in 

consciousness, seizures or focal cortical 
signs (i.e. cortical hemiparesis, visual loss, 
or dysphasia) 

Meninges Meningitis Fever, headache, photophobia, and neck 
stiffness 

Optic nerve Optic neuritis Acute visual loss (often a scotoma, “blind 
spot”) associated with painful eye 
movements, and loss of colour 
discrimination. May be unilateral or 
bilateral. 

Midbrain 
(Diencephalon) 

Diencephalic 
syndrome 

Hypersomnolence, narcolepsy, anorexia 
with substantial weight loss, or hypothermia 

Brain stem Brain stem syndrome Brain stem syndromes may result in 
oculomotor dysfunction, facial paresis or 
sensory disturbance, hearing disturbance or 
ataxia. Area postrema syndrome is a 
specific brain syndrome that affects the 
area postrema, a structure in the medulla. 
This may typically produce a characteristic 
syndrome of hiccups with nausea and 
vomiting lasting at least 7 days. 

Cerebellum Cerebellar syndromes Limb, gait or truncal ataxia, vertigo, 
tremors, dysarthria, gaze-evoked 
nystagmus 

Spinal cord Myelitis Weakness/paralysis, sensory disturbance, 
pain, and sphincter dysfunction (bladder 
and/or bowel). The term longitudinally 
extensive transverse myelitis (LETM) is 
often used as it is seen in NMOSD. 
Longitudinally extensive often refers to 3 or 
more vertebral/spinal segments, whereas 
transverse describes a diffuse cross-
sectional distribution of neurological insult.  
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The Clinical Picture of MS  

The most common clinical presentation of MS is sensory disturbance, occurring in 43% 

of patients at onset. This is closely followed by motor deficits (affecting 40% at onset) 

and then optic neuritis (affecting 25% at onset) [70]. Optical neuritis is typically 

unilateral [1]. Brainstem or cerebellar syndromes do occur; classically internuclear 

ophthalmoplegia, sixth cranial nerve palsy, facial nerve palsy/sensory disturbances are 

common [70]. Myelitis is typically partial, unlike LETM seen in MOGAD and NMOSD, 

producing an asymmetric paresis/sensory disturbance. [70] 

 

The Clinical Picture of NMOSD  

The typical presentation of NMOSD is LETM which is seen in 75% of cases at some 

point[16]. Sequential optic neuritis and transverse myelitis is common with optic neuritis 

tending to occur earlier. Simultaneous optic neuritis and transverse myelitis is relatively 

uncommon. The discovery of the AQP4-IgG has expanded the diagnostic criteria to 

include: area postrema syndrome, acute brain stem syndrome, symptomatic 

narcolepsy or acute diencephalic clinical syndrome (with NMOSD-typical diencephalic 

MRI lesions), and symptomatic cerebral syndrome (with NMOSD-typical cerebral MRI 

lesions)[15]. Optic neuritis seen in NMOSD is more commonly unilateral, much like MS. 

However, bilateral or rapidly sequential ON appears to be more specific to NMOSD. 

Visual loss appears to be more severe in NMOSD, and has a predilection for involving 

the posterior optic nerve, and the chiasm [15]. Myelitis in NMOSD appears to be 

transverse, characterised by symmetric paraparesis or quadriparesis, with symmetric 

sensory loss at and below level of lesion[15]. This is unlike MS, which is typically partial 

and consequently, asymmetric. Longitudinally extensive myelitis appears to be the 

most specific presentation to NMOSD[4]. 

 
The Clinical Picture of MOGAD  

MOGAD appears to manifest differently in paediatric populations compared to adults 

[52, 71]. Common presentations in children appear to include acute disseminated 

encephalomyelitis (ADEM), and optic neuritis syndromes [52]. ADEM is rare in adults, 

who otherwise usually experience recurrent optic neuritis, an opticospinal pattern 

(similar to NMOSD) or focal encephalitis. A prodromal infection is reported in up to 

47% in some studies [72]. MOGAD appears to have higher rates of bilateral or rapidly 

sequential ON than in MS or NMOSD [71]. Partial cord syndromes are common in all 

three diseases, however transverse myelitis is more exclusive to NMOSD and 

MOGAD. Myelitis in MOGAD appears to recovery quicker than that in NMOSD [71]. 
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Unique to MOGAD, is a greater tendency to affect the conus, which explains its higher 

rates of bowel, bladder and sexual dysfunction [73, 74]. Brain stem syndromes are 

recognised, but infrequent. The area postrema is less frequently affected than in 

NMOSD [74].  

 
Investigation Results 

Various investigation modalities assist in the differentiation between MS, MOGAD and 

NMOSD. Serology is the gold standard, where AQP4-Ab and MOG-Ab seropositivity 

are almost pathognomonic for NMOSD and MOGAD respectively. That said, other 

investigation features are important to consider, particularly in the context of 

unequivocal or unexpectedly negative serology results. Cerebrospinal fluid analysis is 

historically significant because of the well-described finding of oligoclonal bands in MS. 

Conversely, oligoclonal bands are relatively less common NMOSD and MOGAD. Very 

high protein levels are often seen in MOGAD, whereas significant pleocytosis may be 

more suggestive of NMOSD. Albumin-CSF-to-serum ratio also shows differences 

between all three diseases, and has been suggested to reflect blood brain barrier 

disruption [75]. Magnetic resonance image (MRI) patterns do differ between the 

diseases. MRI FLAIR sequences (Fluid-attenuated inversion recovery) are similar to a 

T2-weighted images (T2WI) in that water is hyperintense, though differs in that CSF 

does not appear bright. FLAIR sequences are particularly useful for detected 

inflammatory lesions, particularly those distributed around the ventricles. Gadolinium is 

a contrast agent, and enhancement patterns differ. T1 sequences are typically more 

sensitive to gadolinium enhancement, and enhancement is usually associated with 

recent disease activity [76]. Of note, optical coherence tomography (OCT) is a growing 

imaging technique that has demonstrated utility in disease differentiation. OCT uses 

light waves to produce cross-sectional images of the eye. Retinal imaging analysis is 

useful in monitoring progression of demyelinating disease. The most typical features 

include thinning of the retinal nerve fibre layer with or without thinning of the underlying 

ganglion cell layer. However, these features are typically observed up to 6 months after 

an episode of optic neuritis, and so are not helpful in diagnosis in the acute setting [77]. 

A detailed summary of the comparative investigation features of MS, MOGAD and 

NMOSD is presented in Table 3.  
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Table 3: Investigation results of MS, MOGAD, and NMOSD 

Investigation Result  MS MOGAD NMOSD 
CSF Oligoclonal 

bands 
Common [78] Rare (<10%) [54] 

 
Rare (<20%) [15] 
 

Cell 
populations 

Pleocytosis is very rare 
[79]. 
 

Very high protein counts. 
Pleocytosis may also be 
seen [54]. 

Marked pleocytosis may be 
suggestive [79]. 
 

Other Elevated albumin-CSF-to-
Serum ratio is rare [75]. 
Neurofilament light chains 
are promising [70] 

Elevated albumin-CSF-to-
Serum ratio in 25% [75] 
 

Elevated albumin-CSF-to-
Serum in 50% [75]. 
 

MRI 
Brain 

Normal In ~5% on presentation In 24-83% on presentation 
 

In 20-40% on presentation 

Pattern T2WI: Periventricular 
(Dawson’s fingers), 
juxtacortical, corpus 
callosum, pons/cerebellum. 
Ovoid or round shape. 

FLAIR: Cortical or 
subcortical hyperintense 
“fluffy” lesions; bilateral 
thalamic lesions; ADEM-
like findings in 40% of 
children; brainstem lesions 
in 30% of adults. Often 
resolve with time. 

T2WI & FLAIR: 
Peri-ependymal regions 
surrounding ventricles (inc. 
periaqueductal GM, 
diencephalon, dorsal 
pons/medulla); deep 
punctate lesions. 

MRI 
Spinal 
Cord 

Normal In ~20% on presentation. In ~10% on presentation 
 

<10 % 

Pattern T2WI:  
Short, focal lesions.  
Ring or nodular 
enhancement, typically 
around peripheral cord. 

T2WI:  
Longitudinally extensive 
TM (~70%). Often >1 
discrete lesion. Lesions 
can also involve central 
cord, and often the conus 
too. H-sign on axial view 
~33%.  

T2WI: Longitudinally 
extensive TM, short TM in 
~15% of cases. Lesions 
can also involve central 
cord with radiation to 
ependymal areas. Higher 
rates of cervical and upper 
thoracic involvement.  
 

MRI 
Orbits 

Laterality Often unilateral, though 
normal in ~80% on 
presentation 

Typically bilateral 
 

Typically bilateral 

Pattern When noted, lesions are 
often short and affect the 
infra-orbital tracts [10]. 
 
 

T2WI: Anterior optic nerve 
hyperintensity; perineural 
enhancement and oedema 
[46] 

T2WI: Optic nerve 
hyperintensity extending to 
optic chiasm. Chronically, 
Optic nerve atrophy is seen 
with T2WI hyperintensities 
[80] 

OCT Nerve fibre 
layer 

Thinning Thickening in peripapillary 
area, and thinning in 
temporal quadrants 

Pronounced thinning, more 
so than MS 

Ganglion cell 
layer 

Thinning [7] Usually normal, no thinning 
[81] 
 

Thinning, similar to MS  

Other   Microcytic macular oedema 
of the inner nuclear layer 
[82] 

     

 

  



Page 32 of 97 

Diagnosis 

The 2017 revision of the McDonald criteria is the current diagnostic criteria for MS and 

requires establishment of dissemination in space and time. This may be demonstrated 

through documented examination findings, MRI lesions, or demonstration of OCBs 

[12]. Unlike MS, MOGAD and NMOSD are antibody-mediated disorders. Seropositivity 

for MOG-Ig or AQP4-Ig (respectively) in the context of neurological symptomology 

constitutes the primary approach for establishing a diagnosis. 

 

For NMOSD, the 2015 International consensus diagnostic criteria by the international 

panel for NMO diagnosis (IPND) is used to guide diagnosis. This mostly relies on 

AQP4-Ig seropositivity in the context of clinical/radiological evidence of demyelinating 

features. Although historically, NMOSD was considered mainly an opticospinal 

disease, the discovery of the AQP4-Ig has expanded the diagnostic spectrum to 

include brain stem, diencephalic, and cerebral syndromes. If AQP4-Ig status is 

unknown or negative, additional MRI requirements are offered [15]. 

 

A new diagnostic criteria for MOGAD has only been published this year in Lancet. The 

paper was the product of an international collaboration between leading MOGAD 

researchers. The criteria has three categories: “A” clinical features suggestive of a 

clear demyelinating event, “B” positive MOG-Ab result and “C” supporting clinical and 

MR features. Interesting to note that positive MOG-Ab is requisite for the diagnosis of 

MOGAD, which is similar to the current AQP4-Ab seropositive criteria for NMOSD [61].  
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Management of MS  

Acute therapy 

High dose corticosteroids such as IV methylprednisolone 1g per day for 3-5 

consecutive days, followed by prednisolone taper is common practice. Oral therapy 

may be used in contexts where IV therapy is not available or appropriate [83]. 

 

Preventative therapy 

Current preventative therapy for MS may be classified into monoclonal antibodies, oral 
drugs, interferons, and glatiramer acetate; an overview is provided in Table 4 [84, 85]. 

 

Table 4: Current Immunotherapies for MS 

Class  Drug  Mechanism  
Monoclonal antibodies Alemtuzumab Targets CD52 

Natalizumab �7�D�U�J�H�W�V���.�����L�Q�W�H�J�U�L�Q���R�Q��
lymphocytes and some myeloid 
cells  

Oral drugs Dimethyl 
fumarate 

Thought to activate the Nrf-2 
pathway, which is protective 
against oxidative stress. 

