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Definitions

a person older than 18 years of age
an adult-onset phenotype or genotype of NCL with an onset in early
adulthood
reference to infants and children until the age of 18 years
historical reference to original four NCL subtype groups: infantile, lateinfantile, juvenile, adult
a historical NCL diagnosis based on clinical presentation supported by
pathology
usually CLN10 disease that is evident at birth or shortly afterwards but
may have a later phenotype
estimated identification of a disease or condition based on clinical signs
and symptoms, pathological, background, history, ultrastructural, and
radiological findings
the process of differentiating between two or more conditions or diseases
that may share a similar presentation of signs and symptoms
subtle or distinct facial abnormalities that may be evident at birth or evolve
the mutations that make up the genetic makeup of an individual
when the genetic mutation contains two different alleles of a gene
when the genetic mutation contains the two same alleles of a gene
a reduction in the sense of smell
a correct diagnosis such as epilepsy, which is not incorrect per se, but it
is not the entire problem or disease that is emerging
from the post-natal period until the first twelve months of life
historical designation of this subtype commencing during infancy (referred
to CLN1 if a genetic diagnosis is confirmed)
historical designation of this subtype that began in middle childhood
through the teens (referred to CLN3 if a genetic diagnosis is confirmed)
historical designation of this subtype that commenced during early
childhood (now referred to CLN2 if a genetic diagnosis is confirmed)
difficulty adapting or seeing in a dimly lit environment or at night
progressively larger handwriting
progressively smaller handwriting
newborn child, usually less than four weeks old
an enlarged organ such as engorged liver associated with a distended
abdomen
refers to signs, symptoms or investigation results which are characteristic
or indicative of a particular disease or condition
the interval during that the signs and symptoms present and become
evident
the disease presentation
sleep study
prior to birth
a tangible and overt indicator of a disease or condition
a subjective physical or psychological experience that is a precursor or
concurrently occurring with the onset of a disease or condition
an incorrect diagnosis
a condition or disease that was overlooked at the time of presentation
a child aged from ten years until 18 years of age
reference to additional disease types such as the late-infantile variant:
CLN5
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Abstract

Neuronal Ceroid Lipofuscinosis (NCL) or Batten disease, is a group of
predominantly recessively-inherited neurodegenerative diseases that mostly
affect children. It is the most common genetic cause of dementia in children, yet
a rare cause of dementia in adults. Although NCL remains life-limiting, clinical
trials are in development for specific disease types. NCL has a low Australian and
New Zealand incidence, but a devastating impact on affected children and their
families. Currently, neither country participates in an international NCL patient
registry that leaves these families isolated from potential research and
therapeutic agents. As recently as 2017, a historical milestone was passed with
the approval of the first disease-modifying enzyme replacement therapy Brineura® for ceroid lipofuscinosis, neuronal 2 or CLN2.
Research has consistently identified a protracted diagnostic period of NCL.
Retrospectively identifying the earliest onset of the disease could feasibly impact
future diagnostic delays. Subtle early signs and symptoms merge with other rare
or common diseases and can be missed. This study describes the early phase of
NCL in this cohort of A&NZ children. It uses parent-report to retrospectively
identify the earliest sign or symptom that led to the diagnosis or that should have
led to the diagnosis with hindsight. To achieve this aim, the parents' experiences,
and any facilitators of a timely diagnosis of NCL were also explored.
Databases including PubMed and manual searches of reference lists provided a
comprehensive historical and contemporary literature review, focused on the
onset of NCL. Specific research of the initial presentation of NCL during childhood
was limited; however, themes of early signs and symptoms were identified.
Corresponding with the literature, the mnemonic 'NEURONS' was devised by the
student researcher to incorporate the early signs and symptoms of childhoodonset NCL diseases. These include Neurological stalling and/or Epilepsy.
Ultrastructural features are distinctive but not unique to each disease. Regression
of milestones and abilities become evident. Ophthalmic signs with visual loss
behaviour and vacuolated lymphocytes are associated with CLN3. New-onset
ataxia and early Speech delays are aligned with specific diseases such as CLN2.
xiv

After gaining University of Newcastle Human Research Ethics Committee
approval [No. H-2018-0059], a purposive sample was obtained. Participation was
offered to all A&NZ parents/legal guardians of children, alive or deceased,
diagnosed with any NCL disease in the past five decades. Recruitment was
initiated through the Australian chapter of the Batten Disease Research
Association (BDSRA) family support group, two alternate organisations, and
snowball recruitment. There were two phases of the study: The consultative
phase comprised of key informant consultation in the design of the quantitative
survey regarding children with an NCL diagnosis. The survey phase incorporated
a structured cross-sectional survey devised by the research team. Potential
participants were invited to complete the REDCap® on-line survey, using links on
the Australian BDSRA Facebook® page or website. The anonymous survey
asked parents to retrospectively explore the diagnosis of their child's disease in
a chronological format, with an option to provide additional text.
Facilitators and hindrances of childhood-onset NCL diagnosis were identified.
Pre-genetic clinical, enzymatic, and/or genetic diagnoses were categorised.
There were 29 A&NZ parent participants of children with either CLN1, CLN2,
CLN3, or CLN5 disease. Predominantly, the parents identified the earliest
changes and prompted investigation of their child. Initial misdiagnoses included
up to four alternate diagnoses. The primary outcome of the study identified a twoyear median diagnostic delay, including a one-year delay before investigations
were initiated. A cohort of 26 children of index cases with a confirmed age of
onset, did not include two facilitated pre-symptomatic diagnoses.
The diagnostic 'odyssey' discussed in the rare disease literature, was similarly
identified in this A&NZ study. The longest delay determined in this study was a
recent protracted diagnosis of nine years and nine months for a child with CLN3.
Early signs and symptoms were aligned with the NEURONS model based on the
literature. Speech pathologists or ophthalmologists reviewed these children with
either speech delays and/or loss or a new onset visual loss, associated with the
early sign of clumsiness. Education programmes may increase specific health
professionals’ awareness of NCL, reduce future diagnostic delays for NCL, and
improve family access to emerging clinical trials and available treatments.
xv

1.1 Overview

Chapter 1. Introduction

Batten disease is an eponym used to describe NCL, which is the most common
group of neurological degenerative diseases affecting young children (G.
Anderson, Goebel, & Simonati, 2013). Despite its rarity, NCL is the leading
Mendelian cause of dementia and neurodegeneration resulting in death during
childhood or early adulthood (Schulz & Kohlschutter, 2013). It affects all age
groups, but approximately only 10% of NCL cases affect adults (Magrinelli,
Pezzini, Moro, Santorelli, & Simonati, 2017). Although the disease is termed NCL,
the specific genes are referred to as ceroid lipofuscinosis neuronal (CLN). The
genes were designated as CLN (Williams & Mole, 2012), even before the first
CLN gene was identified in 1995 (Lerner et al., 1995).
Batten disease, or NCL, is used interchangeably to describe this group of
neurodegenerative diseases, ranging from congenital to adult-onset phenotypes.
Whilst the more generally used term of Batten disease strictly refers to juvenile
NCL, Batten-Spielmeyer-Vogt disease or CLN3, at times it can be used
generically to incorporate all NCL diseases (Haltia & Goebel, 2013). It is almost
exclusively inherited in an autosomal recessive mode, except for the rare
autosomal-dominant Parry disease in adults (Velinov et al., 2012). Overall, the
worldwide incidence of the group of NCL diseases is estimated to be 1 - 4 in
100,000 (Williams et al., 2006).
Currently, there are 14 distinct monogenetic NCL diseases categorised from
CLN1 to CLN14. With the exception of CLN9, 13 genotypes have been classified.
There is an extremely rare CLN10 disease with a congenital, or later-onset
phenotype (Siintola, Lehesjoki, & Mole, 2006b; Steinfeld et al., 2006). Over 430
mutations of NCL have been identified in infants, children, and adults worldwide
(https://www.ucl.ac.uk/drupal/site_ncl-disease/mutation-and-patient-database).
Each genotype has both unifying and distinctive features that can assist with the
recognition of the onset of a specific NCL disease. However, most NCL diseases
may have a phenotype with a later age of onset than is usually identified. For
example, CLN1 can have either the classic infantile, late-infantile, juvenile, or
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adult presentation dependent on the mutations and other factors such as any
residual enzyme activity (Kohan et al., 2009).
Initial symptoms of childhood-onset NCL disease include visual loss, seizures,
motor loss, and cognitive deterioration, although the progression of symptoms
varies for each type of disease (Williams et al., 2006). The disease is presently
life-limiting, with treatments previously limited to symptomatic relief and
supportive measures for the child or young adult. These treatments include
aspects of providing enteral nutrition, physical therapies, and psychotropic
medication administration. Reducing the impact of the psychiatric and
behavioural symptoms, particularly of older children with dementia, is all the more
challenging in the context of both visual and cognitive impairment (Augustine,
Adams, & Mink, 2013).
Following successful clinical trials, the Food and Drug Administration (FDA) in the
United States (US) approved the first-ever disease-modifying treatment in 2017
for CLN2 disease (Markham, 2017). This is an on-going recombinant enzyme
replacement therapy (ERT) with the drug Brineura® specifically for CLN2, with a
late-infantile or older onset (Schulz, Specchio, et al., 2018). Significant results
over a three-year period identified less reductions in motor and language function
in a cohort of 23 study individuals with CLN2 disease treated with this ERT,
compared with historical controls (Schulz et al., 2019). Other disease-modifying
impacts on additional domains such as seizures or visual function devised as a
rating scale for late infantile NCL (sic) (Steinfeld et al., 2002), or on early-stage
CLN2 disease are yet to be confirmed.
As potential treatments for other NCL diseases move closer towards an approved
therapy, early diagnosis of this disease becomes increasingly significant. Inclusion
criteria in future clinical trials may require the early diagnosis of NCL, before
irreversible neurodegeneration is established (Velinov, 2014). Studies that
provide valuable insights into the early changes that could hold the key to an
earlier diagnosis, and that identify factors that influence the family's diagnostic
journey, are particularly important. Participation in a patient registry has been
identified as positively impacting inclusion in clinical trials and access to
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pharmacological treatments (Schulz et al., 2015; Simpson, Wheeler, & Pearce,
2014). There is a pressing need for A&NZ families to have the opportunity and
choice to participate in an established scientific NCL patient registry. Inclusion in
a disease-specific patient registry may facilitate inclusion in a natural history study
(retrospective or prospective) that can provide valuable data of the course of a
disease or condition. Recent prospective natural history studies include CLN2
(Nickel et al., 2016) and CLN3 (Adams, Mink, & University of Rochester Batten
Center Study, 2013; Masten et al., 2020b).
Generating data about the experience of parents of children with NCL may prompt
greater awareness of this rare disease, increase our understanding of NCL
diseases through natural history studies (Cismondi et al., 2015; Rosenberg,
Chen, Kaminsky, Crystal, & Sondhi, 2019), and facilitate inclusion in clinical
studies (Kingma, Bodamer, & Wijburg, 2015). Evidence is emerging of a
pathological link of NCL with more common adult neuro-degenerative conditions
including fronto-temporal lobe degeneration (FTLD), Parkinson’s disease (PD),
and Alzheimer disease (AD) (Bras, Verloes, Schneider, Mole, & Guerreiro, 2012;
Cotman, Karaa, Staropoli, & Sims, 2013; Qureshi, Baez, & Reitz, 2020; Reitz,
2020; Smith et al., 2012). An enhanced understanding of NCL onset in childhood
may potentially increase our knowledge of neurodegeneration and dementia in
adults.
1.2.1 Emerging treatments for children diagnosed with NCL
NCL currently remains life-limiting and treatment is restricted to supportive
therapies (Mole & Cotman, 2015), except for the recently approved ERT for CLN2
disease (Schulz, Specchio, et al., 2018). However, there has never been a more
cautiously optimistic time with potential treatments emerging for additional NCL
diseases (Cotman, Mole, & Kohan, 2015). As further pharmacological treatments
and gene therapies are developed, it will become imperative that children are
diagnosed earlier for consideration to access such treatments.
1.2.2 Delayed diagnosis of NCL
NCL is usually characterised by lengthy diagnostic delays of 21 months for young
children with CLN2 (Nickel et al., 2016), to several years for slightly older children
3

with CLN3 (Collins, Holder, Herbert, & Adams, 2006). Sometimes diagnosis is
relatively timely, so it may be possible to identify the facilitators of an earlier
diagnosis of NCL. Anecdotally, the experience of families is typified by a missed
diagnosis, multiple misdiagnoses, and extended delays before a definitive
diagnosis of NCL is reached.
There has not been a recent Australian study that reports these delays or
explores the experiences of families whose children have been diagnosed with
NCL. A historical Australian study by Henry and Stevens (1982) reported delayed
diagnoses of NCL or 'Batten's disease' (sic) of two unrelated girls who were not
diagnosed until their late teens. This was despite the onset of visual symptoms
identified in these two children between four and five years of age. Four different
diagnoses had been considered for the one child from the onset of symptoms,
until the diagnosis of NCL at 19 years of age. International studies have identified
delays in diagnosis of two years for children with CLN2 (Nickel, Kohlschütter, &
Schulz, 2015), to longer delays up to nine years for children with CLN3 or 'juvenile
Batten's disease' (sic) (Spalton, Taylor, & Sanders, 1980). Most incorrect
diagnoses of the latter CLN3 disease were ophthalmological, but some children's
diagnoses were initially considered psychiatric and of a non-organic cause
(Collins et al., 2006; Spalton et al., 1980).
1.2.3 Rare diseases in Australia
Although individual rare diseases are unusual, collectively they are common. In
Australia, a rare disease is defined as having a prevalence of less than 1:10,000
(Zurynski, Frith, Leonard, & Elliott, 2008). Countries tend to have different scales
or classifications to determine the definition of a rare disease. In the US, a
particular rare disease is defined as one with a prevalence of less than 200,000
in the total population of this country (Houlton, 2018). In Europe, a rare disease
is determined with a prevalence of less than 5:10,000 and the group of NCL
diseases is well below this prevalence (Stehr & Forkel, 2013). Disparity exists
between countries defining what constitutes a rare disease.

Approximately 8%, or 1.2 million individuals of the Australian population are
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estimated to be living with one of 10,000 known rare diseases (Elliott & Zurynski,
2015). Other authors suggest lower estimates of 7,000 rare diseases (Walkley et
al., 2016). Regardless of the number of rare diseases, it is proposed that these
figures will only increase as more are identified through advances in genomic
diagnostic techniques (Fernandez-Marmiesse et al., 2014; Mohamed, 2012; F.
Wang et al., 2014). Although the percentage of people affected by rare diseases
is relatively low, together they affect at least 30 million people in the European
Union (EU), and 25 million people in the US (Knight & Senior, 2006). Over half of
rare diseases impact children (Black, Martineau, & Manacorda, 2015). This
equates to 15 million children diagnosed with a rare disease in the EU, and over
12 million children in the US. Globally, rare diseases have a far-reaching impact.

Kirby (2012) describes the difficulties families face as they seek a definitive
diagnosis of a rare disease. Rare diseases are particularly prone to a delayed
diagnosis because the traditional diagnostic algorithms are not suitable for a
condition with a low prevalence (Mueller, Jerrentrup, Bauer, Fritsch, & Schaefer,
2016). Presently, there is also a lack of awareness by health professionals of
specific rare diseases (Metcalfe, Hurworth, Newstead, & Robins, 2002).
Programmes to increase tertiary education of rare diseases for medical students
are proposed (Cismondi et al., 2015). Rarity of NCL, variable presentation, and
lack of awareness of NCL are all contributory to a delayed diagnosis.

1.2.4 Epidemiology of NCL
Currently in Australia, approximately 30 children have an NCL diagnosis and a
further 100 children have died from this disease according to estimates previously
provided by the Australian chapter of the Batten Disease Support and Research
Association (BDSRA) (http://battens.org.au/). Incidence figures of NCL in New
Zealand were not obtainable. The most recent estimates state there are possibly
fewer than four affected children and their families in New Zealand
(https://curekids.org.nz/). This would be consistent with the smaller population in
New Zealand, compared with Australia. Despite a low worldwide incidence of
NCL, there is some variance between countries. Newfoundland, Canada (Moore
et al., 2008), and some Scandinavian countries are known to have a higher
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incidence of NCL (Uvebrant & Hagberg, 1997).
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Figure 1: Barriers in rare disease diagnosis
(Kole & Faurisson, 2015; Mueller et al., 2016).
1.3.1 Conceptual basis of the study
Figure 1 represents the underlying barriers to rare disease diagnosis.
Researchers attest to potential precursors of subtle neuro-behavioural signs and
symptoms of CLN3, the juvenile form of NCL (Adams et al., 2007). Neurological
deterioration is the principal sign of the Lysosomal Storage Disorders (LSDs), of
that NCL belongs. However, other symptoms are specific for each disease type
(Al-Shamsi, Hertecant, Souid, & Al-Jasmi, 2016). A recurrent theme in rare disease
research is that a delayed diagnosis is the prevailing experience for individuals
and their families (Kepreotes, 2014; Kole & Faurisson, 2010, 2015).
1.3.2 Theoretical background of the study
This study utilised a quantitative survey design for this exploration of the
diagnostic journey of parents with children diagnosed with NCL. However,
undertaking both a quantitative survey and additional qualitative interviews were
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beyond the scope and time limitations of this master’s research degree. Ethical
considerations of the additional risks to participant anonymity in rare disease
research using small samples (Griggs et al., 2009), helped shape this research
protocol. Descriptive theories underlie the decision to use a quantitative
descriptive theoretical perspective first used by Downs and Fawcett (1986). An
exploratory study was chosen to find out 'what is'. That is, is there a delay in
children being diagnosed with NCL and what, if any, are the antecedents of a
delayed diagnosis?
1.3.3 Problem statement
An initial review of the literature identified a diagnostic delay for many rare
diseases, including NCL. This information shaped the development of the
protocol to focus on the early symptomatic and the diagnostic phases of the
specific rare disease NCL. A knowledge gap was identified relating to the paucity
of recent studies of NCL prevalence in the Australian and international context.
Worldwide, exploration of the family's experience before the diagnosis of NCL or
Batten disease is limited (Malcolm et al., 2012; S. Scambler, 2005). Despite this,
it was possible to identify multiple examples of delayed diagnosis or misdiagnosis
of childhood-onset NCL diseases in the literature (Bohra, Weizer, Lee, & Lewis,
2000; Collins et al., 2006; Craiu et al., 2015; Pérez-Poyato et al., 2012b).
1.3.4 Literature gap
The gaps identified in the literature include:
1. Limited references to the early signs and symptoms of each NCL disease type
2. A paucity of the family's experience of their child or children's diagnosis of NCL
3. Lack of identification of the facilitators or hindrances to diagnosis
The research problem was an identified significant delay in obtaining a correct
and timely diagnosis for children with NCL. This guided the development of the
explicit research questions that I sought to address during my candidature. This
specifically included identifying signs and/or symptoms related to how the early
onset of the disease presented, and what factors impacted diagnosis.
Justification of this research and the challenge to bridge the gaps identified in the
literature will be presented. This study endeavours to isolate the timeline from the
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onset of initial signs and symptoms until the diagnosis of NCL was confirmed in
these A&NZ children.
This study aims to identify the distinctive early physical, psychological, and/or
behavioural features of childhood-onset NCL in this A&NZ population, as
reported by their parents. This examination will include any symptoms that the
child experienced before, or at the time of diagnosis. Additionally, signs that the
parents, or others, identified in a child or children will be extracted from the data.
1.3.5 Justification of this study
International research regarding NCL diagnosis in children has identified a
protracted diagnosis of two to nine years (Collins et al., 2006; Dulz et al., 2016;
Nickel et al., 2015; Spalton et al., 1980), sometimes longer (Henry & Stevens,
1982; Perez-Poyato et al., 2011). NCL is the most common genetic cause of
dementia in children and presents a diagnostic challenge to identify early
cognitive loss in children (Schulz & Kohlschutter, 2013). Elucidating the initial
onset of NCL in children may facilitate earlier recognition and possible diagnosis
of this life-limiting disease in the future. As disease-modifying treatments continue
to emerge for some types of childhood-onset NCL, timely diagnosis of this rare
disease is a formidable goal.
1.3.6 Research questions
The following six research questions were formulated:
1. Which individual/s, either within or outside the family, were the person/s most
likely to identify a child’s initial signs or symptom/s prior to the diagnosis of NCL?
2. What were the initial signs and/or symptoms of childhood-onset NCL disease
in this A&NZ population first noticed that caused concern for parents?
3. Could the timeline of NCL diagnosis in A&NZ children be established?
4. How often was the diagnosis of these children delayed or initially incorrect?
5. Which individuals, including health professionals prompted the investigation
and instigated a timelier diagnosis of NCL?
6. Are there any differences in life expectancy of children with different NCL
diseases?
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1.3.7 Aims of the study
The research questions corresponded with the following six aims of this study:
1. Identify the individual/s who first identified any changes in these children before
the diagnosis of NCL
2. Identify any distinctive physical or behavioural signs and symptoms of children
during the early onset of NCL, as reported by parents
3. Determine the timeline of NCL diagnosis in children in this A&NZ population
4. Specify the number of misdiagnoses and/or delayed diagnoses before a
confirmed NCL diagnosis of these A&NZ children, according to each NCL disease
5. Identify the individuals, including health professionals, who impacted the
diagnosis of NCL by prompting an investigation of emerging symptoms in a child
6. Determine timeline of life expectancy between the different NCL diseases.
1.3.8 Research design
This research utilised a retrospective cross-sectional quantitative survey. Both
historical diagnoses over the past five decades and recent diagnoses of children
with NCL in this A&NZ population were included in this study. This research
respectfully acknowledged most Australian children with this disease have
already died. It is also recognised that many of the children currently affected by
NCL are extremely debilitated by the condition, whilst some are moving closer
towards palliative care. There were two study phases to this research to
incorporate key informant expertise into the survey design.
Consultative phase: The first phase involved consultation with a small group of
parent key informants whose child or children had been diagnosed with NCL.
These parents had access to the consultative phase participant information
statement (PIS) and provided their signed informed consent form to voluntarily
participate in this initial phase. Parents critically reviewed the survey design prior
to it becoming available for the second phase.
Survey phase: The second phase was open to all potential participants who met
the eligibility criteria for the study. Parents read the survey phase PIS, and
provided their implied consent if they proceeded to complete and submit the
Research Electronic Data Capture (REDCap®) survey on-line or a hard copy if
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requested (Harris et al., 2009). As some families had more than one child
diagnosed with NCL, a separate survey was submitted for each individual child.
1.3.9 Methodology summary
A summary of the two phases of the study methodology and data analysis is
outlined in the following Table 1, with further detail provided in chapter three.
Table 1: Methodology summary
Methodology

Procedure

1. The consultative phase:
Review phase of the survey and PIS

Parent key informants who were
BDSRA
Australian
committee
members reviewed the survey and
PIS
REDCap® survey open to all
eligible A&NZ parents of a child or
children (living or deceased),
diagnosed with NCL during the past
five decades
Quantitative data analysis, and
collation of additional free text
content.