Fingolimod Sphingosine 1-phosphate 
receptor modulator, causing 
reduced lymphocyte count 

Teriflunamide Inhibition of dihydroorotate 
dehydrogenase, a mitochondrial 
enzyme required for de novo 
pyrimidine synthesis in 
lymphocytes 

Interferons Interferon beta Poorly understood. Increases 
anti-inflammatory cytokines, and 
downregulates pro-inflammatory 
cytokines. Reduces T cell 
activation and penetration of 
blood-brain barrier [86]  

Glatiramer acetate  Synthetic protein thought to shift 
the T cell population from Th1 to 
Th2 cells 

 

Symptomatic therapy for spasticity, limited mobility, pain, fatigue, bladder, bowel, 

sexual, and psychiatric dysfunctions also constitute the holistic treatment plan [87]. 
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Management of NMOSD  

Acute therapy 

Similarly, intravenous steroids, followed by an oral taper is the first line approach to 

acute relapses [88]. Plasmapheresis can also be used as a rescue therapy for NMOSD 

patients who do not respond well with high-dose steroid (usually administered within 5 

days of partial or no response) [89]. 

 

Preventive therapy 

Immunosuppressive therapy should be commenced for patients with AQP4-IgG at first 

attack [4]. Patients commenced on immunosuppressive therapy should be treated for 

at least 5 years, in the absence of further relapses [89]. Evidence from retrospective 

studies has supported the use of azathioprine (2-3 mg/kg/day) or mycophenolate 

mofetil (2-3 g/day), with or without low-dose steroids. An induction and maintenance 

protocol using azathioprine, or mycophenolate mofetil was traditionally used, though in 

recent rituximab may be considered first line due to its efficacy [4, 89]. In the past few 

years, seven important randomised clinical trials addressing the efficacy of NMOSD 

therapy have emerged (2 comparative trials, and 5 against placebo)[90-96]. From 5 

randomised double-blind trials, four monoclonal antibodies have demonstrated 

significant efficacy in reducing NMOSD relapses compared to placebo: Rituximab, 

Inebilizumab, Satralizumab, and Eculizumab. 

 

Table 5: Novel Immunotherapies for NMOSD 

Class Drug Target 
Monoclonal antibodies 
that deplete B cells 

Rituximab Targets CD20 
Inebilizumab Targets CD19 

Monoclonal antibodies 
that interfere with IL-6 
signaling 

Toxilizumab Inhibits activity of IL-6 
Satralizumab Blocks IL-6 receptors 

Monoclonal antibodies 
that interfere with 
complement activation 

Eculizumab Targets C5 complement 
factor[97] 

 

Of note: rituximab and eculizumab appear to control relapses the most, with ARR of 

0% and 3% respectively [97]. Azathioprine appears to be significantly less effective at 

relapse prevention than tocilizumab or rituximab [90, 95]. Interestingly some therapies 

used in the treatment of MS have been found to be unhelpful in the treatment of 

NMOSD. Interferon-beta 1 b does not improve NMOSD burden, and possibly even 

worsens NMOSD relapses as reported in case series’ [98-100]. There is also reports of 
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NMOSD patients who were misdiagnosed as multiple sclerosis deteriorating after 

commencement of natalizumab [101]. In one report, fingolimod was associated with the 

development of extensive brain lesions when used in NMOSD [102] 

 
Management of MOGAD  

Acute therapy 

Much like MS and NMOSD, acute steroid therapy is appropriate for attacks [52]. 

Prolonged corticosteroid therapy with a slow taper (over 6-9 months) is increasingly 

accepted as first line treatment following first presentation [52, 72, 74]. Relapses tend 

to be observed when prednisolone dose falls below 10mg/day, when tapering takes 

place over less than 2 months, or within the first few months following cessation [52, 

72].  

 

Preventative therapy 

A prospective analysis of treatment in patients with MOGAD showed one third relapsed 

despite B cell depletion [103]. Retrospective studies of rituximab, azathioprine, 

mycophenolate, IVIg and corticosteroids demonstrate reductions in relapse rate, better 

EDSS at follow-up, and that maintenance immunosuppression should be instituted in 

patients with a relapsing disease course [52, 72, 104, 105]. Treatment with 

cyclophosphamide, methotrexate and mitoxantrone was too infrequent to extrapolate 

therapeutic efficacy [105]. 

 

Conclusion 

Although MS is typically the most common demyelinating disease, it is by no means 

the only one. NMOSD and MOGAD are both pathologically distinct, antibody-

associated demyelinating diseases of the central nervous system, and are important 

differentials for acute onset central neurological symptoms. Their clinical presentations 

often overlap and are not always easily distinguishable. Although seropositivity is the 

mainstay for diagnosis, some patients are seronegative; some clinical settings may 

also not have access to antibody testing which makes accurate diagnosis more 

difficult. Improving our understanding of the clinical differences between MOGAD and 

NMOSD will improve diagnostic accuracy in these settings. 
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Chapter 3: The Role of this Project  

3.1 Opportunity for Intervention  and Significance  

The emergence of MOGAD as its own disease entity has created a demand for 

accurate characterisation of its features. Patients with what is now known as a MOG-

Ab mediated disease, were previously distributed amongst other clinical populations 

such as NMOSD, acute disseminated encephalomyelitis, focal encephalitis, as well as 

optic neuritis and transverse myelitis syndromes (amongst others). The implication of 

this, is that there is little research extensively describing the features of MOGAD. At the 

time of this project’s inception, there were no epidemiological studies of MOGAD 

(however since, few have emerged). There are also few clinical studies that exclusively 

describe the clinical features of MOGAD; much of the current understanding is drawn 

retrospectively from distributed data across the aforementioned clinical populations. A 

study reporting the epidemiological and clinical features of MOGAD would provide 

valuable and necessary contributions to the research and clinical environments.  

 

Similarly, whilst there are plenty of studies investigating NMOSD, many have included 

MOG-Ab positive in AQP4-Ab seronegative populations. In which case, there is 

adequate opportunity to contribute more accurate data about the epidemiological and 

clinical features of NMOSD.   

 

Further, the opportunity to conduct a comparative study of NMOSD and MOGAD within 

the same study design would be highly valuable. Comparing clinical studies of different 

diseases from different geographical locations, conducted by different research teams, 

is inherently associated with an uncontrollable threat of bias. Differences in recruitment 

approaches, data collection and reporting etc. create limitations to the accuracy of 

these comparisons. Conducting a comparative cross-sectional study of NMOSD and 

MOGAD within the same population frame not only provides value by means of 

describing both diseases, though also from the unique validity of comparative 

conclusions drawn from a unified methodological design.  
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3.2 Title  

The epidemiology and clinical features of Neuromyelitis optica spectrum disorder 

(NMOSD) and MOG antibody related disease (MOGAD) in Gold Coast. 

 

3.3 Lay Title  

Comparing the frequency, demographic features, signs and symptoms, and disease 

course of Neuromyelitis optica spectrum disorder and MOG antibody related disease in 

the city of Gold Coast, Queensland.  

 

3.4 Context and Overarching Goals  

This project was intended as a pilot to a larger state-wide study. The overarching goal 

of the research team was to conduct a Queensland-wide comparative study of NMOSD 

and MOGAD, reporting the epidemiology, clinical features, and diagnostic results of 

both diseases. However, such study was far beyond the means of an 80-credit point 

(two semester) thesis. Rather, it was deemed appropriate to test the methodology on a 

smaller population, both to stay within the scope of the time/work constraints, and to 

validate the study design. The city of Gold Coast was selected as the population frame 

of the study. The research outcomes were also restricted to the epidemiology and 

clinical features of both diseases only, as compiling and reviewing diagnostic results 

was anticipated to demand significant work and time. As such, the primary focus of the 

study was to collect accurate epidemiological information (particularly prevalence) and 

validate the efficacy of the intended clinical survey questionnaire. The secondary focus 

was to provide a preliminary comparison of the clinical features of both diseases. 

These outcomes would support the refinement of and inform the execution of the larger 

state-wide study.  
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3.5 Aim  & Objectives  

Aim: To conduct a pilot epidemiological and clinical comparative study of NMOSD and 

MOGAD in Gold Coast 

 

Objectives: 

1. To identify all cases of NMOSD in Gold Coast 

2. To identify all cases of MOGAD in Gold Coast 

3. To conduct a clinical survey, that collects epidemiological and clinical 

information about NMOSD and MOGAD 

4. To review clinical records to validate, verify, and supplement the information 

collected from the clinical survey 

5. To report the epidemiology (prevalence, age of onset, sex distribution, ethnicity 

distribution, etc.) of both diseases in Gold Coast 

6. To report the clinical features of both diseases 

7. To gain insights about the success of the study design to inform a future state-

wide study  
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Chapter 4: Methods 

It is important to note that the study design of this project changed significantly over the 

course of the candidature. A chronological report of the methods and developments is 

provided below.  

 

4.1 Initial Intended Methodology  

The project was intended as a cross-sectional mixed methods study of NMOSD and 

MOGAD in Gold Coast (and later, Queensland). Case identification and recruitment 

was intended to occur through a thorough network of public and private health care 

institutions to ensure that an accurate prevalence measure was reported.  

 

The principal supervisor was Professor Simon Broadley, a senior Neurologist at the 

Gold Coast University Hospital, and Professor of Neurology at Griffith University. 

Professor Broadley’s research team had previously conducted an epidemiological and 

clinical study of NMOSD in Australia and New Zealand (ANZ) in 2017 [63, 64]. During 

which, a Queensland-wide referral network was established to ensure all cases of 

NMOSD were captured. Prior to discussing this network, a brief discussion of health 

care delivery in Queensland (QLD) was included for context. 

 

Public health care delivery in QLD is co-ordinated by an organisation called 

Queensland Health. Queensland Health has divided the state of Queensland into 16 

hospital health service (HHS) areas that in culmination, cover the entirety of the 

geographical area of Queensland. Conceptually, each HHS area functions largely 

independently, where the intention is to deliver a “complete” set of health care services 

to an area across the different facilities (i.e. hospitals) within the HHS. Naturally, some 

highly specialised health care services may only be available at certain tertiary centres, 

and if such care is required, patients may be transferred between HHS areas. Figure 6 

is a map of the HHS areas in QLD.  
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Table 6: Queensland HHS, Peak referral hospitals, and tertiary status [107] 

HHS Referral Hospital  Status  

Metro North Royal Brisbane & Women's Hospital Tertiary 

Metro South Princess Alexandra Hospital 

Gold Coast Gold Coast University Hospital 

Children's Health Queensland Queensland Children's Hospital 

Townsville Townsville University Hospital 

Sunshine Coast Sunshine Coast University Hospital 

Cairns and Hinterland Cairns Hospital Non-Tertiary 

Central Queensland Rockhampton Hospital 

Central West Longreach Hospital 

Darling Downs Toowoomba Hospital 

Mackay Mackay Base Hospital 

North West Mount Isa Hospital 

South West Roma Hospital 

Torres and Cape Thursday Island Hospital 

West Moreton Ipswich Hospital 

Wide Bay Hervey Bay Hospital 

 

NMOSD and MOGAD are highly specialised and rare diseases. In the public setting, 

they are almost exclusively managed at tertiary centres in Queensland. It is possible 

that patients with NMOSD or MOGAD present acutely to non-tertiary hospitals, though 

almost certainly an inter-hospital transfer would occur to the closest tertiary hospital in 

such circumstances. As previously employed in the 2017 ANZ NMOSD study, 

representatives from each tertiary centre were engaged in the research project and 

constitute the public arm of the referral network. This is shown in Table 7. 
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Table 7: Participating Referring Clinicians at Queensland's Tertiary Hospitals 

Hospital  Referring Clinician  

Royal Brisbane & Women's Hospital Zara Ionnides 

Princess Alexandra Hospital Stefan Blum 

Gold Coast University Hospital Simon Broadley 

Queensland Children's Hospital Kate Riney 

Townsville University Hospital Mike Boggild 

Sunshine Coast University Hospital Joshua Barton 

Cairns Base Hospital1 Kimberley Forrest 
1Although not yet a tertiary hospital, Cairns is a large hospital and service a large population and was included to 
maximise capture. 