2. The survey phase:
Quantitative data collection

3. Data analysis:
Descriptive statistics

1.4 Structure of the thesis
This study has been undertaken as a traditional thesis. Following this introduction
in chapter one, a comprehensive literature review of the research regarding NCL
onset in children is presented in chapter two. Research methodology, study
design, survey development, and ethical considerations using the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) format (Von
Elm et al., 2007), are summarised in chapter three. Descriptive data analysis and
results of both phases of the study are reported in chapters four and five. Study
findings and the conclusions reached from the study are discussed in the final
chapter six.
1.5 Natural history study
This A&NZ study focused on one specific aspect of the natural history
progression of NCL during childhood. This was the pre-clinical phase before, or
including, the first onset of signs and/or symptoms in a child. The pre-diagnostic
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phase would likely be variable in length, dependent on the time to diagnosis for
each child. It was expected each NCL disease type would differ with the age of
onset and presentation, and variable phenotypes may also be evident. Each
participant was a parent or guardian of an individual child represented in this
study, who provided detailed information regarding their child or children by
proxy.
That is, the parent participated in the study as a surrogate for their child. It was
expected that a substantial number of children referred to in this study will have
already died. The National Health and Medical Research Council (NHMRC)
defines research without a direct benefit to the child as non-therapeutic (NHMRC,
2001). It is proposed that the children represented in this A&NZ population
(posthumously or children presently affected by NCL) are unlikely to directly
benefit from their parents’ participation in this survey. However, there are
potential diagnostic or educational benefits that may arise from this research.
Hindrances and facilitators of NCL diagnosis in A&NZ children may be identified
that could potentially impact future diagnostic times for children with this rare
disease.
Sibships refer to two (or more) siblings in the one family who have both been
diagnosed with the same NCL disease. Unlike their older sibling, a younger
sibling may have received a pre-symptomatic NCL diagnosis before the onset of
signs or symptoms. For this reason, their diagnosis was facilitated and would
expectantly be shorter than their older sibling who was the index or first case in
a family. Results from the younger sibling of any sibships identified in this A&NZ
study will not be included in the diagnostic delay calculations due to their presymptomatic and expedited diagnosis.
1.6 Relevance of this study
In summary, these A&NZ families have the potential to provide a wealth of insight
regarding their personal experiences of their child or children's diagnosis of NCL.
The following paragraph is about a family in the United Kingdom (UK) that
encapsulates the diagnosis of NCL. This excerpt is about Oscar that has been
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included with his mother Carrie's permission and was written by Greg Lopez
‘Benjamin’s Daddy@rareblogger.com’.
'What are the things that we see in these families who face Batten
disease? Each story begins with the joy that comes with welcoming a
child into the world. Sometimes we touch on the expectations that one
might have for the life of that child. Then, things begin to happen that
no one would expect to happen. There is, all of a sudden something
very wrong and a search for answers takes place. Sometimes that
search takes a very lengthy period of time and sometimes the puzzle
is put together more quickly. The search takes place while the child
suffers setbacks and symptoms that leave people confused and
dismayed. When the answer is found it brings with it devastation that
has to be experienced in order to be understood…Devastation gives
way to determination to do everything that is possible. This, in order to
provide the best and brightest quality of life. To provide the happiest
and most loving home…” (https://www.rareblogger.com/blog/thingsweve-talked-about-oscars-story June, 2018).
Investigation of the diagnosis of NCL or Batten disease in children could
potentially provide a conduit for greater understanding of these families. It is
feasible to reduce the diagnostic delays currently experienced by families with
this rare disease by revealing more details about the onset of the disease in
children. Identifying the facilitators and hindrances to the diagnosis of NCL could
improve prospective diagnostic times. With an approved treatment specifically
available for CLN2 disease (Schulz et al., 2019), and more treatment options
likely for other NCL diseases in the near future (Mole et al., 2019; Rosenberg et
al., 2019), it is imperative these children are recognised, investigated, referred,
and diagnosed promptly to access such treatments.
The format of the two study phases is presented in Appendix 1 and the timeline
of the study is provided in Appendix 2. The budget available to prepare and
conduct data collection, statistical analysis, and formatting of the thesis is
summarised in Appendix 3.
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1.7 Overview summary
NCL is a rare, life-limiting neurodegenerative disease that mostly occurs in
young children. As the leading genetic cause of dementia in childhood, it is
characterised by a lengthy diagnostic delay. NCL or Batten disease may refer
singularly to CLN3 disease, or collectively to incorporate all NCL diseases,
potentially impacting recognition of a specific disease. Thirteen of the fourteen
genotypes have been identified. Multiple NCL diseases impact various age
groups dependant on the inherited genetic mutations, phenotype, and other
factors. An inconsistent age of onset, and variable cluster of initial symptoms
may further negatively impact diagnosis. Lack of inclusion in a patient registry
has been associated with limiting access to clinical trials or an approved
treatment, and A&NZ families could benefit from participation in a scientific
patient registry. Increasingly, genetic links between NCL and other adult-onset
neuro-degenerative diseases are being identified. Examining evolving
dementia in children may augment our understanding of adult-onset dementia.
1.8 Summary of NCL
NCL is a rare disease infrequently encountered but the impact of this disease on
families is profound. The implications of a life-limiting disease for one child, and
sometimes more than one, on a family are insurmountable. Even prior to
diagnosis, their journeys are often characterised by lengthy diagnostic delays
including multiple misdiagnoses. NCL shares many similar features with other
rare diseases. With a low incidence and lack of familiarity of this rare disease,
recognition by health professionals may be less likely. There are multiple factors
that can influence the diagnostic journey, either facilitating or hindering NCL
diagnosis. The initial signs and symptoms at the onset of the disease are
identifiable, perhaps supporting earlier diagnosis in the future.
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2.1 Introduction

Chapter 2. Literature Review

In chapter two, the literature relevant to childhood-onset NCL and diagnosis is
presented. This literature review provided a summation of the history of the rare
disease NCL, but particularly the childhood subtypes. It focused on the distinctive
features of NCL, the early presentation of NCL, and the diagnostic path of
childhood-onset NCL. Research specifically regarding the pre-diagnostic phase
of children was limited, therefore relevant features of the early presentation were
extracted from the literature. Some of these details may have been a single word
or a phrase regarding the onset of the disease in children. Many of the references
were decades old but remain relevant to the contemporary diagnosis of this rare
disease. These early features of childhood-onset NCL disease types were
coalesced along the timeline from symptom onset until the diagnosis of NCL.
An extensive literature search of the available research was undertaken, sourcing
abstracts and full-text journals in English, regarding the diagnosis of childhood
and adult-onset subtypes of NCL. This literature review was directed on
childhood-onset NCL diseases, but the merging of some childhood and adult
phenotypes of NCL made this distinction unfeasible.
This chapter provides both the historical and contemporary literature regarding
NCL onset, with an emphasis on disease types affecting children. A historical
component of the review was necessary for several reasons. British, European,
and North American studies have provided the predominant but limited historical
source of comprehensive natural histories, particularly during the last three
decades of the 20th century. These studies comprised of the congenital; classic
infantile; late-infantile; juvenile; adult subtypes as they were previously
designated; and other variants with a clinicopathological diagnosis of NCL. Some
historical cases were later confirmed with a genetic diagnosis, while other
diagnoses were determined to be incorrect. Overlapping childhood and adult
subtypes, pre-genetic clinical diagnoses supported by histopathology and/or
electrophysiology, enzymatic assays, and/or genetic diagnoses contribute to the
complexity of assigning early symptoms to individual NCL diseases. Limited
studies specifically examined the early phase of evolving symptoms in individual
14

or a collective of NCL diseases.
The vast majority of NCL literature relates to basic science; single-cell organisms;
small vertebrae; small and larger animal model research. Natural history studies
in humans are rarer (Adams 2014), especially outside Europe (Sleat, Gedvilaite,
Zhang, Lobel, & Xing, 2016). The prevailing studies tend to focus on the three
most common NCL disease types in many countries. These are CLN1, CLN2,
and CLN3 disease, previously referred to as infantile, late-infantile, and juvenile
NCL subtypes, respectively. Based on 2015 estimates, there are more children
born annually in the US with CLN2 than any other NCL disease. The highest
number of 115 living patients with a specific NCL disease (CLN3 with a longer life
expectancy), were identified in the US in the same year (Sleat et al., 2016).
Between 2006 and 2012, an estimated 50 percent of NCL research originated
from the US. Finland was the next most prolific publisher of NCL research (Stehr
& Forkel, 2013), corresponding with the highest incidence of CLN1 disease in the
world (Uvebrant & Hagberg, 1997). Research focusing on the early signs and
symptoms of childhood-onset NCL disease and diagnosis is limited, even
regarding these three most prevalent classic CLN1 - CLN3 diseases.
This literature review provides an overview of the distinctive features of NCL, the
early presentation of this disease, and the diagnosis of NCL in children. Data
were extracted from a range of historical and recent natural history studies. The
literature informed and supported the development of the survey tool, designed
by the research team specifically for this study. Facilitators and impediments to
diagnosis of this rare disease in children are presented. When relevant,
contrasting details regarding NCL diagnosis in adults were also included. This
chapter concludes with the limitations of this literature review.
2.1.1 Search strategy
The key terms used for the literature search are summarised in Table 2.
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Table 2: Search terms used for the literature search
Themes

Terms

Types:

Neuronal Ceroid Lipofuscinosis (NCL); NCL; Batten disease;
CLN1-CLN14; NCL diseases; Lysosomal Storage Diseases
(LSDs); rare diseases; congenital; infantile; late-infantile; juvenile;
child; adult
Symptoms: early symptoms; symptoms; early onset NCL; early presentation;
presentation NCL/Batten disease
Diagnosis:
diagnosis; delayed diagnosis; misdiagnosis; missed diagnosis;
incomplete diagnosis; early diagnosis NCL/Batten disease
The databases searched included PubMed; CINAHL; Science Direct; Google
Scholar; and On-Line Mendelian Inheritance in Man (OMIM)© (www.omim.org).
Few journal articles regarding NCL were located in the CINAHL and Cochrane
databases. Reference lists from identified papers were manually searched for
any supplementary literature. Historical journals from previous decades were
sourced and grey literature from BDSRA support groups and genetic websites
were also examined.
Additional searches of individual journals included but were not restricted to the
Orphanet Journal of Rare Diseases; New England Journal of Medicine (NEJM),
Journal of Child Neurology (JCN), and Frontiers in Neuroscience. A search of
Google Scholar using the terms 'Diagnosis and NCL' up until February 2020
resulted in 42,100 journal articles. The majority of articles and research are
regarding scientific and small animal models of NCL. An extremely limited
number of articles were identified specific to the early diagnosis of NCL in
children. Almost 400 journal articles identified using these search strategies were
used in the thesis.
2.1.2 Childhood and adult-onset NCL disease
Although this literature search was focused on childhood-onset NCL, it was
sometimes difficult to isolate childhood from adult-onset NCL disease as there is
a considerable overlap of phenotypes. For example, classic infantile CLN1
disease, may also have a late-infantile, juvenile, or adult-onset (Kalviainen et al.,
2007; Kohan et al., 2009; Perez Poyato et al., 2012; Ramadan et al., 2007; Van
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Diggelen et al., 2001). Similarly, differences in the late-infantile variant CLN6 that
typically spans infancy and early childhood, can have an onset in the teens or
early adulthood (Canafoglia et al., 2015; Magrinelli et al., 2017). There are six
NCL diseases that impact adults, with CLN4/DNAJC5; CLN11/GRN, and
CLN13/CTSF presently identified only in adults. In contrast, CLN1, CLN5, or
CLN6 disease has been diagnosed in both children and adults (Magrinelli et al.,
2017).
2.1.3 Australian context
International research on the specific diagnostic experiences of families with NCL
is limited (Malcolm et al., 2012; G. Scambler, 2016; Williams et al., 2006).
Currently, a NCL family registry is maintained by the Australian chapter of
BDSRA. Recent A&NZ NCL incidence or prevalence figures of NCL in either
country were not locatable. The same corresponding author of two different
journal articles discusses an Australian study of eleven children and young adults
with CLN6 (Ramakrishnan & Akram Husain, 2016), when the study is actually
regarding Italian patients by Canafoglia et al. (2015) with one Australian author.
No contemporary Australian studies of the epidemiology or diagnosis of
childhood-onset NCL disease were identified in this literature review. One
historical Australian reference by Henry and Stevens (1982) reported the
ophthalmologist's contribution to a protracted diagnosis of neuronal ceroid
lipofuscinosis in the amaurotic retardate (sic) of two girls in their late teens.
Although no recent Australian studies regarding childhood-onset NCL disease
were sourced, there were journal articles located regarding adults diagnosed with
NCL in Australia (Smith et al., 2013; Smith et al., 2012).
One article discusses a small historical adult-onset NCL cohort that included a
female adult in Australia, confirmed with mutations in the cathepsin F (CTSF)
gene and designated as CLN13 or Adult Kuf's Type B (Smith et al., 2013).
Additionally, Smith et al. (2012) describe two female adult siblings in their
twenties who were ultimately diagnosed with a newly-designated NCL disease,
CLN11. The seminal work of the Australian-based researcher Berkovic and
colleagues (Berkovic, Carpenter, Andremann, Andermann, & Wolfe, 1988),
identified only 50 cases of 118 published cases of adult-onset NCL - Kuf's disease
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to be accurate. Similarly, recent international collaboration identified more than a
third of adult-onset NCL diagnoses were confirmed to be incorrect (Berkovic et
al., 2016). Recurrent misdiagnoses of adult cases initially determined to be NCL
are identified in the literature, whilst a missed or delayed diagnosis is more
characteristic of childhood-onset NCL disease (Collins et al., 2006; Nickel et al.,
2015).
2.1.4 Introduction and literature search summary
NCL is a rare neurodegenerative disease that is presently life-limiting and
mostly impacts young children. It has a congenital to adult-onset but is usually
evident during early childhood. The range of 14 NCL diseases have been
categorised (13 genotypes have been identified). Phenotypes with varying
ages of onset can confound the initial presentation of NCL. Generally, earlier
onset NCL disease is associated with a shorter life expectancy. As with other
rare diseases, there are distinctive and some merging characteristics during
the evolution of the disease. Natural history studies that focused on the early
signs and symptoms were limited, and no recent Australian studies of
childhood-onset NCL were identified.
2.2 Historical background NCL
In 1826 Dr Christian Stengel reported the cases of four affected siblings in a small
mining community in Norway. Although pathological studies were not performed,
the clinical descriptions of these children were accurate portrayals of the juvenile
Spielmeyer-Sjogren disease (Stengel, 1826). Almost a century later, fundamental
clinicopathological observations were reported by Dr Frederick Batten in 1903 of
two siblings in the UK who presented with cerebral degeneration associated with
macular dystrophy (Batten, 1903).
The term ‘amaurotic familial idiocies’ (AFI), was introduced by the American
neurologist Sachs during the late nineteenth century to describe a fatal familial
form of neurological disease with visual loss (Sachs, 1896). Additional work by
Vogt and others during the early twentieth century, provided extensive
clinicopathological studies of several families (Vogt, 1906). In retrospect, it
became apparent that the authors of these papers had grouped different
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genotypes and phenotypes of the disease. Furthermore Batten, at least for a
period of time had insisted that the condition he described was distinct from TaySachs disease (Batten & Jukes, 1915a; Batten & Mayou, 1915b). Tay-Sachs was
deemed the prototype of a neuronal lysosomal disorder during this period. For
the next half a century, multiple eponyms and AFI were used interchangeably to
describe the different variants of the disease that were identified.
Unfortunately, Tay-Sachs disease continued to be erroneously included with AFI
(Henry & Stevens, 1982). This period of confusion lasted almost 50 years with
NCL incorrectly classified as variants of Tay-Sachs disease, the latter that was
ultimately determined to be a gangliosidosis (Zeman & Dyken, 1969). Up until the
1960s, the descriptive AFI term encompassed what eventually would become a
separate set of diseases ultimately designated NCL or Batten disease. Zeman
and Dyken (1969) were responsible for introducing the pathologically descriptive
term called Neuronal Ceroid-Lipofuscinosis or NCL.
In particular, Zeman and Dyken identified distinct storage bodies with
ultrastructural and histopathological markers (Zeman & Dyken, 1969). The
pigmentary nature of deposits in certain types of the various storage disorders
prompted the differentiation of NCL, gangliosidoses, and the sphingolipidoses
(Goebel, 1995). By the late 1960s, NCL was broadly categorised according to the
age groups of infantile, late-infantile, juvenile, and adult-onset. International
efforts continued to differentiate subgroups of NCL by their histopathological
features.
2.2.1 Identification of the first CLN gene
A collaborative effort led to the identification of the first NCL gene in 1995, ceroid
lipofuscinosis neuronal (CLN) (Lerner et al., 1995). This led to the original and
optimistic notion that CLN1, CLN2, CLN3 and CLN4 genes would be linked with
each of the respective age groups (Warrier, Vieira, & Mole, 2013). Discovery of
the first three CLN genes occurred in 1995 (Lerner et al., 1995), but several
others were identified before CLN4. Presently, NCL genes have been located on
autosomes, and therefore, are predominantly inherited in a recessive manner.
This happens when both disease alleles are deleteriously mutated (Warrier et al.,
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2013). The exception, as previously mentioned, is the extremely rare autosomal
dominant adult-onset Parry disease - CLN4/DNAJC5 (Velinov et al., 2012).
Presently, there are over 440 mutations identified in 13 of the 14 genotypes
designated CLN1 - CLN14, excluding CLN9 (Mole & Cotman, 2015). This
phenotype was originally identified and designated as the CLN9 genotype
(Schulz et al., 2004), however, later genetic testing reassigned one of these
families with affected siblings as CLN5 (El Haddad et al., 2012). There are
patients with a clinical diagnosis of NCL supported by histopathology, in which
the mutations remains unidentified (Kousi, Lehesjoki, & Mole, 2012). An
estimated 10% of present NCL cases do not have a confirmed genetic diagnosis,
although this figure will likely decrease with improved molecular diagnostics (Mole
& Cotman, 2015).
2.2.2 Historical background summary
NCL has a documented history dating back almost 200 years, with the first
published description considered a juvenile-onset of the disease presented by
Stengel in the early 19th century (Brean, 2004). Almost a century later,
pathological and clinical descriptions of siblings by Batten (1903), and others
further defined the clinicopathological picture. During the 20th century,
scientists referred to the disease as 'familial amaurotic idiocy', or by multiple
eponyms such as Batten, Vogt, and Kuf's disease, to name a few. In the late
1960s, Zeman and Dyken (1969) introduced the term NCL to clarify the
clinicopathological picture of this disease. Collaborative international research
culminated in the first CLN gene being identified in 1995.
2.3 Literature review
This literature review identified only a relatively small component of NCL research
dedicated to the clinical presentation, natural history of the different disease
types, or the experiences of families preceding the diagnosis of their children. An
examination of the literature is not inclusive of the extensive resources, animal
model and small cell studies, clinical research, and research regarding the
genetic diagnosis of NCL (Cotman et al., 2013; Deacon, Charles, Cheeseman, &
Cathey, 2016; Liu et al., 2017; Mole & Cotman, 2015). The genetic features of
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the disease are an integral feature of NCL that cannot be isolated from its distinct
clinical features. However, it is the early clinical presentation of children with NCL
and the families' experience of diagnosis that is the focus of this literature review
and research.
Primarily, this is a narrative review that integrates aspects of NCL onset identified
in the literature that were reported to have facilitated or hindered the diagnosis of
children. Substantial progress has been made by researchers to provide natural
histories of the different NCL diseases, but these studies remain limited. The early
clinical signs and symptoms at the onset of each childhood-onset NCL disease,
but particularly the period before the diagnosis of NCL, has not been explored in
depth. Minimal research was identified specifically regarding this early
symptomatic phase.
Table 3: Historical and recent eponyms and synonyms of NCL diseases
NCL
disease
CLN1

Previous
designation

NCL eponyms and
synonyms

References

Haltia-Santavuori

Santavuori, Haltia, and Rapola (1974)

Jansky-Bielschowsky

Kohan et al. (2013); Santavuori et al. (1991)

Batten-SpielmeyerSjogren
Kuf’s

(Adams et al., 2013; Kristensson, Olsson, &
Sourander, 1967)
(Arsov et al., 2011; Berkovic et al., 1988; Kufs, 1925)

Adult autosomal
dominant (Parry) AD
Finnish variant late
infantile
Lake-Cavanagh/
Indian/Czech/Gypsy
Kuf’s

(Boehme, Cottrell, Leonberg, & Zeman, 1971; Velinov
et al., 2012)
(Santavuori, Rapola, Sainio, & Raitta, 1982; Simonati
et al., 2017)
(Canafoglia et al., 2015; Lake & Cavanagh, 1978; J.
Sharp et al., 1997)
(Berkovic et al., 1988; Berkovic et al., 2016)

Turkish variant

CLN5

cInfantile NCL
(INCL)
cLate-infantile
NCL (INCL)
cJuvenile NCL
(JNCL)
cAdult NCL
(ANCL)
Adult NCL
(ANCL)
vLINCL

CLN6

vLINCL

CLN6
CLN7

ANCL Kuf’s,
Type A
vLINCL

CLN8

vLINCL

-

(Ardicli, Yuksel, Oguz, & Topcu, 2017); Kousi et al.
(2009)
(Beesley et al., 2017)

CLN8

vLINCL

CLN9

-

Turkish variant/Northern
Epilepsy/ EPMR
-

(Cannelli et al., 2006; Herva, Tyynelä, Hirvasniemi,
Syrjäkallio‐Ylitalo, & Haltia, 2000)
(El Haddad et al., 2012; Schulz et al., 2004)

CLN10

Congenital

-

CLN11

-

-

(Barohn, Dowd, & Kagan-Hallet, 1992; Norman &
Wood, 1941; Siintola et al., 2006a)
(Smith et al., 2012)

CLN11

FTLD-GRN

CLN12
CLN13

Kufor-Rakeb
syndrome
Kuf’s, Type B

*Frontal Temporal Lobe
Degeneration
Park 9

CLN14

EPM3

CLN2
CLN3
CLN4A
CLN4B

Kuf’s
Progressive Myoclonic 3
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(Valdez et al., 2017)
(Al‐Din, Wriekat, Mubaidin, Dasouki, & Hiari, 1994;
Bras et al., 2012)
(Di Fabio, Colonnese, Santorelli, Pestillo, & Pierelli,
2015; Smith et al., 2013)
(Kousi et al., 2012; Staropoli et al., 2012)

Table 3 (continued): Historical and recent eponyms and synonyms of NCL
Eponyms/Synonyms

References

Familial Amaurotic Idiocy (Warren Tay-Sachs);
Batten Mayou; Neuronal Lipidosis
Neuronal Ceroid-Lipofuscinosis (Batten's Disease);
Batten-Spielmeyer-Vogt
Lipidoses; 'so-called' neuronal ceroid lipofuscinosis

(Batten & Jukes, 1915a; Batten & Mayou, 1915b;
Jervis, 1950; Seeliger et al., 1997)
(Santavuori, 1972; Zeman & Dyken, 1969)

Polyunsaturated fatty acid lipidosis (PFAL);
so-called amaurotic idiocies
Familial cerebro-macular degeneration (Stengel-Batten-MayouSpielmeyer-Vogt-Stock disease)
Neuronal ceroid lipofuscinosis in the amaurotic retardate;
Tapetoretinal Degeneration (included cases of NCL)
Late infantile Familial Amaurotic Idiocy (included cases of NCL)

(Harden, Pampiglione, & Picton-Robinson, 1973;
Santavuori et al., 1974)
(Hagberg, 1975; Minauf, 1975)
(E. Hansen, 1979)
(Henry & Stevens, 1982) (Wilson, 1972b)
(Goebel, Gerhard, Kominami, & Haltia, 1996a)

Ceroid-lipofuscinosis (Lipofuscinoses); Ceroid Lipofuscinosis, (Matias et al., 1989; Wilkinson, 2001)
neuronal 3, Juvenile-Batten disease
AD-Autosomal dominant; c-classic; EPMR-epilepsy progressive with mental retardation; MFSD-major
facilitator superfamily domain-containing protein 8; v-variant; *when heterogeneous.

Table 3 summarises the extensive number of historical and current terms used
to describe NCL diseases, but it is acknowledged that this list is not absolute.
Goebel (1995) suggested there is probably no other disorder or group of diseases
that has been referred to by as many alternate eponyms. The multiple synonyms
and eponyms referring to NCL, did not facilitate a systematic literature review.
The following example depicts the extensive number of multiple terms used for
CLN3 disease, one of the 13 different genotypes of NCL that have been identified
(Mole & Cotman, 2015). A systematic review by Kuper and colleagues (2018)
identified 13 alternative terms used for this specific NCL disease. The terms
searched by the authors included "CLN3 disease, juvenile neuronal ceroid
lipofuscinosis, JNCL, juvenile NCL, Batten disease, Batten’s disease, CLN3,
NCL3, Spielmeyer Vogt Sjogren, Batten Spielmeyer Vogt, Spielmeyer Vogt,
Spielmeyer Sjogren, and Juvenile Amaurotic Idiocy" (Kuper et al., 2018).
2.4 NCL or Batten disease
It is suggested that the multiple and interchangeable terms for NCL or Batten
disease do not facilitate health professional and public awareness of this rare
disease. Additionally, it is emphasised that Batten disease can refer to the single
clinically and/or molecularly diagnosed juvenile-onset CLN3 (Adams et al., 2013;
Collins et al., 2006; Ostergaard, 2016), or to the collective of all NCL diseases
(Dolisca, Mehta, Pearce, Mink, & Maria, 2013). Whether Batten disease is
referring specifically to CLN3 disease, or generically to include all NCL diseases,
is not always obvious in the literature. It is feasible that the slightly older age of
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onset and the longer life expectancy of a child with Batten disease (CLN3
specifically), is sometimes merged with other NCL diseases with a younger onset
and alternate presentation.
Williams and Mole (2012) recommend using both the gene and the phenotype,
such as "CLN3, juvenile". Although CLN3 has traditionally and even recently been
described as juvenile-onset NCL, it implies an onset in adolescence whereas it
evolves much earlier. The usual earliest symptom of visual loss has been
identified in children with CLN3 as young as four to seven years, sometimes
either side of this age range (Ostergaard, 2016; Perez-Poyato et al., 2011). There
is a developmental stage when these children are likely to present, usually to an
ophthalmologist (Bohra et al., 2000; Collins et al., 2006). This is during the very
early formative primary school years (B. Johnson & Jochum, 1996), sometimes
as early as kindergarten (Philippart, Messa, & Chugani, 1994). Although
anecdotal, visual loss behaviours in children have been identified by educators,
which prompted further investigation and ultimately a diagnosis of CLN3
(www.sosdoctors.com.au/shining-the-spotlight-on-batten-disease).
As there are numerous alternate terms and clinical presentations for NCL disease
in children, the focus of this narrative review is to coalesce these differences. By
merging the similarities within NCL disease types but emphasising the distinctive
features between the different diseases, a clearer picture of the onset of NCL in
childhood emerges.
The following Figure 2 summarises the three main themes contributory to NCL
diagnosis that were identified in the literature. This triad is organised into the:
•

distinguishing features

•

early presentation

•

diagnostic path of NCL diagnosis in children.
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2.5
Distinguishing
features

2.7
Diagnostic
path

2.6 Early
presentation

Figure 2: Three main themes of diagnosis of childhood-onset NCL diseases
2.5 Distinguishing features of NCL
This section will provide an overview of NCL. From the broad to the specific, the
significance of the umbrella group of metabolic diseases including the lysosomal
diseases impacting the neurological and extraneural function in children (and
adults) is outlined. A tentative classification of NCL as a lysosomal disease
developed during the last two decades of the 20th century (Bennett & Hofmann,
1999; Carpenter & Karpati, 1986; Meikle, Hopwood, Clague, & Carey, 1999).
Genetic determinations of links between lysosomal diseases including NCL, with
more common neurodegenerative diseases impacting adults have recently been
identified (Beck, 2016; Cotman et al., 2013; Coutinho & Alves, 2016). It is
anticipated these emerging associations will continue to stimulate research
interest into rare diseases such as NCL. Figure 3 presents the primary group of
metabolic diseases, which subsequently includes the lysosomal diseases. NCL
is one of these lysosomal diseases.
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Inborn errors of metabolism
(IEMs)
Lysosomal storage
disorders (LSDs)
Neuronal Ceroid
Lipofuscinosis (NCL)
NCL diseases
CLN1 - CLN14