 

Similarly, a network of private sub-specialist neurologists treating non-MS 

demyelinating diseases of the CNS in Queensland was established. This comprised of: 

 

Table 8: Private Referral Network of Neurologists 

Private Institution  City  Clinician  

Independent Practice Gold Coast Simon Broadley 

Brisbane Neurology Brisbane Stefan Blum 

Alexandra Neurology Brisbane Mark Paine 

Cadogan Medical Brisbane Zara Ionnides 

St. Andrew’s War Memorial Hospital Brisbane Pamela McCombe 

Independent Practice Cairns Kimberley Forrest 

Townsville Neurosciences Townsville Mike Boggild 

Beach Brain Sunshine Coast Joshua Barton 

Note, often there were multiple clinicians known to the research team working at each private centre. Only one 
practitioner was included for demonstration purposes. 

 

The treatment of non-MS demyelinating diseases is focused area of neurology, and the 

network of relevant neurology specialists is small. Hence, with reference to the private 

arm of the referral network, clinicians are well known to each other. It was not 

anticipated that there would be cases being treated by other private neurologists not 

included in the referral network. That said, the research team was to extend an 

invitation to other private neurologists who have made reference to interest in 

neuroimmunology/demyelinating diseases on their private practice websites.  
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Since MOGAD is prevalent within the paediatric population, further expansions of the 

network were necessary. Of note, Dr. Harry Singh (a paediatric neurologist) was known 

to the team and was to be integral in expanding the state-wide network to including 

paediatric neurology cover.  

 

Clinicians in the referral network would not specifically be involved in the research 

project, hence foregoing the consequent necessity for ethics and governance 

approvals at multiple sites. Rather, the clinicians would merely serve as a referrer to 

the research team (with the patients’ consent). Formal consenting and data collection 

would occur by the research team.  

 

The Lincoln-Peterson capture-recapture method was planned to be used to estimate 

the prevalence of NMOSD and MOGAD in Gold Coast, and later Queensland [108]. 

The initial “capture” of NMOSD and MOGAD cases was to come through the public 

and private arms of the referral network. The second capture was to come from 

laboratory-identified cases of AQP4-Ab and MOG-Ab seropositivity. Currently in 

Eastern Australia, there are two laboratories that test for NMOSD and MOGAD 

antibodies. The Immunology Laboratory of Pathology in Brisbane has a fixed cell-

based assay for both AQP4-Ab and MOG-Ab, whereas the Westmead Immunology of 

Laboratory has a flow cytometry live cell-based assay for MOG-Ab. After completing 

the first capture, the plan was to send the Brisbane and Sydney laboratories the 

demographic details of our recruited participants for two purposes: 

1. To confirm their antibody serological results 

2. To receive a count of any antibody-seropositive cases that were not captured in 

the first capture. 

 

The study would consent the participants for seeking and accessing their medical 

records and investigation results. As such, the participant names sent to the 

laboratories to confirm serology results would not constitute a breech of confidentiality. 

For the cases missed by the research team, the laboratories would not disclose any 

clear identifying. Rather, the plan was for the laboratories to provide minimal non-

identifying information for the sole purpose of epidemiological reporting, including: 
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1. Age 

2. Sex 

3. Post code 

4. Year of Serological Diagnosis 

 

This information was strictly not to be used strictly for further identifying participants 

there were not captured, but rather, to merely accurately report epidemiological 

information about NMOSD and MOGAD. For purposes that will be discussed in later 

section, this method has not yet been executed. Nevertheless, a thorough 

demonstration of the intended capture-recapture calculation was provided. 

 

To demonstrate this process, the prevalence of MOGAD in Gold Coast will be used as 

an example (though this would likewise be repeated for NMOSD). 

 

Let N be the true number of MOGAD cases in Gold Coast, that would be perfectly 

determined if i.e. every single resident of Gold Coast was evaluated for MOGAD.  

Now given that such approach would be largely unfeasible and ethically unacceptable, 

an estimate of N is to be calculated (�0
á.). 

 

Through the rolling recruitment process from public and private health care institutions 

in Gold Coast, a first “capture” of MOGAD patients will occur (let so be represented by 

n1). After submitting the list of capture participants to the aforementioned Brisbane and 

Sydney laboratories, the research team will receive confirmation of which participants 

the laboratories had serology results for and a de-identified list of cases that were not 

captured. The combined number of “confirmed” and de-identified cases by the 

laboratory will constitute the second capture, n2. Of n2, m would have been the number 

of “confirmed” cases by the laboratory (i.e.  the number of “re-captured” cases) [109]. 

 

As such, the estimate of the prevalence of MOGAD (�0
á) would be calculated as follows  

�0
á=
�J�5�J�6

�I
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Further epidemiological and clinical information were to be collected through means of 

a clinical survey. When the candidate commenced his candidature, previous work had 

already been completed by a research team member, Miss Sofia Sanchez, in the form 

of: 

�x An initial draft of a paper survey form, collecting demographic and clinical 

information about NMOSD and MOGAD 

�x Ethics approval 

 

The candidate was initially heavily refining the paper survey and planning the logistics 

of its distribution and use. However during this process, it became apparent to the 

research team that introducing an online survey (to replace the paper survey) for this 

project may provide significant logistical advantages. This is discussed at length in the 

discussion section of this thesis. Consequently, the primary goal of the candidate’s 

thesis was shifted to predominantly focus on the development of a successful 

electronic survey tool that will later be employed as part of the larger state-wide study. 

 

4.2 Executed Methodology  

4.2.1 Methodological Approach 

The refined project was structured in four stages. The first stage was to develop a 

novel electronic clinical survey form using an online survey tool. The second stage was 

to run a pilot study on a small cohort to trial and refine the online survey. This process 

would involve recruitment, consenting, and collecting data directly from participants. 

The third stage was to assess the functional utility of an online survey by extending the 

test cohort to the whole of Gold Coast and comparing the accuracy of self-reported 

clinical data to prior medical records. A Gold Coast-based prevalence estimate was 

intended to be performed in this stage. Finally, the fourth stage was to expand the data 

collection process to the whole of Queensland as previously described. Within the time 

and workload limitations of this thesis (80 credit points – only two full time semesters), 

it was predicted that the candidate would achieve at least Stages 1 and 2 prior to 

submission. It was the hope that Stage 3 would also be completed within this time 

frame, though the research team were aware that this may not be feasible. 

 

As such, the aim and objectives of this project were refined as follows. 
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Aim: To develop an electronic survey form to collect demographic and clinical 

information about NMOSD and MOGAD with the intent of later deploying the survey as 

part of a state-wide study of both diseases in QLD.  

 
Objectives 

1. To build an electronic survey form that collects demographic and clinical 

information about NMOSD and MOGAD 

2. To trial the survey form on a small group of participants within Gold Coast, and 

gain insight into necessary adjustments 

3. To conduct a pilot study to illustrate the success of an online survey tool by 

comparing self-reported clinical information to prior documented medical 

records. As part of this pilot study, to report the prevalence, epidemiological 

features and clinical features of NMOSD and MOGAD in the city of Gold Coast  

 

As such, this project was a mixed-methods study. Objectives 1, 2, and 3 would 

constitute a developmental research design intended on producing and demonstrating 

the success of a clinical data-collection tool. Objective 3 would also constitute a cross-

sectional epidemiological and clinical study of NMOSD and MOGAD in Gold Coast. 

 

4.2.2 Project Status at the Time of Submission 

The workload created by designing and building a highly intricate and powerful online 

survey was tool was such that even prior to the execution of Objective 3, the work 

performed and time spent by the candidate had far exceeded the constraints of an 80-

credit point (2 semester) thesis. At the time of writing this thesis, the following were 

achieved: 

�x A highly functional electronic data base was built using the Research Electronic 

Data Capture (REDCap) software. 

�x Given significantly changes to methodology, a new ethics application was 

necessary. New ethics approval was successfully attained from Griffith 

University’s Health and Research Ethics Committee (HREC). The necessity to 

submit a new ethics application (as opposed to ammending the prior one) 

resulted in significant delays.  

�x The survey was successfully trialled on a sample of NMOSD and MOGAD 

cases including (though not limited to) Gold Coast. This sample presumably 
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included all known private cases of NMOSD and MOGAD in Gold Coast within 

the referral network.  

�x A Gold Coast Hospital and Health Service (GCHHS) ethics application was 

written and submitted in full to the GCHHS HREC. The complexity of the project 

was such that multiple clarifications were sought and responded to. 

Clarifications were particularly sought about the capture-recapture methodology 

involving the Brisbane and Sydney laboratories. This culminated to a recent 

meeting with the GCHHS chair, where the project was discussed at length, 

following which the research team was informed that the project would be 

approved on resubmission. Currently, the GCHHS ethics application is being 

refined and is pending resubmission. Consequently, this process resulted in 

significant delays.  

�x Since GCHHS ethics had not yet been granted within a timely manner, 

recruitment of NMOSD and MOGAD from GCUH has not yet commenced. 

 

The current state of the project was discussed prematurely to provide context for the 

following sections. The remainder of the methods section is discussed chronologically. 

 

4.2.3 Power Calculations 

Power calculations were performed to determine the sample size necessary to 

determine a significant difference between two prevalence rates. These were 

performed in the context of the Gold Coast-based study, though will need to be re-

performed for the Queensland-based study.  

 

The two studies that had investigated the prevalence of MOGAD a the time of these 

calculations reported a prevalence of 2.5 per 100,000 (Italian population) and a 

prevalence of 0.2 per 100,000 (Malaysian population) [68, 110]. For sample size 

calculations, the prevalence estimate of the Italian population was used because it is 

ethnically most similar to Gold Coast (predominantly Caucasian population, of 

European origin). Also the prevalence of NMOSD in Australia was reported as 0.70 per 

100,000 [64], and neurology specialists within the research team anecdotally report 

that MOGAD may be approximately twice as prevalent as NMOSD in their clinical 

practice. Hence an estimate of 2.5 per 100,000 seems more appropriate than 0.2 per 

100,000.  
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Power testing was performed with the G*Power 3.1.9.7 software, with the following 

constraints: 

�x Test family: z tests 

�x Statistical test: Proportions: Difference between two independent proportions 

�x Type of power analysis: A priori: Compute required sample size – given �=, 

power, and effect size. 

�x Tails = Two 

�x Proportion p2 = 0.000007 (NMOSD) 

�x Proportion p1 = 0.000025 (MOGAD) 

�x �= error prob = 0.05 

�x Power (1 – �Ú error prob) = 0.8 

 

The recommended sample size was 775,182 [111, 112]. 

 

The sample population was the population in Gold Coast. The 2021 census for Gold 

Coast (Statistical Area 4) reported 640,778 persons in Gold Coast [113]. The Gold 

Coast primary health network’s needs assessment for 2022 has cited an annual 

population growth of 2.5% in Gold Coast (from 2015 to 2020). As such, the population 

of Gold Coast in 2023 can be estimated as 673,217 [114]. 

This is reasonably close to the sample size group required above (87% of the required 

sample size). As such, this population estimate can be used to then back-calculate the 

power of the study. 

 

Using:  

�x Proportion p2 = 0.000007 (NMOSD) 

�x Proportion p1 = 0.000025 (MOGAD) 

�x �= error prob = 0.05 

�x Tails = Two 

�x Sample size = 673,217 

�x The power calculated of the study was calculated to be 0.74.  

 

A power of 0.74 is impressive given the rarity of both diseases (where a power of 0.8 is 

commonly used). Even if the power of the study was significantly lower than 0.74, the 
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research team do not believe this would have deterred the significance of the study 

due to the remarkably low amount of prevalence data available. 