Figure 3: Subgroups of the metabolic disorders
2.5.1 Inborn Errors of Metabolism (IEMs)
In section 2.5, the distinguishing pathophysiology, and clinical features of NCL
diseases impacting children are described. Inborn errors of metabolism (IEMs)
are a group of disorders that predominantly derive from a single enzyme that is
deficient in the metabolic pathway (Campeau, Scriver, & Mitchell, 2008).
Individually these diseases are rare, but as a group the prevalence can be as
high as 1 in 784 live births, determined in an UK study of the West Midlands
(Sanderson, Green, Preece, & Burton, 2006). At least 500 distinct diseases
belong to the group of IEMs and over 25% occur in the neonatal period (ElHattab, 2015). A study spanning 1969 to 1996 in the Canadian province of British
Columbia identified approximately 40 affected children in 100,000 births, with the
proviso that several groups of metabolic diseases were not included. Although
these figures would likely have underestimated the incidence of IEMs, 20% of
these cases were identified as lysosomal diseases (Applegarth & Toone, 2000).
There are three main groups of IEMs, but the third group is specific to the
lysosomal disorders with known defects in the synthesis or catabolism of
molecules in specific organelles (El-Hattab, 2015).
25

2.5.2 Lysosomal Storage Disorders (LSDs)
Currently, there are approximately 50 LSDs that have been identified (Bosch &
Kielian, 2015; Vitner, Platt, & Futerman, 2010). Lysosomes are extremely small
(300-500nm) membrane bound vesicles that serve as scavengers in the neurons.
They are formed from the Golgi apparatus and contain hydrolytic enzymes
(Cotman & Staropoli, 2012). Almost two-thirds of LSDs have neurological
involvement and the majority affect children (Boustany, Al-Shareef, & El-Haddad,
2013; Meikle & Hopwood, 2003). Increasingly, the role of lysosomal dysfunction
is being implicated in autophagy defects, protein misfolding, and aggregate
protein pathology associated with neurodegenerative changes (Menzies et al.,
2017). Potentially, there is a role for the cumulative body of research regarding
NCL and LSDs to inform neurodegeneration and dementia in adults (Cotman et
al., 2013; Cotman et al., 2015; C. Lee et al., 2017).
2.5.3 Heterogeneity of NCL
There are many hundred EIMs, but within this large group of metabolic diseases
are the smaller subset of LSDs including NCL. Presently, NCL incorporates 14
proposed diseases with 13 genotypes that have been identified (Mole & Cotman,
2015). Within and between each of these 13 different genotypes, are both
consistent and contrasting features regarding the age of onset, initial symptoms
at presentation, and the progression of each individual disease. NCL diseases
may be further distinguished by a later onset phenotype than is usually
recognised. In addition to the over four hundred genetic mutations and phenotype
heterogeneity (Mole & Cotman, 2015), other factors including residual enzyme
levels may impact the heterogeneity of CLN1 and CLN2 with a protracted onset
of these diseases (Kohan et al., 2009). Kousi et al. (2012) discussed presently
unidentified factors that impact and modify the progression of NCL phenotypes,
beyond the mutational combination. All these factors have been proposed as
contributory to a later onset and/or a slower than expected progression of NCL
disease, and potentially a longer life expectancy for some children and young
adults (Kousi et al., 2012; Lauronen et al., 1999).
Differences between homozygous and heterozygous mutations have been
identified, which are associated with a slightly different symptom onset of NCL
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diseases. An example is CLN3, where the first symptom in 80% of cases is
usually visual loss (Ostergaard, 2016; Ostergaard & Hertz, 1998). Different
mutations have been proposed as contributory to alternate symptoms at onset
(Aungaroon et al., 2016), whereas another study did not identify associations
between behavioural symptoms with genotype and phenotype of CLN3 (Adams
et al., 2013). In exceptional cases when visual loss was not the initial symptom
of CLN3, then behavioural symptoms tend to emerge at the onset of the disease
(Ostergaard, 2016).
2.5.4 Soluble enzyme deficiencies or transmembrane lysosomal defects
CLN1, CLN2 (Van Diggelen et al., 2001b) and CLN10 (Hersheson et al., 2014)
have a soluble lysosomal enzyme deficiency, and CLN13 encodes cathepsin F
(Magrinelli et al., 2017). In contrast, CLN3 disease has characteristic defects in
the transmembrane protein or battenin (Cotman & Staropoli, 2012). This feature
of CLN3 make it less amenable for consideration of treatments such as enzyme
replacement therapy. These distinctive features of individual NCL diseases can
negatively impact the elucidation of the pathophysiology and treatment
development (Wong, Rahim, Waddington, & Cooper, 2010). It also contributes to
a complex and variable presentation of individual disease types that potentially
impedes recognition and diagnosis of NCL.
2.5.5 Multiple eponyms and names of NCL
Historically, the alternate names and multiple eponyms for NCL are likely to have
contributed to a degree of confusion outside the research field. Perhaps the
multiple eponyms and variability of terms used to describe NCL, between and
within countries, have created some ambiguity regarding the disease. The
multiple eponyms for NCL, or variants based on the country of origin such as
“Finnish” or “Turkish”, have been discussed by Goebel (1995) and other
researchers (Nita, Mole, & Minassian, 2016). Limiting the use of the numerous
terms for NCL has been suggested by Williams and Mole (2012). In consultation
with key family support organisations, the authors proposed retaining the eponym
Batten disease as a term the public more readily recognise. The tendency to use
Batten disease outside European countries is favoured, whereas the preference
of researchers and family associations in Germany, the Netherlands, and other
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European countries is to use NCL (Åberg, Tiitinen, Autti, Kivisaari, & Santavuori,
2002; M. Hansen, Hove, Jensen, & Larsen, 2016; Stehr & Forkel, 2013). The
multiple alternate names for NCL are perhaps not conducive to increasing public
and non-specialist professional awareness of this rare disease. Potentially, it may
contribute to the erroneous merging of symptoms, presentation, and age of onset
between dissimilar NCL diseases such as CLN2 and CLN3.
2.5.6 Pathological features of NCL
NCL is characterised by destruction and selective loss in the cerebral, cerebellar,
and cortex neurons, and also in the retina (Carcel-Trullols, Kovacs, & Pearce,
2015). Each NCL disease has distinct types of autofluorescent storage material
(AFSM) rich in carbohydrate, lipids and protein in the lysosome (Goebel, 1994,
2000; Williams, Boyd, & Lake, 1999). In most instances, lipofuscins consist of
undigested material superfluous from the phagocytosis and autophagy processes
that accumulate as intracytoplasmic granules, depending on the pathological
disorder such as NCL (Haltia & Goebel, 2013). NCL is characterised by a
lipopigment typically found in conjunctiva, sweat glands and other tissues, which
can be detected by electron microscopy (EM) (Goebel, 2001).
Cell biology and biochemical studies have sought to demonstrate dysfunction in
lysosomal function and intracellular vesicle trafficking. It is increasingly evident
that neuroinflammation plays a causative role in the disease (Palmer, Barry,
Tyynela,

&

Cooper,

2013).

However,

it

remains

unclear

whether

neuroinflammation is a precursor or a response to neuronal damage in NCL
(Bosch & Kielian, 2015).
The original stance that AFSM was contributory to downstream NCL pathology
has mostly been disbanded (Palmer et al., 2013). Although the converse
possibility of AFSM as a protective feature has been explored, it is yet to be
confirmed (Cooper, 2010; Cooper, Tarczyluk, & Nelvagal, 2015). More recently,
cell biology and biochemical studies have sought to challenge causative
mechanisms by demonstrating dysfunction in lysosomal function and intracellular
vesicle trafficking (Bosch & Kielian, 2015; Cooper et al., 2015).
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CLN3 is involved in multiple cellular processes including regulating lysosomal
potential for Hydrogen (pH), endocytosis, autophagy, protein transport from the
Trans Golgi, and apoptosis (Carcel-Trullols et al., 2015). An increase in glial
activation that precedes neurodegenerative changes supports the role
inflammation may play in NCL, as well as other lysosomal diseases (Oswald et
al., 2005). This storage material can be composed of mitochondrial adenosine 5triphosphate (ATP) synthase subunit c, sphingolipids, and a lipofuscin type
material. It is lipofuscin that is responsible for the autofluorescent properties of
storage material (Palmer, Oswald, Westlake, & Kay, 2002; Williams et al., 2006).
2.5.7 Lipofuscin
Lipofuscin is also evident in ageing cells, further complicating a definition of the
role of AFSM, and lipofuscin is inversely correlated to species longevity (Brunk &
Terman, 2002; Kelly, Weiss, Rowell, & Seigel, 2009; Terman & Brunk, 1998).
Misidentification

of

ageing

lipofuscin

and

AFSM

in

adults

with

a

clinicopathological diagnosis of NCL was identified as the most common cause
for misdiagnosis of these adults (Berkovic et al., 2016). Although this is not as
significant a feature in children with lesser amounts of ageing lipofuscin, it is still
possible that imprecise pathological findings have been responsible for falsepositive diagnoses or missed diagnoses of NCL (Seehafer & Pearce, 2006;
Seehafer & Pearce, 2009).
2.5.8 Autofluorescence
Autofluorescence, or fluorescent bodies can be identified using light microscopy.
Mutations of the various NCL proteins lead to the accumulation of this storage
material in the lysosomes. The biochemical composition of this AFSM varies
according to each NCL disease. Autofluorescence is identified in multiple tissues
within the eye including the photoreceptor cell layer, retinal ganglion cells, and
the conjunctiva, but not the cornea (Dulz et al., 2016; M. Hansen et al., 2016;
Ouseph, Kleinman, & Wang, 2016).
2.5.9 Histopathology
Historically, the contribution of histopathology to the recognition and confirmation
of a clinical diagnosis of NCL cannot be underestimated. It remains a cornerstone
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to diagnosis in various countries, particularly where access to some types of
testing including enzyme or genetic testing may be more limited due to financial
and logistical restrictions (Jadav et al., 2014; Mohamed, 2012; Ren et al., 2016).
However, it is emphasised that some previous diagnoses may have been
incorrect, based on erroneous pathological findings and other reasons. In
addition to false-positive diagnoses of NCL when it was another disease
(Berkovic et al., 2016), there have been multiple cases when the false-negative
diagnoses have initially missed a NCL diagnosis, especially CLN3 in children
(Collins et al., 2006; Hagberg & Witt-Engerström, 1990; Spalton et al., 1980;
Vanhanen, Raininko, & Santavuori, 1994).
This is particularly evident in adult-onset cases of NCL, when retrospective
examinations of diagnosed NCL adult cases identified multiple misdiagnoses
(Berkovic et al., 1988; Berkovic et al., 2016). Potentially, the inclusion of any
misdiagnosed cases of childhood or adult-onset NCL could skew the predicted
characteristics of the early symptoms and ages of onset of specific NCL diseases.
Over past decades, techniques have progressed from brain biopsies, appendix,
rectal, conjunctival to skin biopsies that can histopathologically confirm NCL.
Sometimes an initial diagnosis of NCL can be missed due to the biopsy
technique, inappropriate site, or not acquiring adequate cells for analysis
(Goebel, 2000; Williams et al., 1999). Use of local anaesthetic cream with skin
biopsies may provide a false-positive result of lipofuscin-like pathology (Vallance,
Chaba, Clarke, & Taylor, 2004), however use of local anaesthetic, or otherwise,
was not specified or discussed in the literature. Presently, a confirmatory adult
diagnosis may still necessitate more invasive diagnostic methods warranting a
brain biopsy (Magrinelli et al., 2017). As biopsies are gradually phased out and
replaced by less intrusive and accurate genetic testing, there are still instances
when a confirmatory mutational analysis cannot be provided, or an enzymatic
assay is not appropriate such as CLN3 (Mole & Cotman, 2015; Simpson et al.,
2014).
CLN3 is the only NCL disease that typically displays vacuolated lymphocytes
(Schulz & Kohlschutter, 2013; Williams et al., 1999). Although only characteristic
30

of CLN3 (Williams et al., 2006), vacuolated lymphocytes are identified in some
other rare lysosomal or metabolic diseases such as acid maltase deficiency (G.
Anderson, Smith, Malone, & Sebire, 2005). Vacuolated lymphocytes are also
identified in some lysosomal diseases including - α-Mannosidosis (Wraith, 2002).
Similarly, NCL-type lipopigments and ultrastructural 'fingerprint' patterns have
been identified in other lysosomal diseases such as mucopolysaccharidosis
(Radke, Stenzel, & Goebel, 2015; Wisniewski et al., 1985). This contributes to
the perplexity of securing a rare disease diagnosis when histopathological signs
merge across different lysosomal disease groups. It is extremely significant that
the presence of vacuolated lymphocytes can be identified in children with CLN3,
even prior to the onset of symptoms (Kohlschütter & Schulz, 2009; Kristensen &
Lou, 1983). Figure 4 provides a graphic of vacuoles in a lymphocyte of a
peripheral blood sample of an individual with juvenile-onset CLN3 disease
(Schulz & Kohlschutter, 2013).