 

4.2.4 Survey Development  

The Initial Intended Paper Study 

As previously outlined, initially the survey form was paper-based, prior to the decision 

to shift the survey online. The paper survey will be discussed briefly as it constituted a 

notable part of the candidate’s workload during the candidature.  

 

When the study was still planned as a paper survey, the plan was to mail patients a 

paper letter outlining the project goals with request for signed consent as well as a 

paper survey document for them to complete. The package posted to participants was 

planned to have return post already paid for. A very brief cost assessment is presented 

in Appendix A.  

 

The paper survey form is also attached in Appendix C. The survey was divided into 

three main sections:  

�x Section A = the Patient Interview 

�x Section B = The Neurological Assessment 

�x Section C = Investigation Results 

 

The rationale behind the survey format was that section A would comprise of the 

demographic information and past medical history. This included questions about age, 

gender, ethnicity, age of consent. It would also list questions about past 

NMOSD/MOGAD attacks, admissions and treatments. This would be used to report the 

clinical features of both diseases, and the relapse pattern. Data about treatments was 

intended to be used for future research. Section B would be conducted as a clinical 

assessment of current symptoms and examination features. This section was to either 

be performed by referring clinicians (should the patients consent to the survey), to be 

conducted locally at Griffith University (should the participant be local to the Gold Coast 

area) or was to be collated from the patients’ most recent review appointment 

documentation. The primary purpose of this assessment was to understand the 

persisting morbidity associated with each disease, and quantity their disability status. 

The expanded disability status scale (EDSS) was included in Section B of the 

assessment. The modified telephone EDSS assessment was kindly sourced from a 
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colleague Dr. Lechner Scott was included to calculate the EDSS remotely should there 

not be an opportunity to examine a participant in person [115]. 

Finally, Section C would have been mostly from the chart review and would detail the 

investigation results of each patient. The consent form included consent for the 

research team to seek the participants’ investigation results, and permission to chart 

review their clinical records (either privately or publicly) to collect and confirm further 

information only related to their neurological diagnosis. This chart review process 

would include reviewing the documented history and examination features in their chart 

(both recently, and historically to track their relapse history). Sourcing investigation 

results also would have allowed confirmation of serology, access to pathology results 

and imaging scans.  

 

The invitation letter and consent form of the study are attached in Appendix B.  

 

The First Iteration of the Online Survey – Microsoft Forms 

After the decision was made to build an online survey, the research team selected 

Microsoft Forms due to its ease of use, availability, and security (given its password 

protected under Griffith University’s IT control). The structure and questions asked in 

this survey form were similar to the paper survey. An export of the survey is visible in 

Appendix E. For multiple reasons to be discussed later, the Microsoft Forms platform 

was deemed unsuitable for the research team. The decision was made to abolish the 

already completed Microsoft Forms survey, and rather to use the REDCap survey 

software (the rationale behind which is discussed at length in later sections).  

 

The Second (and Current) Iteration of the Online Survey - REDCap 

The survey was successfully transitioned to the REDCap survey platform over multiple 

months. A thorough discussion of the REDCap survey will be reserved for the results 

and discussion sections, since the primary objective of this research project was the 

successful development of an online survey.   

 

As outlined in the “recruitment/selection” section, participants were referred to the 

research team from the referral network. Referrals received had basic identifying 

information, contact information, and serology status. The contact details on the 

referral were used to contact the patients. Where possible, the email of the participant 
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was confirmed via a preceding phone call to ensure that the link to the survey would 

arrive in an email inbox readily accessible by the participant.  

 

A tabulated list of each participant and their survey status was maintained, and 

participants were gently prompted with follow up emails if their survey completion was 

still pending. This process is still ongoing.  

 

The REDCap survey included a feedback section at the end which was used to make 

gradual adjustments to the survey form. The participants recruited during this stage 

were recruited out of convenience (mostly being those previously known to research 

team). The decision to transition the project from stage 2 (survey development) to 

stage 3 (a pilot study in Gold Coast) was made informally after there were no apparent 

significant adjustments necessary to the survey design before trial. This decision was 

not founded on clear metrics because the plan was to use the Gold Coast pilot study 

data to formally analyse and reflect on the success of the survey tool itself. The 

purpose of trialling the survey tool first with a smaller group of participants was mostly 

to ensure that the survey would be overtly functional (as in, participants would be able 

to successfully open the survey, fill out the sections, complete the survey, and that the 

data would successfully populate into output files). A staggered recruitment method 

was used where 5 participants were recruited every 2-4 weeks to allow iterations to be 

made in between survey responses. There were no significant changes made to the 

survey structure to necessitate repeat responses from earlier respondents.  
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4.2.5 Ethics Approval 

Following development of the new REDCap survey, (and prior to participant 

recruitment) ethics was sought and successfully attained from the Griffith University 

Health Research Committee. The approval number is: GU HREC 2021/705. 

 

As mentioned, the project also has a pending Gold Coast University Health Research 

Committee ethics application. The application number is: HREC/2023/QGC/90908. 

 

4.2.6 Study Sites 

A cross-sectional study of NMOSD and MOGAD cases was performed. Since GCHHS 

ethics was still pending, participants were not recruited from the “public arm” of the 

referral network. As such, the study population included NMOSD and MOGAD being 

treated by a private Neurologist in Gold Coast. Of note, cases were also recruited from 

the research database of the Neurology research team at the Griffith University 

Menzies Health Institute. Cases previously known to the research team (who had 

consented to be contact regarding future research) were recruited to maximise case 

capture. Although arguably, all cases of NMOSD and MOGAD would expectedly be 

captured by the public/private referral network (as this covers the landscape of all 

treating neurologists in Gold Coast), because the public arm of the referral network 

was still not employable, recruitment through the Griffith University research database 

occurred to expand the recruitment data base prior to thesis submission. 

 

4.2.7 Recruitment/Selection 

Recruitment was performed using a rolling recruitment design, commencing after 

Griffith University ethics was successfully sought (and is still ongoing). As mentioned, 

participants were referred to the research team from the “private arm” of the referral 

network, or from the Griffith University Neurology research database. Patients 

attending private neurology practices were asked for permission to be referred to our 

research team, with their consent documented in local medical records. Important to 

stress that this referral process did not constitute adequate or sufficient consent to 

participate in the study, though rather was merely a referral process (much like a 

primary care physician would refer a patient to a specialist). The criteria for referral 

(and thus inclusion) was simply an individual with neurological signs or symptoms and 

either AQP4-Ab or MOG-Ab seropositivity. 
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For the purposes of accurately reporting the epidemiology and clinical features of 

NMOSD and MOGAD, the inclusion criteria was: 

�x For NMOSD patients: The AQP4-Ab seropositive (“strict”) diagnostic criteria 

outlined in the 2015 consensus paper led by Prof Wingerchuk [15]. 

�x For MOGAD: The new 2023 International MOGAD Panel proposed diagnostic 

criteria, published by Prof Banwell [61] (note MOG-Ab seropositivity is a 

requisite feature). 

 

The rationale behind selecting seropositive cases only was the increased degree of 

certainty (and specificity) associated with ensuring that all participants truly had 

NMOSD or MOGAD (and were not either misdiagnosed, or in reality had a pathology 

that is yet-to-be discovered). This decision is supported by the history behind the 

emergence of NMOSD and MOGAD. NMOSD patients were previously inaccurately 

believed to have an opticospinal phenotype of MS, and similarly, MOG-Ab-positive 

patients were commonly reported in NMOSD (amongst other populations). Since 

distinguishing MOGAD from NMOSD, the AQP4-Ab seronegative rates have 

decreased from approximately 30% to 10%. In light of highly accurate assays, there 

still lies ongoing suspicion that a proportion of persistently AQP4-Ab seronegative 

patients may indeed be misdiagnosed [62-64]. Using only AQP4-Ab seropositive 

patients (and inevitably MOG-Ab seropositive patients, as it is requisite in the 

diagnostic criteria) likely decreases the possibility that misdiagnosed participants are 

recruited.  
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The Gold Coast study is still active, and preliminary data is reported in later sections for 

illustration purposes. Of note, since the GCHHS health research ethics application 

(HREA) is still pending, no chart reviews of medical records has yet been performed. 

Although under the Griffith University HREA, this is could have commenced for the 

recruited private patients, this has not yet been completed as the chart review stage 

was planned to commence after all participants in Gold Coast were recruited. As such, 

the history reported in the clinical survey was used (without support from physical 

examination findings from medical records) to evaluate if a participant satisfied the 

relevant diagnostic criteria (the limitations of which are discussed in later sections). 

 

From the cases recruited, a measure of the prevalence was calculated mostly for 

illustration purposes. It is believed by the research that that almost all non-public cases 

of NMOSD and MOGAD have been recruited. Cases included in the prevalence 

calculations had a post code within the city of Gold Coast.  

 

Geographical boundaries were defined as per the Australian Statistical Geography 

Standard (ASGS) Edition 3. The ASGS is a hierarchal classification of statistical areas 

in Australia for the purposes of publication and analysis of Australia’s population by the 

Australian Bureau of Statistics. It was the geographical classification system used in 

the 2021 census, and is reported to be the reference standard until review in 2026 

[116]. 

 

4.2.8 Consent 

Consent was sought on the first page of the online clinical survey. The full clinical 

survey is attached in Appendix E. At the beginning of the survey form was an extensive 

study information page outlining all the relevant information necessary for participants 

to make an informed decision about their participation. Following this was a formal 

consent page that required a digital signature to register valid consent. A screenshot of 

this is demonstrated below (with the student candidate’s details as an example).  
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4.2.10 Outcomes Measures 

The outcome measures for this project directly address the refined objectives outlined 

earlier. The primary outcome measure was to build and test a functional digital survey 

form to collect demographic and clinical features about patients with NMOSD or 

MOGAD. The secondary outcome measure was to conduct a pilot study of NMOSD 

and MOGAD cases in Gold Coast and collect data about the regional prevalence, 

demographic, and clinical features of both diseases. The intent of the secondary 

outcome was more so to verify the validity of the online survey tool to inform and guide 

the execution of the state-wide study to follow.  

 

4.2.11 Data Collection 

Data collection was exclusively conducted through the online REDCap survey form. 

Pending GCUH ethics approval, data will also be obtained from multiple other sources, 

as previously described: 

�x Private medical records from referring specialist practitioners 

�x iEMR records 

�x Paper medical records from non-iEMR hospitals 

�x AUSLAB 

�x PACS (and private radiology services using practitioner log-ins) 

�x The Brisbane and Sydney laboratories 

The above will be discussed further in later sections. 

  

Population estimates for Gold Coast were obtained from the Australian Bureau of 

Statistics 2021 census data. 2021 data was used (and not projected 2023 data) 

because age-stratification was necessary. The validity of (and solutions to) this will be 

discussed in the discussion.  

  

4.2.12 Data Storage and Confidentiality 

All data has been retained in the password-protected Griffith University REDCap 

database. There has been no breach of confidentiality.  

 

4.2.13 Data Analysis and Statistical Considerations 

Screenshots of the built surveys were included in the results section to demonstrate 

the work created. An observational report of the advantages and disadvantages of 

each survey method trialed (paper, Microsoft Office, and RedCap) was performed. 
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The recruitment and retention statistics for participants either previously known to the 

research team, or newly recruited through private specialists were tabulated.  

 

Otherwise, the data from all completed survey responses to date has been included in 

the results section. As mentioned, this data is highly preliminary, and was presented as 

a “proof-of-concept”. The Gold Coast-based study is currently still ongoing. 

 

Basic demographic data (such as age, sex, gender etc.) was reported descriptively. 

Continuous data was reported using a median (if not normally distributed) or mean (if 

normally distributed). Basic normality testing for continuous data was simply performed 

by calculating skewness and kurtosis (where normally distributed data falls within +/- 3 

of each). This was done for the purpose of illustrating the collected data, though 

formally, normality testings would have been performed using Kolmogorov-Smirnov 

and Shapiro-Wilk tests. Frequencies of clinical features were expressed as n/N (%). 

Comparative statistical analysis were not conducted since the study is still ongoing. 

However the intended statistical plan will be noted in brief for reference. Given the 

majority of the data is to be categorical, chi-square analyses are to be conducted on 

the frequencies of clinical features in NMOSD and MOGAD. Statistically significant 

differences will be included in a multiple logistic regression analysis. 

 

Although the capture-recapture methodology has not yet been executed, because the 

first “capture” has not been adequately performed (pending referral of public patients), 

an estimate of the prevalence based off the currently recruited cases was performed. 

This was more for demonstration of the intended methodology. An age-standardised 

prevalence calculation was performed. Age-stratified population data was sourced from 

the Australian Bureau of Statistics. [113]. The Poisson distribution was used to 

estimate the 95% confidence interval for the prevalence measures.  

 

Future formal data analysis is to be overseen by the Associate Supervisor, Professor 

Jing Sun (Professor of Statistics).  
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4.3 Future directions  

Currently participant recruitment has extended to all of the known/referred cases of 

NMOSD and MOGAD in Gold Coast. GCHHS HREA approval will then allow the 

research team to continue the project as follows: 

1. The research team will be able to recruit participants being treated by Gold 

Coast Hospital and Health Services (NMOSD and MOGAD cases are treated at 

the Gold Coast University Hospital Multiple Sclerosis Clinic).  

2. The research team will be able to chart review the clinical records of the 

participants to confirm the information provided, and to source investigation 

results.  

3. The “recapture” stage of the capture-recapture methodology will be executed. 

 

The recruitment process from GCHHS will be identical to that outlined earlier. A rolling 

recruitment method will be used. Participants attending the GCUH in-patient or out-

patient neurology services with a diagnosis of NMOSD or MOGAD will be asked for 

permission to refer to the research team. Consent will be documented in local records. 

Once referred to the research team, participants will be recruited as per the processes 

described earlier.  

 

Context will be provided about the medical record system in Queensland to explain the 

processes involved with the intended chart reviews. Most HHS in Queensland use an 

electronic medical record system by the name of iEMR that allows access to any 

hospital records at any hospital that uses the iEMR system. This remarkably useful 

because it allows medical records at various hospitals to be viewed remotely. For non-

iEMR hospitals, the plan is to request the relevant paper copies of the patient’s chart 

related to their neurological condition be sent to the research team, using the written 

consent of the patients to prove permission. Pathology results are easily accessible on 

Queensland Health’s electronic “AUSLAB” software that allows remote access to any 

pathology results for QLD hospitals. Imaging results were going to be accessed using 

the PACS (Picture archiving and communication system) which is a platform shared by 

all public and most private radiology services. Although this platform is common 

between radiology services, it does still require images be transferred from individual 

databases between practices. 
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5.2 A Review of Survey Modalities  

Table 9: An experiential review of the paper survey vs. Microsoft Forms vs. REDCap 

Category  Feature  Paper Microsoft 
Forms  

REDCap 

Distribution Automated distribution 
(  
*  
,  
Difficulty of distribution 
(  
,  
,  

Survey 
Structure 
and 
Development 

Wide variety of question styles 
,  
(  
,  
Ability to capture a signature 
,  
(  
,  
Extensive aesthetic customisability 
,  
(  
,  
Implementable branching tools 
*  
*  
,  
Ease of use 
,  
,  
*  
Ability to amend after distribution 
(  
,  
,  
Ability to create recurring instruments 
(  
(  
,  

User 
Experience 

Familiar platform to participants 
,  
*  
(  
Access to computer required 
(  
,  
,  
Technological literacy required 
(  
,  
,  
Flexibility in participant responses 
,  
(  
(  
Preserved response progress 
,  
(  
*  

Output Automated submission tracking 
(  
*  
*  
Automated data collation 
(  
,  
,  
Automated data export 
(  
,  
,  
Security 
*  
*  
*  
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5.3 Survey Response Metrics  

Table 10: A Summary of Survey Uptake 

Survey metric  NMOSD MOGAD Unknown 2 

Total number of referred individuals 10 25  

Total number of contactable individuals1 9 21  

Total number of recruited individuals 
n (% of contactable) 

9 (100%) 20 (95%)  

Number of survey responses 13 23 5 

Survey responses per individual 1.4 1.2  

Maximum number of attempts for one individual 3 2  

Survey respondents living in Gold Coast3 3 14  
1A participant was deemed contactable if a response was returned to the research team in comes capacity. 
(i.e. answering the phone, replying to an email).  
2There were five survey responses with no name. 
3As defined by the ASGS Edition 3 geographical boundaries [116] 

 

 

Table 11: A Summary of Survey Completeness 

 Recruited  Section 1  Section 2  Survey Evaluation  

NMOSD 9 7 (78%) 7 (100%) 5 (83%) 

MOGAD 20 20 (100%) 19 (95%) 19 (100%) 

Combined  29 27 (93%) 26 (96%) 24 (96%) 

Completion rates were recruited as retention rates (as in the completion rate of one section was relative to the 
preceding section) 
Section 1 asked questions about the participants’ demography, medical and social background, as well as current 
symptoms. 
Section 2 was recurring instrument that collecting information about the history of attacks 
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5.4 Survey Evaluation  

Table 12: Survey Evaluation Likert Scoring 

 Scor e, n (%) 

 1 2 3 4 5 

Overall experience1 0 0 1 (4%) 14 (58%) 9 (38%) 

Technological difficulty2 0 2 (8%) 1 (4%) 8 (33%) 13 (54%) 
1Higher is better. From 1 to 5: very poor; poor; average; good; very good 
2Higher is better. From 1 to 5: very difficult; difficult; average; easy; very easy (lengthier descriptions were provided) 

 

 

Table 13: Survey Evaluation Short Answer Responses 

Question  No Yes 

Some questions were offensive 18 (100%) 0 

Some questions were too invasive 18 (100%) 0 

The survey was missing important questions 7 (41%) 10 (59%) 

Some parts of the survey malfunctioned 18 (100%) 0 

Some questions were too difficult to answer 10 (56%) 8 (44%) 

For data presentation purposes, the commentary responses were not tabulated, though have been expanded on in 
the discussion. 

 

 

5.5 Prevalence  of NMOSD and MOGAD  

Prevalence estimates were calculated on assumption that the entirety of Gold Coast 

was sampled, and all cases were captured (which is not true). They have been 

reported for illustrative purposes. In the 2021 census, the population in Gold Coast was 

625 087 [113]. The research team were unable to locate age-stratified data based on 

the projected population figures for 2023. Age-stratification of prevalence measures is 

presented in the following tables.  
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Table 14: Age-standardised prevalence of NMOSD in Gold Coast 

Age 
Bracket  

NMOSD 
Cases 

Gold Coast 
Population 

NMOSD 
crude 

Australian 
Population 

Australian Population 
Proportion  

NMOSD Prevalence 
Standardised 

0-4 years 
 

33 491  1 463 817 0.057579  
5-9 years 

 
37 539  1 586 138 0.06239  

10-14 years 
 

38 900  1 588 051 0.062466  
15-19 years 

 
36 369  1 457 812 0.057343  

20-24 years 
 

39 338  1 579 539 0.062131  
25-29 years 

 
42 664  1 771 676 0.069689  

30-34 years 
 

43 757  1 853 085 0.072891  
35-39 years 

 
43 454  1 838 822 0.07233  

40-44 years 
 

41 491  1 648 843 0.064857  
45-49 years 

 
42 896  1 635 963 0.06435  

50-54 years 1 41 018 2.44 x 10-5 1 610 944 0.063366 1.54x 10-6 
55-59 years 

 
37 818 

 
1 541 911 0.060651 

 

60-64 years 1 35 366 2.83 x 10-5 1 468 097 0.057747 1.63 x 10-6 
65-69 years 

 
31 587 

 
1 298 460 0.051075 

 

70-74 years 1 30 632 3.26 x 10-5 1 160 768 0.045659 1.49 x 10-6 
75-79 years 

 
22 013  821 920 0.03233  

80-84 years 
 

13 938  554 598 0.021815  
>=85 years 

 
12 805  542 342 0.021333  

Total 3 625 076 
 

2 542 2786 1 4.67 x 10-6 

 

The age standardised prevalence of NMOSD was 0.47 per 105 (95% CI: 0.06 to 1.0) 
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Table 15: Age-standardised prevalence of MOGAD in Gold Coast 

Age 
Bracket  

MOGAD 
Cases 

Gold Coast 
Population 

MOGAD 
crude 

Australian 
Population 

Australian Populat ion 
Proportion  

MOGAD Prevalence 
Standardised 

0-4 years 
 

33 491 
 

1 463 817 0.057579  
5-9 years 

 
37 539 

 
1 586 138 0.06239  

10-14 years 
 

38 900 
 

1 588 051 0.062466  
15-19 years 

 
36 369 

 
1 457 812 0.057343  

20-24 years 
 

39 338 
 

1 579 539 0.062131  
25-29 years 1 42 664 2.34 x 10-5 1 771 676 0.069689 1.63 x 10-6 
30-34 years 1 43 757 2.29 x 10-5 1 853 085 0.072891 1.67 x 10-6 
35-39 years 3 43 454 6.90 x 10-5 1 838 822 0.07233 4.99 x 10-6 
40-44 years 1 41 491 2.41 x 10-5 1 648 843 0.064857 1.56 x 10-6 
45-49 years 2 42 896 4.66 x 10-5 1 635 963 0.06435 3.00 x 10-6 
50-54 years 2 41 018 4.88 x 10-5 1 610 944 0.063366 3.09 x 10-6 
55-59 years 

 
37 818 

 
1 541 911 0.060651 

 

60-64 years 2 35 366 5.66 x 10-5 1 468 097 0.057747 3.27 x 10-6 
65-69 years 1 31 587 3.17 x 10-5 1 298 460 0.051075 1.62 x 10-6 
70-74 years 1 30 632 3.26 x 10-5 1 160 768 0.045659 1.49 x 10-6 
75-79 years 

 
22 013 

 
821 920 0.03233  

80-84 years 
 

13 938 
 

554 598 0.021815  
>=85 years 

 
12 805 

 
542 342 0.021333  

Total 14 625 076 
 

2 542 2786 1 2.23 x 10-5 

 

The age standardised prevalence of MOGAD was 2.2 per 105 (95% CI: 1.1 to 3.4) 
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5.6 Summary of Epidemiological Features  

Table 16: Epidemiology of NMOSD and MOGAD 

 NMOSD MOGAD 

Recruited 9 20 

Living in Gold Coast 3 14 

Prevalence 

95% CI 

0.47 x 10-5 

0.06 to 1.0 

2.2 x 10-5 

1.1 to 3.4 

Female: Male 8:1 3:2 

Ethnicity, n (%)   

Asia 0 (0%) 1 (5%) 

Australia 3 (38%) 15 (75%) 

Europe 4 (50%) 3 (15%) 

New Zealand 1 (13%) 1 (5%) 

Age of Onset, X
% (SD) 51 (8.9) 38 (19.2) 
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5.7 Summary of Clinical Features  

Table 17: Clinical Features of NMOSD and MOGAD 

  NMOSD MOGAD 

Responses, n   7 19 
Features at Onset  
Optic neuritis Unilateral 2 (29%) 5 (26%) 
 Bilateral simultaneous 2 (29%) 4 (21%) 
 Bilateral sequential 0 (0%) 1 (5%) 
 None 3 (43%) 9 (47%) 

 
Myelitis Transverse 4 (57%) 3 (16%) 
 Partial 1 (14%) 5 (26%) 
 None 2 (29%) 11 (58%) 
    
Other symptoms Sphincter disturbance 1 (14%) 6 (32%) 
 Area postrema 3 (43%) 2 (11%) 
 Cerebellar symptoms 4 (57%) 10 (53%) 
 Seizures or altered consciousness 0 (0%) 1 (5%) 
 Brain stem 3 (43%) 7 (37%) 
    
Features at any point of time  
Optic neuritis Unilateral 2 (29%) 6 (32%) 
 Bilateral 3 (43%) 9 (47%) 
 None 2 (29%) 4 (21%) 
    
Myelitis Transverse 4 (57%) 7 (37%) 
 Partial 2 (29%) 4 (21%) 
 None 1 (14%) 8 (42%) 
    
Other symptoms Sphincter disturbance 4 (57%) 7 (37%) 
 Area postrema1 2 (29%) 2 (11%) 
 Cerebellar symptoms 6 (86%) 13 (68%) 
 Seizures or altered consciousness 1 (14%) 2 (11%) 
 Brain stem 3 (43%) 6 (32%) 
Clinical Course  
 Monophasic 3 (43%) 2 (11%) 
 Average attacks1 

Median (min, max) 
2 (1, 21) 2 (1,8) 

1Area postrema syndrome was defined as “ an episode of hiccups or nausea/vomiting lasting at least 7 days” as per 
the electronic glossary of clinical definitions submitted alongside the 2015 Wingerchuk diagnostic criteria [15]. 
 