Figure 4: Vacuoles in lymphocyte cytoplasm of an individual with CLN3 disease
[© 2013 Iranian Journal of Child Neurology, authorised use of graphic
(http://creativecommons.org/licenses/by/3.0/)].
2.5.10 Ultrastructural inclusions
NCL is identified by the accumulation of lipid pigments in the lysosome using EM.
CLN1 disease is typified by massive accumulation of granular osmiophilic
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deposits (GROD), whereas CLN2 is categorised by curvilinear profiles (CLP)
found in lysosomal residual bodies (Jalanko & Braulke, 2009). CLN3 disease
reveals a distinctive pattern of inclusion bodies referred to as fingerprint profiles
(FPP) (Mole, Williams, & Goebel, 2011). Ultrastructural inclusions have traditionally
supported a clinical diagnosis of NCL (Simpson et al., 2014). However, there is limited
specificity as different inclusions can merge across different NCL diseases (Kousi et al.,
2012; Mole, Williams, & Goebel, 2005; Williams et al., 1999). Significantly, different
inclusions have been identified in the same individual when the biopsies have been taken
from alternate sites or blood specimen (G. Anderson, Smith, Brooke, Malone, & Sebire,
2006; Goebel, 2000; Williams et al., 1999).
2.5.11 Extra-neural pathology
The specific gene loci are now identifiable for the classic and variant NCL disease
types (Siintola et al., 2006b), with the present exception of CLN9 (Mole & Cotman,
2015). Although central nervous system (CNS) indicators are pivotal to NCL
symptomology, there is increasing evidence of more extensive pathology with
identified cardiac defects in teenage children with CLN3 and also renal pathology
(Surendran, Vitiello, & Pearce, 2014). It has been proposed that the storage
bodies accumulate beyond the neuronal system and are in fact found in most cell
types, rather than being specific to neurons (Palmer et al., 2013).
An autopsy of a 22-old-female with a clinicopathological diagnosis of juvenile
Ceroid-Lipofuscinosis (sic), isolated profound storage material including
vacuolated structures throughout the inner ear including the cochlear neurons
(Elleder, Voldřich, Ulehlova, Dimitt, & Armstrong, 1988). This single reference
identified extensive aural storage pathology on autopsy and suggested the need
for functional hearing testing due to the pathological impact on the cochlear. Yet
auditory symptoms are not usually associated with NCL, and hearing is preserved
even toward late stages of the disease (Williams et al., 2017). The concept of
selective neural vulnerability has been verified in animal models by multiple
researchers (Cooper et al., 2017; Mink, Augustine, Adams, Marshall, & Kwon,
2013; Oswald et al., 2005; Palmer, Jolly, van Mil, Tyynela, & Westlake, 1997).
Research continues to explore why the brain and other organs remain functional,
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regardless of the infiltration of storage material (Goebel, 2000; Mole et al., 2005;
Radke et al., 2015).
2.5.12 Summary of distinguishing features of NCL
NCL is a rare genetic lysosomal disease, included in the metabolic diseases.
There are distinctive histopathological and ultrastructural features that are
characteristic of NCL, between and within genotypes. Autofluorescence,
lipofuscin, and ultrastructural features such as GROD, CLP, and/or FPP
inclusions are usually identifiable, although not necessarily unique, to NCLaffected cells, tissues, and organs. For over two decades genetic testing has
been available for most NCL diseases, but a genetic diagnosis cannot be
confirmed in about 10% of cases. There has also been a trend away from
particularly intrusive biopsies (appendix, rectum, brain), progressing to less
invasive skin biopsies. There is a need for brain biopsies in certain instances,
but particularly for adult NCL diagnosis. Neural vulnerability has been
discussed, and that various mutations in the same gene may impact
presentation and progression of the disease. The differences and unifying early
features of NCL onset in childhood are discussed in the following section 2.6.
2.6 Early presentation of NCL
Identifying the earliest signs and symptoms of the individual NCL diseases is
challenged by isolating the specific onset phase of the disease. As an initial
diagnosis in a family is almost invariably delayed (Collins et al., 2006; Nickel et
al., 2016), the disease is already established by the time NCL is considered and
the diagnosis is ultimately confirmed. Fietz et al. (2016) discuss the exceptional
instances when the diagnosis of CLN2 is timely, and that is usually when the
disease has already been confirmed in another family member. Studies are
typically of a small cohort that describes children of various ages, with different
NCL diagnoses, and at diverse stages of the disease. The variability between
and within NCL diseases, and even amongst siblings (Di Fruscio et al., 2015),
compound the complexity of disentangling symptoms at the onset of the disease.
Figure 5 provides a graphic display of the factors relevant to the early
presentation of childhood-onset NCL diseases.
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Figure 5: Features of the early presentation of childhood-onset NCL diseases
2.6.1 Epidemiology: Incidence and prevalence of NCL
Possible missed diagnoses mean that the prevalence of NCL could be
underestimated (Palmer et al., 2013), or overestimated if incorrectly designated
as NCL. It is suggested there are children and adults with NCL where the correct
diagnosis has not yet been provided. In support of this possibility, retrospective
genetic examinations of NCL diagnoses have confirmed misdiagnoses and
missed diagnoses (Berkovic et al., 2016; Magrinelli et al., 2017; Zhong et al.,
2000). This is particularly true for adult-onset NCL disease. Pivotal studies by
Berkovic and colleagues identified multiple incorrect diagnoses that were
originally designated as NCL and overestimated numbers of original diagnoses
(Berkovic et al., 1988; Berkovic et al., 2016).
Conversely, there are recurrent examples of children ultimately confirmed with
NCL who were initially provided with an incorrect alternate diagnosis (Collins et
al., 2006; Henry & Stevens, 1982; Spalton et al., 1980). Fietz et al. (2016) provide
a long list of differential diagnoses for CLN2, including various epilepsy
syndromes such as Doose syndrome, progressive myoclonus epilepsies (PMEs)
associated with IEMs, and other LSDs.
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There are no publicly accessible figures of the current incidence or prevalence
figures of NCL in Australia or New Zealand. Based on confirmed diagnoses but
unpublished data, the authors estimate the combined Australian incidence of
CLN1 - CLN3 as 1:60,000 births during the years 1998 - 2003 (Meikle, Fietz, &
Hopwood, 2004). Worldwide, patient registry figures may be updated by
individual patient organisations, established international NCL patient registries,
or the NCL mutation database http://www.ucl.ac.uk/ncl (Mole & Cotman, 2015).
It is also possible that individual Australian or New Zealand families have opted
to participate in an established international patient registry, such as DEM-CHILD
(Schulz, 2013c).
2.6.2 NCL disease types
In addition to an extremely rare congenital NCL (CLN10), four main age groups
were traditionally referred to as the ‘classic subtypes’:
•

infantile NCL (INCL)

•

late-infantile NCL (LINCL)

•

juvenile NCL (JNCL)

•

adult NCL (ANCL) (Siintola et al., 2006b).

More recent differentiation and classification is specifically based on the genetic
mutations, namely the affected gene CLN1/PPT1, CLN2/TPP1, CLN3 or other
variants such as CLN5 and CLN6 (Adams et al., 2013; Mole & Cotman, 2015).
Presently, fourteen NCL diseases have been designated, with thirteen genotypes
identified although CLN9 has not yet been isolated (Mole & Cotman, 2015).
Throughout this thesis, each disease type will generally be referred to by their
designation, for example CLN1. The traditional pre-genetic designation based on
the age of onset such as the ‘late-infantile subtype’, will not be generally used.
However, at times pre-genetic diagnoses may be ambiguous and will be referred
to as they were specified in the original text such as late-infantile (sic). Some
phenotypes have a later age of onset than anticipated. Delayed phenotypes
further prolong consideration of NCL in the differential diagnosis, which should
be the first diagnostic step after recognising the onset of symptoms (Puga,
Jardim, Chimelli, De Souza, & Clivati, 2000). Table 4 provides a summary of the
14 NCL disease types, excluding CLN9, and the alternate delayed phenotypes.
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Table 4: Genetic spectrum and new nomenclature of NCL diseases
NCL diseases

Gene

References

CLN1, infantile
CLN1, late-infantile
CLN1, juvenile
CLN1, adult

CLN1/
PPT1

CLN2, late-infantile
CLN2, juvenile
CLN2, protracted
CLN3, juvenile
CLN3, delayed classic
CLN3, protracted
CLN3, non-syndromic
CLN4, adult
(AD inheritance)
CLN5, late-infantile
CLN5, juvenile
CLN5, adult
CLN6, late-infantile
CLN6, teen onset
CLN6, adult
(Kuf’s type A)
CLN7, late-infantile

CLN2/
TPP1

(Santavuori, Vanhanen, & Autti, 2001)
(Kohan et al., 2009)
(Kalviainen et al., 2007)
(Perez Poyato et al., 2012)
(Ramadan et al., 2007; Van Diggelen et al.,
2001)
(Nickel et al., 2018)
(Steinfeld et al., 2002)
(Sleat et al., 1999)
(Adams et al., 2013)
(Lauronen et al., 1999)
(Sarpong et al., 2009)
(Ku et al., 2017)
(Magrinelli et al., 2017; Velinov et al., 2012)

CLN8, late-infantile
CLN8, EPMR

CLN3

CLN4/
DNAJC5
CLN5
CLN6

CLN7/
MFSD8
CLN8

CLN9

Not identified

CLN10, congenital
CLN10, late-infantile
CLN10, juvenile
CLN10, protracted
CLN11, adult
CLN12, juvenile
CLN13, adult
(Kuf’s type B)
CLN14, infantile

CLN10/CTSD

CLN11/GRN
CLN12/ATP13A2
CLN13/CTSF
CLN14/KCTD7

(Holmberg et al., 2000)
(Simonati et al., 2017)
(Cannelli et al., 2007)
(Canafoglia et al., 2015)
(Andrade et al., 2012)
(Arsov et al., 2011)
(Kousi et al., 2012)
(Cannelli et al., 2006)
(Beesley et al., 2017; Hirvasniemi, Herrala, &
Leisti, 1995; Ranta et al., 1999)
(Schulz et al., 2004)
(El Haddad et al., 2012)
(Siintola et al., 2006a)
(Doccini et al., 2016)
(Hersheson et al., 2014)
(Steinfeld et al., 2006)
(Smith et al., 2012)
(Behrens et al., 2010; Bras et al., 2012)
(Di Fabio et al., 2014)
(Smith et al., 2013)
(Staropoli et al., 2012)

AD-Autosomal dominant; EPMR-epilepsy progressive with mental retardation; MFSD-major facilitator superfamily
domain-containing protein 8.