2The distribution of attacks in both NMOSD and MOGAD were not normally distributed (as kurtosis and/or skewness 
were outside +/- 3) and hence the median was reported.  
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Chapter 6: Discussion 

6.1 The Paper Survey 

Figure 8 showcases a screenshot of the paper survey developed. The full paper survey 

is attached in Appendix C. The greatest advantages of a paper survey was the 

flexibility in customisation, and the anticipated familiarly of a paper form to the 

participants. The paper survey was to be combined with a letter of information to the 

participants, and a request for signed consent. This is available in Appendix B. Of note, 

the paper survey was initially designed in three sections, as mentioned in the results. 

Section B of the survey was intended as a patient interview to be conducted by the 

research team. Where participants lived outside of Gold Coast (where the research 

team was based), an alternate telephone EDSS was sourced from Dr. Lechner-Scott 

[115] and is displayed in Figure 9. Ultimately, this plan was associated with an inherent 

degree of measurement bias, given that the plan was to perform in-person interview 

with local participants, and a telephone interview with non-local participants. Naturally, 

data collection from an in-person interview may be more accurate than a telephone 

interview due to participant attention, the complexity of multimodal human 

communication, and in-person observations noted by the interviewer. Considering the 

impact of this with the state-wide study in mind, a possible solution was to simply 

include clinicians from our referral network in the data collection process. However, the 

challenge with this was the necessity for local ethics and governance approvals at 

every referral site. The solution devised by the research team was to abolish the 

patient interview, and rather focus the data collection on the survey tool, and the 

consequent chart review to follow.  

 

One of the weaknesses of the initial paper study design was feasibility. The threat of 

low survey engagement was concerning, particularly since there were multiple areas 

that could have resulted in lower response rates, including: 

�x Errors with mailing addresses 

�x Participants not checking their mail in a timely manner 

�x Participants receiving the letter, though disregarding/not engaging in the survey 

�x Participants completing the survey though not following the processes to 

successfully return the mail to the research team 

�x Issues with the return mail delivery to the research team 
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The paper survey was also anticipated to be moderately costly. A brief cost calculation 

is attached to Appendix A, which estimated that a state-wide recruitment of 200 

participants may cost $4 000 for two-way mailing services for the survey. In reality, this 

cost was not deemed to be overly significant to the research team, though may be an 

important consideration for other contexts/research teams and was included in the 

discussion for reference.  

 

Yet despite these, one of the largest anticipated difficulties was the sheer workload 

necessary to compile, review, and digitise the survey responses into a database or 

spreadsheet suitable for data analysis. As mentioned, the overarching goal of the 

research team was to conduct a future QLD-wide survey of NMOSD and MOGAD. As 

such, extensive discussions and developments were made to ensure the feasibility of 

future state-wide implementation. The decision was made to seek an alternate 

electronic means of conducting the survey. The most significant benefits of which 

would be automated data collation and output.  

 

6.2 The Online Surveys – Microsoft Forms and REDCap  

The first iteration of the online survey was initially built in Microsoft Forms. This is a 

common online survey platform under the Microsoft Office suite. Griffith University’s IT 

structure is such that staff and students have access to a corporate licence of Microsoft 

Office, which is secured and managed by the Griffith University IT department. Figure 

10 displays snapshots from the Microsoft Forms survey. A full PDF export of the survey  

is available in Appendix E. Unfortunately, the Microsoft group under which this survey 

was nested has since been archived due to inactivity by Griffith University, and so 

front-end screen shots of the Microsoft Forms survey were no longer available.  

 

After reviewing a finalised draft of the Microsoft Office survey form, the research team 

believed that it would be more appropriate for the survey to be transcribed onto an 

alternate survey platform (REDCap), which was only newly adopted by Griffith 

University at the time. REDCap stands for “Research Electronic Data Capture” and is a 

secure web application for building and managing online surveys and database made 

by the informatics team at Vanderbilt University. One of the strongest motivators for 

such was the question style limitations associated with the use of Microsoft Forms; 

particularly the inability to create a repeating survey instrument (which was necessary 

for the “history of attacks” section of the survey). This section required patients to fill 
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out a repeating instrument for every previous attack they sustained. The visual and 

structural limitations of Microsoft Forms suggest that its intended use may be for 

collecting quick, brief information in a wide variety contexts. Simple limitations included 

the inability to embed a corporate logo, no capacity to capture signed consent, and 

highly limited question styles, amongst many others. This was in contrast to REDCap, 

which boasted a wide variety of highly specialised visual and structural tools to 

facilitate thorough data collection. A PDF export of the REDCap survey, as well as 

front-end screenshots are available in Appendix F.  

 

Figure 11 displays a screenshot of the REDCap demographic information section. Of 

note, the inclusion of the Griffith University Logo, flexibility in visual customisation, and 

wide variety of question styles were highly useful and appreciated. 

 

6.3 A Comparative Discussion of Survey Modalities  

The value of having built the survey in full on three platforms (paper, Microsoft Forms, 

and RedCap) was the insight gained into the effectiveness of different survey 

modalities. The perceived advantages and disadvantages to each of the trialled survey 

modalities are summarised in Table 9. 

 

The clear advantages of an electronic survey forms are the ease of distribution, and 

the automaticity of data collation. This comes at the cost of user friendliness, and 

particularly in the context of neurological disease, may be a barrier to adequate 

information entry by potentially neurologically disabled participants. Not only do 

physical ailments impair the ability to interact with a computer and interact with an 

online survey, though the diseases in question are also onset usually in mid-adulthood. 

Thus, it is anticipated that the target population may not be technologically inclined 

given their age. A known risk of online surveys is also the potential for data leakage. To 

address this, both platforms used (Microsoft Forms, and REDCap) were password and 

institution (Griffith University) protected. It was apparent that Microsoft Forms had 

significant restrictions to the aesthetic and structural customisability of the survey. Only 

three question styles were available: free text, multi-choice and a likert scale. This is in 

contrast to the REDCap software which had a significantly greater variety of question 

modalities. The Microsoft Forms software also had no inherent capacity to structure a 

recurring section of the form (which was needed for the history of attacks section that 



Page 76 of 97 

asks participants to recall every attack they have had previously). However, this was 

successfully employed using the REDCap software.  

 

The greatest disadvantage to the REDCap software was simply the steep learning 

curve, and the time required to build the survey. Otherwise, the REDCap software 

provided adequate aesthetic and structural customisation. Figure 12 demonstrates the 

highly useful “branching” tool, which reveals or hides certain questions depending on 

prior responses. In this example, selecting “previous smoker” triggered questions about 

smoking history that otherwise would not have been visible.  

 

Figures 13 and 14 demonstrate the flexibility of REDCap’s question tool. One of the 

most commonly used question styles by the research team was the "free text” feature, 

which allowed the structure of the text to be arranged as desired and enabled multiple 

question styles to be embedded in this section. Whilst Figure 13 displays the back-end 

view of one of the table structures used in the survey, Figure 14 displays its front-end 

appearance.  

 

Figure 15 is a screenshot of REDCap’s record status tool. This, as well as the survey 

distribution tool in Figure 16, constitute a useful set of tools of use to researchers 

managing surveys with multiple participants. The record status distribution tool was 

used to calculate the survey completeness. Figure 16 displays the survey distribution 

status tool. The intention of this tool is to input the email addresses of the recipients, 

and automatically send out invitation emails with specific participant links. There is also 

an option to trigger reminder emails through this platform. This feature was not used in 

this study. On testing, the automated emails unfortunately preferentially appeared in 

the recipient junk folders, and hence the risk of the invitation emails being ignored was 

unacceptable to the research team. Potentially this is a feature that can be relayed 

back to REDCap to explore.  

 

Figure 17 displays the data export tools. This was remarkably convenient for the 

research team, as all the survey data was tabulated in CSV format (which can be 

opened by excel). This section of the software also had an automated data output tool; 

an example is presented in Figure 18. This was not used by the research team as 

unfortunately individual participants often submitted multiple survey responses that 

were later manually collated. 
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6.4 Survey Responses 

Table 10 presents a summary of the participant recruitment. Of note, 10 NMOSD and 

25 MOGAD patients were referred to the research team. Of which, not all referred 

individuals were contactable. To be deemed contactable, a participant must have 

responded to the research team in some capacity (either by replying to the phone call, 

text message, or email). Of the 10 referred NMOSD cases, 9 were contactable. Of the 

25 referred MOGAD cases, 21 were contactable. It is unclear to the research team if 

participants were uncontactable because of potentially wrong or out of date contact 

information, or rather loss of interest.100% (n = 9) of contactable NMOSD participants 

and 95% (n = 20) of contactable MOGAD participants were recruited. The one 

participant that was not recruited simply never responded to any emails or phone calls 

after the first discussion (despite initially expressing interest). Recruitment was defined 

as opening the survey form and providing consent to participate in the research project. 

 

Interestingly, a significant proportion of the NMOSD participants did not reside in a 

Gold Coast suburb and were excluded from the prevalence estimate. Of the 9 recruited 

NMOSD patients, only 3 (33%) had a valid Gold Coast Suburb (as defined by the 

ASGS geographical boundaries). Whereas of the 20 recruited MOGAD patients, 14 

(70%) lived in Gold Coast. The cause of the asymmetrical distribution of locality seen 

between NMOSD and MOGAD was likely multifactorial. Participants were not 

exclusively recruited from Gold Coast referrers. As this pilot study was intended to 

measure the prevalence of both diseases in Gold Coast, the research team also 

included nearby non-Gold Coast referrers to account for the possible instance that a 

patient lives in Gold Coast, though is being treated privately by a physician in a 

different city. Further, given that the GCHHS HREA was still pending, recruitment also 

occurred through Griffith University to maximise recruitment prior to thesis submission, 

and naturally participants known to the research team did not particularly reside in Gold 

Coast. The disproportionate distribution of NMOSD and MOGAD cases living in Gold 

Coast (relative to those recruited) is unclear. Further cross-sectional analyses of 

patient factors and referring clinician factors will need to be performed. Possibly the 

management of NMOSD may be disproportionately higher in the public health system 

due to associations with greater morbidity / poorer recovery [79]. Higher disability may 

also be associated with lower socioeconomic status (consequent to reduced capacity 

for employment). This may be associated with a lower prevalence of private health 

cover, which may explain this potential observation if it were to be true.  
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There was a total of 41 survey responses for 29 participants. This is a product of 

individual participants attempting the survey multiple times. Whilst the REDCap survey 

does have the capacity to retain content without full submission, participants must 

bookmark the same link on which they have already commenced the survey. Going 

back to the initial email and re-clicking the initial sent link triggers a new survey 

response. Of note, there were 5 commenced survey responses that had no name. It is 

unclear if these 5 survey records were from the same participant that attempted 

multiple times or were from different participants. The submission times of the 

unnamed records were not all temporally clustered around each other. To resolve this 

in the future, REDCap does have a feature where participants are assigned usernames 

and passwords. This was not used in this study due to concerns that it would serves as 

a further barrier to participants with low technological literacy, though may be worth 

exploring prior to commencing the state-wide study. The overall number of survey 

responses per participants was averaged at 1.4 and 1.2 responses per participant for 

NMOSD and MOGAD respectively.  

 

Table 11 reports the survey completeness. Of note, 100% (n = 20) of MOGAD and 

78% (n = 7) of NMOSD cases successfully completed section 1 in its entirety. 

Completion was defined as responding to all mandatory questions and successfully 

progressing onto the next section. Of note, the primary outcome variables from section 

1 of the survey were the epidemiological features. 100% (n=29) of participants reported 

an age and sex. 97% of participants (n = 28) reported ethnicity, and home address; 

93% (n=27) reported age of onset. This demonstrates the success of the survey in 

collecting epidemiological information. Consequent survey response statistics were 

calculated as retention rates. Of note, 100% of NMOSD participants that completed 

section 1, completed section 2 of the survey. Section 2 was the history of attacks 

section (recurring instrument). Similarly, 95% (n = 19) completed section 2 of the 

survey. It is unclear why one individual did not complete section 2. Re-contacting that 

participant and conducting an informal telephone survey evaluation may be of use to 

help inform any potential changes necessary. 
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Interestingly, on literature review, the author was unable to find a study employing a 

digital survey that collects participant-reported clinical information about disease 

features for comparison. The closest of which was the 2011 “NordChild” study, a 

general questionnaire distributed to parents in Nordic countries evaluating the “health 

and welfare of their Nordic children”. This survey was structured similarly to a “general 

medical history”, asking questions about medical diagnoses, current medications, 

social factors, and current pathological symptoms. Survey responses were marginally 

higher in the paper group (54.13%) compared to the web group (53.4%). Of note, 

within the first 20 days, the highest response rate was seen in the digital survey group. 

However, at the end of the study, the highest response rates were seen in the paper 

group. This may suggest that digital surveys may be more convenient to respond to 

initially, though are similarly more likely to be forgotten about. One explanation for this 

is that participants may have been reminded to complete the paper survey by 

physically encountering it in their living space (i.e. walking past it etc.) whereas 

because digital surveys have no physical placeholder they may be more likely to be 

forgotten about. Although the study reported absolute response rates, there was no 

reference made to the comparative differences in survey completeness [117].  

 

Other literature reporting comparative response rates in paper versus online surveys 

report similar response rates to the NordChild study and provide insights to the 

advantages and disadvantages of digital surveys. A study of 3600 participants by Ebert 

and colleagues in 2018 investigated the efficacy of paper vs. digital surveys. A 

questionnaire had been developed that asked participants to answer questions about 

help-seeking behaviours after reading case studies discussing outlining an acute 

health issue. The authors found that that survey respondents were 10% higher in the 

paper group (46%) compared to the digital group (36%). Expectedly, the authors 

reported significantly lower costs involved with distributed a digital survey (10 times 

lower). It was surprising to read that the authors reported higher rates of missing data 

in the paper surveys compared to digital. Conceptually, digital surveys are often more 

restrictive with the response input (as seen in multi-choice, or Likert question styles). 

Theoretically, one would expect the flexibility of handwriting to allow the respondent to 

freely document the desired information on the page. Reading the limited information 

provided about the questionnaire, it is possible that because participants were asked to 

answer questions about the case studies (as opposed to answer questions about 



Page 80 of 97 

themselves) that paper responses were more limited (compared to the pre-written 

multi-choice questions) [118].  

 

Another study used U.S. military personnel to compare the efficacy of distributing 

surveys through mailing vs. digital means. A three-attempt strategy was used to elicit 

responses from 4935 military service members. The authors found that the “web-push” 

method had a higher response rate (32.8%) than the “mail-push” method (27.8%), 

which was significant (p < 0.001). Similarly, the per-respondent cost of the survey was 

40% higher in the paper group. The completeness of the collected data was not 

reported [119].  

 

On reflection, the NMOSD and MOGAD survey was highly successful with a combined 

recruitment rate of 97% (n = 29 out of 30) and a complete response rate (excluding 

survey evaluation) of 90% (n = 26 out of 29). This is in contrast the lower response 

rates of 20 to 60% cited in the literature. There are multiple reasons that my contribute 

to this. Firstly, the degree of interest of potential respondents likely correlates highly 

with response rates. This implies a certain degree of recruitment bias, where 

participants who have a vested interest in the outcomes of the study are more likely to 

participate. Certainly anecdotally, the research candidate can report a high degree of 

willingness to participate from the recruited individuals, likely attributable to the 

morbidity associated with NMOSD and MOGAD. Many participants would mention 

something the following effect to the author: “I’m happy to help out in any way I can, we 

need to understand as much as we can about these diseases”. It may also be 

inappropriate to draw comparisons between this clinical survey and the cited literature 

due to differences in sample sizes. The reported studies recruited multiple thousands 

participants in each, whereas our study only recruited 29. The power of a study is 

directly proportional to its sample size, and whereas power calculations revealed that 

our study had a reasonably higher power (0.74) to detect prevalence differences, 

power calculations were not calculated for response rate differences.  
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6.5 Survey Evaluation  

Of the 29 recruited participants, 24 (83%) attempted the Survey Evaluation section. 

Most participants (n = 14, 58%) believed the overall survey experience was “good”. 1 

participant (4%) reported the experience as “average”, and 9 (38%) reported it as “very 

good”. This resulted in a mean experience score of 4.3, and a median score of 4.  

 

Most participants (n = 13, 54%) believed the survey was “very easy, almost everyone 

would be able to complete it”. Only a few (n=3, 13%) believed it was average or 

difficult. The remainder (n=8, 33%) believed the survey was “easy”. The mean difficulty 

score was 4.3 (where 5 is very easy), and the median score was 5. This is displayed in 

Table 12.   

 

Of the 24 respondents that commenced the survey evaluation, 18 (75%) continued to 

fill out the short-response evaluation. It is always difficult if the absence of a response 

is a product of question fatigue, or rather simply no issues that came to mind. All the 

short-answer questions at the end of the survey evaluation were intended to elicit 

potentially negative features of the survey, so it is possible that participants did not 

respond as there were no pressing issues encountered (presumptuously hopeful, 

though nevertheless possible).  

 

Table 13 provides a summary of the short-answer responses of the survey evaluation. 

Of the 18 participants that answered, none believe that there were any offensive 

questions; none believed that there were any unnecessary or invasive questions; and 

none believed that the survey malfunctioned or did not work as expected. 

 

The evaluation section also asked participants if there was any further information that 

they would have wanted to provide that the survey did not allow. 7 participants 

provided suggestions: 4 participants noted that fatigue / impact on life was not 

sufficiently explored;1 participant was hoping to provide more information about their 

treatment; 1 participant suggested asking questions about the mental health disease 

burden; and 1 participant provided a lengthy response, suggesting that questions about 

triggers such as “mould” should have been asked, and more detailed questions about 

the four different types of headaches they have experienced should have been 

delineated.  
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The final question of the survey asked if there were any questions that were difficult to 

answer. Whilst 10 (56%) believed that no questions were difficult to answer, 44% 

provided suggestions for improvement. Of note, the most common response (n = 6) 

was related to difficulties with recall of either the dates or the clinical information, 

particularly in the history of attacks section. As with any questionnaire that asks about 

retrospective information, issues with participant recall are often difficult to control. 

Recall bias often results in a preferential loss of information thoroughness and 

accuracy the further away in the past the information being asked is. These responses 

provided highly valuable feedback to the research team and will inform the future 

iteration of the survey. 

 

6.6 Preliminary results  

It is important to note that the accuracy of the collected data to date is highly limited. 

This is mostly because the chart review process has not yet occurred, which is crucial 

to evaluate and verify the accuracy of the provided information. Participants may have 

a wide variety of health literacy, which would variably affect the accuracy of their 

responses. Nevertheless, the following preliminary data was included in this thesis 

mostly for illustrative purposes. 

 

The age-standardisation process for the NMOSD and MOGAD case numbers is 

displayed in Tables 14 and 15 respectively. The age-standardised prevalence of 

NMOSD was 0.47 per 100,000 (95% CI: 0.06 to 1.0) and 2.2 per 100,000 for MOGAD 

(95% CI: 1.1 to 3.4). It is important to note that these prevalence measures definitely 

underestimate the true prevalence of both diseases, since the recruitment process has 

not yet been completed (since GCUH ethics is still pending). That said, the prevalence 

measures may hold some utility, given their similarity to available literature. The 2017 

ANZ NMO prevalence study reported a prevalence of 0.70 (05% CI: 0.61 to 0.78) per 

100,000, which is only fractionally higher than our calculated rate. It is important to note 

that higher NMOSD rates have been reported in the literature, where a prevalence of 

~1 per 100,000 is observed in Caucasians, 3.5 per 100,000 in east Asians, and up to 

10 per 100,000 in Afro-American populations [120]. The MOGAD prevalence of 2.2 per 

100,000 is similar to that reported by Orlandi and colleagues in 2022 (2.5 per 100,00) 

[68].  

One of the other limitations to the prevalence calculations was the use of 2021 data. 

Unfortunately, the research team was unable to access age-stratified population data 
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for 2023. This was, however, available for 2021 (given that was the census year). Upon 

completion of the Gold Coast-study, a formal request will be submitted to the Australian 

Bureau Statistics to seek age and sex-stratified population estimates.  

 

Non-Gold Coast residents were including in the remaining epidemiological (Table 18) 

and clinical data (Table 19) reported. NMOSD had a female:male ratio of 8:1 which is 

similar to the reported 9:1 ratio in most studies. Also congruent with current literature is 

the more equally distributed prevalence of MOGAD in females and males with a ratio of 

3:2 respectively. The NMOSD age of onset of 54 was higher than that reported in the 

literature (usually the fourth decade of life) [120]. This may be explained by possibly 

the greatest limitation to self-reported retrospective clinical surveys: recall bias. 

Participants may preferentially have remembered more recent attacks (and likewise 

forgotten older attacks) resulting in an artificially higher age of onset. The age of onset 

of MOGAD (33 years) was similar to current literature [5, 46, 68, 110]. However, it is 

crucially important to note that no children were recruited in this study. This is because 

not only is the GCUH ethics application still pending, though so is the expansion of the 

referral network to include paediatric private specialists. This significantly limits the 

accuracy of the reported epidemiological and clinical features of MOGAD, given that 

the paediatric phenotypes have not been encountered in this study. A summary of the 

epidemiological features of both diseases is provided in Table 16.  

 

To extensively analyse and evaluate the comparative clinical features of NMOSD and 

MOGAD would be outside the scope of the current thesis. This is particularly because 

the reported clinical features were merely deduced from self-reported symptoms by 

participants. Not only does recall (reporting) bias significantly undermine the validity of 

the results, though also so does measurement bias. In the absence of radiological 

studies, and clinical records documenting physical examination features, it is difficult to 

accurately conclude if the reported symptoms by the patients constitute the clinical 

syndrome suggested. Where a patient has reported vertiginous to suggest possible 

cerebellar involvement to the authors, in reality their symptoms may have been 

attributable to a completely unrelated cause (i.e. a central cause such as a 

cerebrovascular accident, or a peripheral cause such as Meniere’s disease, amongst 

many others). Further, delineating similar symptoms on a self-reported survey is 

difficulty. Even in day to day clinical practice, distinguishing light headedness 

(presyncope) from vertigo is challenging from history alone. Commonly, specific 
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physical examinations are used to distinguish them. The pending chart reviews are 

intended to assist the research team in verifying the validity of the reported results.  