Adapted from Schulz, Kohlschutter, Mink, Simonati, and Williams (2013a).
2.6.3 Background: Normal developmental milestones

A distinctive feature of NCL is the near absence of any early developmental delay
during early childhood (Augestad & Flanders, 2006; Schulz & Kohlschutter,
2013). All milestones are usually achieved, with the possible exception of speech
delay or regression for children with CLN2 (Nickel et al., 2016; Nickel et al., 2015)
or CLN5 (Simonati et al., 2017). Excluding a congenital-onset of CLN10 (Schulz
et al., 2013a), babies are typically born healthy and have normal early
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development. With the exception of babies with CLN1 and an onset of symptoms
from the first six months of life (Perez Poyato et al., 2012; Santavuori, Raininko,
Vanhanen, Launes, & Sainio, 1992), children with CLN2 progress through their
early milestones until two years of age, or older, when they may become
symptomatic (Nickel et al., 2018; Pérez-Poyato et al., 2012b). Children diagnosed
with CLN3 tend to have a later onset of symptoms around five years of age, and
also do not usually have a history of delayed early childhood development
(Adams et al., 2013; Kuper et al., 2018; Ostergaard, 2016).
2.6.4 Lack of clinically evident pathognomonic features
Some other LSDs have distinctive facial features contributing to the recognition
and diagnosis of a specific disease. A pathognomonic feature refers to signs,
symptoms, or investigation results indicative or characteristic of a specific
condition

or

disease

that

may

possibly

facilitate

diagnosis

(https://en.wikipedia.org/wiki/Pathognomonic). These include pathology or
distinctive investigative findings associated with a particular disease. Recognition
of this feature may result in earlier consideration, identification, and possible
diagnosis of a disease (Wilcox, 2004). For example, coarsening of facial features
is usually identified across all types of mucopolysaccharidosis (MPS). This facial
sign and hepatomegaly were consistently found in all MPS disease types
(Mitchell et al., 2018). Similarly, children with Gaucher disease (GD II) may
present with unusual facies and other symptoms including an enlarged liver,
spleen, and hernias (Wraith, 2011).
In contrast to other LSDs (Kingma et al., 2015), facial dysmorphia or
organomegaly in the initial stages of any childhood or adult-onset NCL disease
types was not identified in the literature. A lack of any subtle or obvious changes
in the child's face or expression, unfortunately, hampers connecting a distinctive
facial feature with early NCL. Secondary microcephaly develops after six months
of age in infants with CLN1 (Santavuori et al., 2001; Williams et al., 2006).
Another exception would be congenital CLN10 cases where facial deformities
and primary microcephaly are evident at birth (Siintola et al., 2006a).
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2.6.5 Early childhood
The earliest onset NCL disease is the congenital phenotype of CLN10 (Siintola
et al., 2006a), followed by the infantile phenotype of CLN1 with an onset during
infancy between six and eighteen months of age (Hofmann, Das, Lu, Wisniewski,
& Gupta, 2001). CLN2 tends to present between three and four years of age
(Simonati et al., 2009b), or earlier, but was identified just before three years of
age (mean age 35 months) in a study by Nickel et al. (2016). Of significance, is
that at least 70% of children in a cohort of 517 children with the classic CLN1 CLN3 diseases had an onset during the early childhood phase between two to
five years of age (Ju et al., 2006). Towards the upper end of this age spectrum,
children with CLN3 or rarer variants such as CLN5 or CLN6 had an onset at five
years of age or older during the middle childhood years. While acknowledging the
broad continuum of NCL onset, it is this particular interval during infancy to early,
middle, and late childhood development that is the focus of this research.
2.6.6 Disease features: Early signs and symptoms of NCL
Childhood-onset NCL disease tends to impact the visual system, yet this feature
is not usually identified in adult-onset NCL (Magrinelli et al., 2017; Schulz et al.,
2013a). Seizures and motor deterioration are generally the initial symptoms of
younger children with CLN1 and CLN2 (Cooper et al., 2015). Visual loss preceding
blindness is a more common initial symptom in CLN3, but not adults (Schulz et
al., 2013a). Neurological deterioration, with evolving dementia, is more evident in
early CLN3 and adult-onset NCL (Schulz & Kohlschutter, 2013), than other NCL
disease types. Adult-onset NCL diseases are generally classified as Type A with
early seizures, or Type B with an onset of dementia (Berkovic et al., 2016;
Magrinelli et al., 2017). A study seeking to determine whether any distinctive
facial or body characteristics are evident in children during the early phase of
NCL was not sourced.
Neurobehavioural symptoms in a few instances may precede or be aligned with
physical indicators of CLN3 disease such as vision loss, motor impairment, or
later seizures. For example, Adams et al. (2007) noted visual loss was usually
the first symptom identified in children with CLN3 in two study cohorts. A small
number of parents retrospectively reported other first symptoms including
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seizures or cognitive loss. Kuper et al. (2018) has also provided support that
subtle cognitive decline has an earlier onset in these children than previously
identified. Although visual loss is commonly referred to as the initial symptom of
CLN3 (Bohra et al., 2000; Bozorg, Ramirez-Montealegre, Chung, & Pearce,
2009), there is increasing support of early neurobehavioural symptoms at or soon
after disease onset (Adams et al., 2013; Kuper et al., 2018). Kuper et al. (2020a)
caution of the need to undertake visual electrophysiology studies for children with
CLN3 disease in specialist units in consideration of possible early cognitive and
behavioural changes.
2.6.7 Ages of onset
Although the symptomology at disease onset is only subtly distinguishable
between childhood-onset NCL diseases, there are similarities between and within
each specific NCL disease (Adams et al., 2013). Except for the extremely rare
congenital phenotype of CLN10, symptoms of the first two youngest onset NCL
diseases are usually identified in infancy and early childhood (Santavuori et al.,
2001). These two NCL diseases, namely early phenotypes of CLN1 or CLN2, are
generally the most aggressive in terms of the short interval from diagnosis to
death. They are typified by more prominent neuro-inflammatory responses
(Dolisca et al., 2013). Although CLN3 is alternatively referred to as juvenile NCL or other
names (Kuper et al., 2018), it implies an onset during adolescence. Although CLN3
disease progresses through the teens, CLN3 usually evolves during middle childhood
and this should be, or later, the cautionary period of onset in these children.
It is emphasised that most NCL disease types may have a later onset phenotype
than is usually recognised (Mole, 2006a; Mole & Cotman, 2015). An example
would be CLN10 which is characterised by a congenital onset (Siintola et al.,
2006a), however late-infantile, juvenile or older phenotypes have been identified
with this NCL disease (Doccini et al., 2016; Hersheson et al., 2014). Conversely,
there are exceptional cases with particular mutations when the onset of CLN2
disease was much earlier than is currently recognised (Simonati et al., 2000).
Factors such as greater awareness of NCL, diagnostic resources, and
technological advances potentially can improve identification and diagnosis of the
disease. Features that obscure recognition of NCL and negatively impact or delay
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diagnosis will be discussed. Table 5 summarises the earliest expected ages of
onset of the classic or variant childhood and adult-onset NCL diseases, with the
exception of CNL9.
Table 5: Earliest onset age of classic and variant CLN1 - CLN14 diseases
CLN1 CLN14

Congenital
≥ Pre-natal

Infantile
≥ 6 - 18 mth

Late-infantile
≥ 2 - 4 yr

CLN1

_

CLN2

_

Infantile,
or older
_

CLN3

_

_

later
phenotypes
Late-infantile, or
older
_

CLN4

_

_

_

CLN5

_

_

CLN6

_

_

CLN7

_

_

CLN8

Congenital
phenotype*
_

_

Juvenile
≥ 4 -7 yr

Adult
≥ 30 yr

References

later
phenotypes
later
phenotypes
Juvenile, or
older
_

Adult
phenotype
_

(Santavuori et al.,
2001)
(Nickel et al., 2016)

_

(Adams et al., 2013)

Adult

(Berkovic et al., 2016)

_

(Simonati et al., 2017)

_

Adult
phenotype
Adult
phenotype
_

_

_

_

Late-infantile, or
older
Late-infantile, or
older
Late-infantile, or
older
Late-infantile,
or older
_

_

_

(Beesley et al., 2017)
(Pesaola et al., 2019)*
_

_

_

_

_

(Siintola et al., 2006a)

CLN11

Birth*, or
older
_

_

_

_

Adult

(Smith et al., 2012)

CLN12

_

_

_

Juvenile

_

(Bras et al., 2012)

CLN13

_

_

_

_

Adult

(Di Fabio et al., 2014)

CLN14

_

Infantile

_

_

_

(Staropoli et al., 2012)

CLN9**
CLN10

_

(Canafoglia et al.,
2015)
(Aiello et al., 2009)

Earliest phenotype in bold; *congenital phenotype CLN; **CLN9 genotype not identified

2.6.8 Dementia in childhood
Potentially, identifying the rare onset of NCL in childhood may hold clues to
evolving dementia in children. An emerging symptomatic phase before the onset
of overt motor symptoms in Parkinson’s disease is increasingly being identified
in adults (Postuma, Gagnon, & Montplaisir, 2010). It is feasible that this feature
of a subtle symptomatic phase prior to the onset of tangible features of NCL such
as seizures and motor dysfunction may also be replicated in NCL.
2.6.9 Clinical heterogeneity of siblings
It is not uncommon for affected children in the one family to have a modified course
of NCL (Di Fruscio et al., 2015). The heterogeneity between and within NCL
diseases can result in a different initial presentation and natural history course of
the disease in each individual (Mink et al., 2013). There is some conflicting evidence
of whether females demonstrate a later onset but a more precipitous course of
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CLN3, than males (Adams et al., 2012; Backman, Santavuori, Aberg, & Aronen,
2005; Cialone et al., 2011). Further natural history studies and exploration of the
different ages of onset and life expectancy of siblings with CLN3 is warranted
(Adams et al., 2013; Augustine et al., 2013). Currently, there is a natural history
study of children with CLN3 being undertaken in the US (Mink, 2018).
2.6.10 Gender differences
Åberg et al. (2002) reported some female siblings diagnosed with CLN3 tend to
have a shorter life expectancy than an affected male sibling. Sex hormonal
differences have been proposed as contributory to a later onset but a more
aggressive course of CLN3 for females. The impact of hyperandrogenism on a
European cohort of 16 girls was identified as a possible factor in the gender
differences. Polycystic ovaries, earlier menarche, and signs of anovulation were
significantly different than in the control group of this study. Anti-seizure
medications and obesity were considered to impact neurodegenerative
differences between boys and girls with a juvenile-onset NCL (sic) (Åberg et al.,
2002). Cialone et al. (2011) refer to earlier studies examining the role of
testosterone, oestrogen, and muscle mass variances as possible contributory
factors explaining gender differences between teens with CLN3.
2.6.11 Additional considerations: Early-onset dementia in adults
Adult-onset genotypes and phenotypes account for only 10% of NCL cases
(Magrinelli et al., 2017). Research into the confirmed genetic links between
CLN11 and fronto-temporal lobe degeneration (FTLD) (Smith et al., 2012), may
further our understanding of more common dementias affecting adults,
particularly young-onset adult dementia. FTLD has been determined to be the
second most common young-onset dementia in adults under the age of 65 years
(Rabinovici & Miller, 2010).
This is an example of the rare disease NCL being well placed to impact the
recognition, and perhaps diagnosis, of FTLD in young-adults in the future. There
is much to learn about the onset of young onset dementia in adults, but a
metabolic or autoimmune cause is the primary initial candidate in the differential
diagnosis (Quach et al., 2014). Rogers and Lippa (2012) caution the four main
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genetic causes of adult-onset dementia before age 65 years are early-onset
inheritable AD, FTLD, Kuf's disease (or CLN4), and another LSD - Niemann-Pick
disease Type C. It is notable that an adult-specific NCL genotype and another
LSD are central differential diagnoses in young adult-onset dementia.
2.6.12 Cardiac pathology
Cardiac pathology has been identified as a late symptom in teenagers or young
adults with CLN3 (Hofman, Van Der Wal, Dingemans, & Becker, 2001; Ojo et al.,
2017; Østergaard, Rasmussen, & Mølgaard, 2011). The significance of this
finding cannot be disregarded with disease-modifying treatments under
development for CLN3 and other NCL diseases (Cooper, 2008; Mole, 2014;
Williams et al., 2017). Studies with animal models have explored the concept of
halting neurodegeneration with gene therapy, but cardiac abnormalities emerge
with extended life expectancies. The impact of extraneural pathology is presented
in this animal study. The authors propose the need for systemic, in addition to
intracerebroventricular (ICV) treatment (Katz et al., 2017). This has also been
considered by other researchers including Cooper (2008); (Cooper et al., 2018).
If cardiac pathology is identified late in CLN3, there is a need to consider whether
early cardiac signs and symptoms are present in children with other NCL disease
types and a more aggressive progression of the disease. Potentially, CLN1 and
CLN2 with usually a younger onset phenotype and more limited life expectancy
may exhibit early cardiac dysfunction. In a case-control study, eight children with
mutations in the CLN1/PPT1 gene undergoing repeated general anaesthetics for
initial diagnostic procedures such as Magnetic Resonance Imaging (MRI),
electroretinograms (ERG), and spectroscopy, were compared with a control
group of 25 children. In addition to impaired thermoregulation, there was evidence
of bradycardia in the children with infantile NCL (sic) - CLN1, even prior to a
confirmed diagnosis (Miao et al., 2009).
2.6.13 Late symptoms associated with a delayed diagnosis of CLN3
Although it may seem unnecessary, two later symptoms of CLN3 have been
included in this exploration of the early onset and diagnosis of this specific
disease. CLN3 has a slightly later onset in the five to six-year age group,
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sometimes older (Adams et al., 2013; Cialone et al., 2011). Of all the classic NCL
diseases, children with CLN3 are particularly prone to a longer diagnostic lag than
CLN1 and CLN2 with an onset in early childhood. Slower progression of more
subtle symptoms at onset may be contributory to a delayed diagnosis of children
with CLN3. Diagnostic delays of up to three or more years are not uncommon for
children with CLN3 (Collins et al., 2006; Dulz et al., 2016; Spalton et al., 1980).
Taratuto et al. (1995) reported a mean age of seven years at onset in a cohort of
six children with juvenile Spielmeyer Vogt or juvenile NCL (sic), but a mean age
of thirteen years when diagnosed (a range of nine to eighteen years). If CLN3 is
not recognised during the early onset of the disease, then later symptoms will be
established by the time a differential diagnosis of NCL is being considered. For
these reasons, these two later symptoms of CLN3 are also included in this review.
2.6.14 Late visual symptoms in CLN3
‘Overlooking’ refers to a child's vision missing the target and has been recognised
in some children's gaze with established juvenile NCL (sic) (Collins et al., 2006;
Henry & Stevens, 1982; Spalton et al., 1980). In addition to the distinctive feature
of the eyes in 'overlooking', Henry and Stevens (1982) refer to a projected chin
position of a child with visual impairment. There are distinctive features of visual
loss behaviours in children that may alert a caregiver to visual deterioration in a
child. This may include unusual head positioning of the child, closer proximity to
objects such as a television, or looking out of the corners of eyes. Children cannot
usually verbalise their increasing visual deterioration and tend to compensate
with positioning their eyes or body posture (Zeman & Dyken, 1969).
Children with CLN3 disease experience a macular degeneration-like pattern of
bilateral vision loss, with initial loss of central vision (Dulz et al., 2016; Preising,
Abura, Jäger, Wassill, & Lorenz, 2017; Wright et al., 2020). These physiological
changes explain why children position their heads and bodies in a certain way in
relation to the target stimulus. It may also help explain why children place
themselves closer to stimuli, because cones afford greater visual acuity than do
rods. In addition, because of the predominance of cones in the central fovea of
the eye, colour vision becomes impaired (Tatour & Ben-Yosef, 2020). Central
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vision is the first to be impacted, followed by peripheral vision (Weleber, 1998).
These features of CLN3 visual loss are well documented throughout the literature
including impaired colour vision and/or difficulty adapting or seeing in a dimly lit
environment (nyctalopia) (Bhatti, 2006; Collins et al., 2006; Krohne, Herrmann,
Kopitz, Ruther, & Holz, 2010; Ouseph et al., 2016; Spalton et al., 1980; Weleber,
1998).
2.6.15 Psychiatric symptoms in CLN3
If a child's diagnosis is protracted, psychological symptoms may become
increasingly apparent, and prompt medical review. Historical cases of delayed
diagnoses of children with CLN3 were ultimately identified after initial psychiatric
review. There are unfortunate instances where children have been deemed
psychiatric cases of hysteria with a 'non-organic' cause (Collins et al., 2006;
Philippart et al., 1994). It was only the late onset of seizures that prompted further
medical investigation and instigated the diagnosis of NCL being considered
(Henry & Stevens, 1982; Spalton et al., 1980).
2.6.16 Summary of early presentation of NCL onset in children and adults
Childhood-onset NCL disease
The most common presenting early symptoms of childhood-onset NCL are:
•