Matching radiological lesions with reported symptoms provides verification that the 

symptoms reported by the participants may truly be attributable to their demyelinating 

disease (and not an alternate cause). Possibly a weakness of this clinical survey was 

that it did not thoroughly ask about the patient’s medical background not related to their 

demyelinating disease. On reflection, this would be crucial to help delineate the 

relevance of their reported symptomology. In example, a participant with extensive 

vascular disease history may have previously experienced focal neurology believed to 

be a product of NMOSD or MOGAD, whereas in reality may have been related to a 

cerebrovascular event.  

 

A summary of the reported clinical features of both diseases is presented in Table 17. 

As mentioned, whilst a discussion of the comparative clinical features of both diseases 

with reference to current literature is “possible”, the author believes that the data has 

very little merit in its current state, and without verification would have no real functional 

utility. Table 17 was devised mostly for illustration purposes. What is of importance is 

that the clinical survey was thorough and successful in collecting responses about all 

the core clinical features of demyelinating disease. The sub-categorisation of clinical 

features illustrated foreshadows the clinical details intended for future comparative 

analyses. 
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6.7 Conclusions  

Overall, this project was highly successful. Whereas the project did not achieve its 

initial aim of accurately reporting the epidemiological and clinical features of NMOSD 

and MOGAD in Gold Coast, this was due to learned and systematic changes to the 

methodology. The overarching goal of this project was always to optimise the 

methodology for the employment of a future state-wide clinical survey. Although 

focusing exclusively on executing a prevalence and clinical study in Gold Coast would 

have provided some results, this would be incomparable to the impact of the state-wide 

clinical study to follow. The research team thus believed that significant methodology 

changes were necessary to ensure the feasibility and success of the future state-wide 

study. Of note, the largest change was the decision to replace the paper survey from 

with an electronic survey tool. The survey was built on REDCap and was highly 

successful. This is evidenced by the high combined recruitment rate of 97%, and the 

high combined survey completion rate of 90% (not including the survey evaluation). 

The current structural layout and functionality of the survey itself, and its ability to 

report the variety of data desired is a testament to its own success.  

 

Overall, in anticipation for the future expansion of this project, changes that may 

improve the success of the survey include: 

�x Personalised log-in details to prevent multiple survey responses from the same 

individual 

�x The exploration of an in-person option to complete the survey with 

supervision/guidance from the research team. This may take place in the form 

of hiring a computer room at an institution (university or hospital) and offering 

participants the option of attending and completing the survey in-person. The 

value of this is a) being able to offer live support to the participants though also 

b) providing an opportunity for participants without access to a suitable 

electronic device to partake in the project 

�x Potentially exploring the possibility of introducing a telephone-based or 

interview-based iteration of the survey that may be useful for those with 

significant disability who may not be able to use a computer. Although the 

stratification of data collection methods may create underlying systemic biases, 

these would be of less importance than not collecting the data at all. 

�x Including questions about the patient’s general medical background to enable 

accurate interpretation of their reported symptomology. 
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�x Including more questions about the impact on lifestyle and mental health 

 

Overall, Table 18 displays the progress of the candidate’s research work across the 

period of the candidature. In retrospect, it was interesting to note the significant amount 

of pure methodology work consequent to the decision to build an online survey. In 

honesty, the shift in focus from the initial objectives (pure disease reporting) to the 

refined objectives (developing an electronic survey) was not expected by the 

candidate. However, on reflection, the experience was a clear demonstration of the 

dynamic nature of the research process. Just because the study did not achieve the 

initial intentions, does not mean that the work was not productive or successful. The 

significant amount of time spent refining the paper survey, and initially building the 

online survey on Microsoft Forms could be seen as “a waste of time”, though in reality 

were necessary to inform the development of the survey in its current state. The 

success of the survey in its state is founded on the developments learned throughout 

the process. Overall, the project was believed to highly successful: an extensive online 

survey tool was built, and tested. Ethics was attained from Griffith University, and 

ethics has almost been attained from GCHHS. Patient recruitment and data collection 

from the private arm of the Gold Coast-based referral network has mostly been 

completed. The preliminary epidemiological results also correlated well with current 

literature. The foundations for the future statewide study of NMOSD and MOGAD have 

been laid. 

 

6.8 Future Directions  

The future work intended as a continuation of the current thesis include: 

�x Successfully attaining GCHHS HREC approval 

�x Commencing recruitment from GCHHS (the public arm of the referral network in 

Gold Coast) 

�x Reviewing the medical records and investigation results of all recruited 

participants 

�x Employing the capture-recapture methodology, using the non-identifying case 

list to be provided by the Brisbane and Sydney laboratories 

�x Producing an accurate prevalence measure for NMOSD and MOGAD in Gold 

Coast, as well as thorough reporting of the epidemiological and clinical features 

�x Reflecting on the overall success of the Gold Coast-based study to inform the 

later state-wide study. 
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Appendix  A: Cost Analysis of distributing the Paper Survey 
  
What is needed per participant 

�x Consent form 
o A4 paper 
o Printing 

�x Postage + packaging to the patient 
o Medium Satchel 270 x 390mm 

�x Postage + packaging from the patient 
o Large C4 Envelope 229 x 324mm 

 
Product  #  Unit cost  Total cost  Link  
Paper 6000 $5 per 500 $60 https://www.officeworks.com.au/shop/officeworks/p/reflex-

50-recycled-80gsm-a4-copy-paper-500-sheet-ream-
spr50ra4rm 

Printing 6000 $0.10 per black 
page 

$600 https://www.officeworks.com.au/resources/pdfs/guides/print-
and-copy price-guide.pdf?cm sp=all:mega-menu:print-
copy::useful-links:price-guide 

Postage + packing 
Medium satchel 
270 X 390mm 

200 $124.3 per 10 $2486 https://auspost.com.au/shop/sending/if-it-packs-it-
posts/medium-packaging 

Postage +packing 
C4 Envelope 
229 x 324mm 

200 $43.2 per 10 $864 https://auspost.com.au/sending/send-within-
australia/compare-letter-services/regular-letters-cards 

Total   $4010  
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Appendix B: Invitation Letter and Written Consent 

1 Parkland Dr, Southport QLD 4215 

Malak Habib (or Professor Simon Broadley) 

malak.habib@griffithuni.edu.au 

01/01/2001 

25 Smith Street, Ashmore QLD 4217 

John Smith 

Griffith University Neurology Research Project  

Dear John,  

We are a team of researchers in the field of Neurology at Griffith University, Gold Coast. 

We are writing to you about an opportunity to partake in an important study investigating 
Neuromyelitis optica (NMOSD) and MOG antibody related disease (MOGAD) 

We have been referred to you via your treating practitioner, Dr. John Smith.  

Our study aims to collect information about the signs, symptoms, and investigation results of 
each disease to help clinicians better diagnose and treat cases such as yours. 

Your input is invaluable to helping us learn more about these conditions, and will be a part of 
a study that aims to improve the care delivered to those diagnosed with NMOSD or MOGAD 

 

By signing up to the study, you would be 

1. Participating in an online survey lasting approximately 30 minutes 
2. Potentially receiving a quick phone call from us, if we need to clarify any of the 

information you included in the survey answers 
3. Giving us permission to collect further de-identified data about your medical history 

related to your neurological diagnosis 

 
If you are happy to participate in this study, please: 

1. Read the attached information 
2. Sign the consent 
3. Place the signed CONSENT FORM into the provided A4 letter and drop the parcel to 

your nearest Australia Post (the postage has already been paid) 
 
If you have any questions, please do not hesitate to contact us on 
Malak.habib@griffithuni.edu.au 
 
Kind Regards,  
 
Professor Simon Broadley 
Associate Professor Jing Sun 
Malak Habib 
Griffith University, Gold Coast  
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Study Information 

Who is conducting the research? 

Professor Simon Broadley / Associate Professor Jing Sun / Mr Malak Habib 

Griffith University, School of Medicine 

Email: malak.habib@griffithuni.edu.au 

 

Why is the research being conducted? 

This study hopes to report the 1) the frequency and 2) the clinical features of neuromyelitis 
optica spectrum disorder (NMOSD) and the MOG associated disease (MOGAD) in 
Queensland. 

 

What will you be asked to do? 

You will be asked to provide a history of your current medical condition, and any past 
problems you may have had. You will be asked to provide consent for your current and 
previous medical records to be reviewed and results of relevant investigations to be 
recorded by the investigators. 

 

Which participants will be selected or screened? 

Participants will be selected on the basis that they have previously tested positive for having 
either the AQP4 antibody or the MOG antibody, which are found in the NMOSD and 
MOGAD diseases respectively. 

 

What are the expected benefits of this research? 

It is anticipated that this study will provide precise information about the frequency of 
NMOSD and MOGAD in Australia. It is also hoped that the analysis of the clinical features 
and investigation results will provide more information about the underlying disease process 
and approach to diagnosis. 

 

What risks affect you? 

This study is purely observational and so there are no risks to yourself. The study involves 
asking you information about your medical history, and reviewing your medical records 
related to your condition. 
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How will your information be dealt with?  

All the data in this study will be regarded as confidential. In order to collate data from 
different sources (i.e. your specialist, your GP, laboratory results, imaging centres) some 
personal details (such as your full name, date of birth, address etc.) will need to be collected. 
Once the data collection phase is complete, your personal details will be removed and 
replaced by an anonymous code. It is intended that the results from this study may be 
published in a leading medical journal in a de-identified aggregate form. 

 

Do you have to be a part of this? 

Your participation is completely voluntary. Your decision to partake, or not partake in this 
study will in no way affect the treatment you receive from your current treating team. You are 
free to withdraw from this study at any time. 

 

Questions/further information 

If you have any questions regarding this information, or the study in any way, please contact 
Malak Habib on: malak.habib@griffithuni.edu.au 

 

The ethical conduct of this research:  

Griffith University conducts research in accordance with the "National Statement on Ethical 
Conduct in Human Research". If you have any concerns or complaints about the ethical 
conduct of the research project, please contact the following: 

The Manager, Research Ethics, Office for Research, Bray Centre, Nathan Campus, Griffith 
University 

(07) 3735 5585 researchethics@griffith.edu.au 

 

Feedback to you 

No patient specific data will be reported back to participants in this study. It is anticipated 
that the final results from this research would be published in a leading medical journal.  

 

Privacy Statement  

The conduct of this research involves the collection, access and / or use of your identified 
personal information. The information collected is confidential and will not be disclosed to 
third parties without your consent, except to meet government, legal or other regulatory 
authority requirements. A de-identified copy of this data may be used for other research 
purposes. However, your anonymity will at all times be safeguarded. For further information 
consult the University’s Privacy Plan at www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 
5585. 
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CONSENT FORM 

By selecting "I understand the information and give my consent", I confirm that I have read 
and understand the information provided, and that I: 

 

*Understand that I will be providing information about my past and current medical history 

*Understand that my medical records will be viewed only for the purposes of this study 

*Understand the risks involved 

*Understand that my participation in this research is voluntary 

*Have had any questions answered to my satisfaction (if I have asked any) 

*Understand that I can contact the research team if I have any additional questions 

*Understand that I am free to withdraw at any time, without comment or penalty 

*Understand that I can contact the Manager, Research ethics, at Griffith University Human 
Research Committee if I have any concerns about the ethical conduct of the project 

*Agree to participate in this project 

*Understand that personal information about me will be held at Griffith University until all 
data is collected and then will be held in a de-identified format 

 

______________________________________  

Full Name 

 

 

______________________________________ ___ / ___ / ______    

Signature Date 
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Telephone EDSS Assessment  
 
As attached. 
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