Developmental slowing and/or standstill - CLN1 (Perez Poyato et al., 2012)

•

Epilepsy and motor deterioration - CLN1 (Zhong et al., 2000) and CLN2
(Cooper et al., 2015). Electrophysiology - CLN2 (Specchio et al., 2017)

•

Ultrastructural pathological signs: see section 2.5.10

•

Regression: neurological, with evolving dementia (at onset of some adult
NCL diseases) (Schulz & Kohlschutter, 2013)

•

Loss of motor skills - CLN1 (Mole et al., 2005), and CLN5 (Simonati et al.,
2017)

•

Concurrent cognitive loss and neurobehavioural symptoms - CLN3 (Kuper
et al., 2018)

•

Ophthalmic: visual loss preceding blindness - CLN3 (Schulz et al., 2013a).

•

New onset ataxia - CLN5 (Pérez-Poyato et al., 2012b), ataxia prior to
seizures - CLN2 (Fietz et al., 2016)
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2.6.16 (continued) Summary of the early presentation of NCL onset
•

Speech delay and/or regression - CLN2 (Fietz et al., 2016; Nickel et al.,
2015) and CLN5 (Simonati et al., 2017)

Adult-onset NCL
The two most common presenting symptoms in adult-onset NCL disease:
•

either seizures (Type A) - CLN6 (Canafoglia et al., 2015)

or dementia (Type B) - CLN13 (Berkovic et al., 2016; Magrinelli et al., 2017).
A distinguishing feature of NCL onset in early childhood is a child almost
invariably reached usual developmental milestones. An exception would be a
congenital-onset phenotype of CLN10 or an infantile-onset phenotype of CLN1.
Speech delays or regression may be the exception that are identified,
sometimes only retrospectively, in young children with CLN2. Facial
dysmorphia and/or organomegaly are not usually apparent in early NCL.
Increasingly, earlier symptoms are identified than those currently recognised
for each NCL disease type. Precursor symptoms may precede what is reported
in the literature. The primary aim of clinical trials is to halt the
neurodegeneration evident in these children. Presently, the overriding
evidence in animal studies and the treatment of LSDs in humans is that
neurodegeneration cannot be reversed (Waddington et al., 2005; R. Wang,
Bodamer, Watson, & Wilcox, 2011). It is important that an early diagnosis is
secured for multiple reasons, but particularly to institute a disease-modifying
treatment, if one is available. Exploring the natural history of the onset and
progression of individual NCL diseases can provide valuable endpoints and
surrogate biomarkers to evaluate treatments (Simpson et al., 2014). With lifeextending treatments for some NCL diseases under development, concurrent
symptoms involving other organs such as cardiac conduction abnormalities
and other extraneural pathology must be considered.
2.7 Diagnostic path of NCL
The path to NCL diagnosis has several recurrent features. The predominant
experience for both children (and adults) is a delayed diagnosis. During this
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extended interval, incomplete diagnoses, missed diagnoses, and even multiple
misdiagnoses are experienced by families. There are several differential
diagnoses identified in the literature most often associated with certain NCL
diseases. Along this diagnostic path, some educators have interactions with
these children as early symptoms of visual loss emerge that are consistently
associated with a particular NCL disease such as CLN3. In addition to general
practitioners (GP), there are specific health professionals who are assessing
these children in the early stages of the disease. Evidence of the circumstances
that preceded any diagnostic delays or a facilitated diagnosis of NCL were limited
in the research. References to the diagnostic experiences of families or how the
diagnosis of NCL was conveyed to parents were negligible in the literature
(Malcolm et al., 2012; VanderVeen, 2020).
2.7.1 Disease onset, diagnosis, and treatment of NCL
The three components summarised in Figure 6 are discussed in sections 2.8 2.10. Historical and current NCL research contributes to three broad themes of
the disease onset, diagnosis, and evolving treatments for NCL. Although different
aspects of NCL research potentially impacts NCL diagnosis and the transition
towards treatment, the focus of this literature review was particularly directed at
the first component: the emergence of signs and symptoms and identifying the
early phase of disease onset before the diagnosis of NCL in children. It is
acknowledged that some of the factors discussed in a particular category merge
across others. For example, basic science research such as biomarker
development has the potential to impact the identification of disease onset,
confirmatory diagnosis, and assessment of a treatment for a NCL disease type.
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Disease onset

Diagnosis

Treatment

• childhood natural history NCL studies
• parents' search for answers of new signs and symptoms
• educators' role prior to diagnosis
• potential prodromal phase of NCL
• symptomology: speech delay, ataxia, other symptoms
• health professionals: speech pathologist, ophthalmologist, psychiatrist
• early childhood screening
• increased awareness of NCL

• cell model and animal studies
• biomarkers and development
• nomenclature of NCL
• genetic links with adult neurodegenerative diseases
• diagnostic testing
• family history, consanguinity
• genetic counselling: pre-natal, sibling, pre-symptomatic, carrier testing
• family experiences and consequences of a delayed diagnosis
• differential diagnoses of NCL
• improved diagnostics of NCL: enzyme and genetic testing

• pre-clinical and clinical trials
• emerging therapeutic treatments
• approved disease-modifying treatment for CLN2 disease
• role of supportive and palliative care

Figure 6: Factors impacting the disease onset, diagnosis, and treatment of NCL
2.8 Disease onset of NCL in childhood
2.8.1 Childhood natural history NCL studies
The insight that natural history studies provide of each individual NCL childhoodonset disease, or a later phenotype, is pivotal to this study. These studies have
informed and guided the direction of this research and thesis. Many of the studies
selected for this literature review are historical, traverse across multiple NCL
disease types, and were predominantly retrospective. It is also possible that some
diagnoses were incorrectly based on inaccurate histopathology results at the
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time. However, what they provide is an accurate portrayal of the onset and
progression of the different NCL diseases during childhood.
The interval between the onset of signs and symptoms before NCL diagnosis is
the focus of this literature review. Natural history studies in the past two decades
are usually supported by genetic diagnoses, and the trend is towards prospective
natural history studies (Augustine et al., 2015; Masten et al., 2020a; Nickel et al.,
2018). Due to the relatively small populations of NCL-affected children who
present at different stages of the disease, this is a considerable achievement.
In addition to natural history clinical trials currently being undertaken
[clinicaltrials.gov (NCT01873924)], some of the most extensive recent natural
histories of children with CLN2 are provided by Nickel et al. (2018), or of children
with CLN3 by Adams et al. (2013). It is during the evaluation of a treatment such
as the ERT for children with CLN2 (Schulz, Ajayi, et al., 2018), that the
significance of prospective natural history studies for this specific NCL disease
becomes more apparent. Comparative controls were available to provide
baseline and demonstrate progressive loss of function in Motor-Language (M-L
scale) domains, of untreated children with CLN2 disease.
This modified M-L scale is based on both the Hamburg and the Weill Cornell
scales (Wyrwich et al., 2018). The Hamburg scale was initially designed to
quantify four items including walking (motor), visual function, language, and
epilepsy in children with late infantile neuronal ceroid lipofuscinosis (LINCL) (sic)
and confirmed CLN2 mutations (Steinfeld et al., 2002). The Weill Cornell scale
was also developed to quantify loss in four similar items, assessing
feeding/swallowing instead of visual function in LINCL (sic) with CLN2 mutations
(Worgall et al., 2007). Natural history studies of CLN2 disease by Nickel et al.
(2016); Nickel et al. (2018) were used to support the submission to the
Pharmaceutical Benefits Advisory Committee (PBAC) in recent years
(https://www.pbs.gov.au/pbs/industry/listing/elements/pbac-meetings/psd/pbacpsds-july-2018-meeting). This ultimately led to the approval and full subsidy of
Cerliponase alfa or Brineura® through the Life-Saving Drugs Program for
Australian children diagnosed with CLN2 disease.
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2.8.2 Parents' search for answers of new signs and symptoms
Research describes the impact of internet explorations in the past decade by
parents in the search for answers to their child’s symptoms of other rare diseases
(Bouwman, Teunissen, Wijburg, & Linthorst, 2010; Tozzi et al., 2013). Similarly, adults are
increasingly utilising internet resources to identify potential diagnoses of their own or their
child's long-standing symptoms. A case-study describes a patient's use of search
engines to prompt medical consideration and investigation of another rare
condition, Ehlers-Danlos syndrome, hypermobility type (EDS-HT). This
eventually resulted in her diagnosis of this specific rare disease after a delay of
many years (Dudding-Byth, 2015). Crowdsourcing is another method some
people are using to secure an obscure and challenging diagnosis, particularly for
rarer medical conditions (www.crowdmed.com).
2.8.3 Educators’ role prior to diagnosis
Although anecdotal, primary school educators including kindergarten teachers
have been identified as instrumental in recognising signs of emerging visual loss
in their young students who have been ultimately diagnosed with CLN3
(http://sosdoctors.com.au/shining-the-spotlight-on-batten-disease/). The many
examples of protracted historical (Collins et al., 2006; Henry & Stevens, 1982;
Spalton et al., 1980), and even recent, delayed diagnoses of NCL (Wright et al.,
2020), provide some capacity to explore the role played by educators in
identifying and reporting signs of early visual loss in their young students.
2.8.4 A potential prodromal phase in early NCL
A prodromal phase refers to an interval of subtle signs or symptoms identifiable
before the classic features’ characteristic of a disease. An example is symptoms
affecting olfaction - loss of smell, Rapid Eye Movement (REM) sleep
disturbances, and depression that may be precursor symptoms before the more
obvious motor symptoms usually identified with a PD diagnosis (Postuma,
Aarsland, et al., 2012). Isolating this prodromal or pre-clinical stage in
neurodegenerative diseases such as PD may result in an earlier diagnosis, and
the option to initiate earlier treatment, if one is available (Sharma et al., 2013).
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Potentially, identifying a prodromal phase in childhood-onset NCL may contribute
to an earlier diagnosis of this rare disease. There are several references that
support the insidious onset of symptoms in NCL, which are not documented in
the natural history of the juvenile subtype (sic) (Pampiglione & Harden, 1977;
Spalton et al., 1980) or alternatively referred to as juvenile NCL (sic) (Adams et
al., 2007). Of all the NCL diseases, an examination of CLN3 is most likely to
isolate previously undocumented symptoms. For example, researchers have
examined whether motor loss is evident earlier than is currently identified in CLN3
disease (Kuper et al., 2019).
In the second of two studies of juvenile NCL (sic) by Adams et al. (2007), parents
retrospectively identified decreased cognitive function as the first symptom in four
children in a cohort of 18 children, whereas visual loss was the first symptom for
13 children (one unspecified). The authors discuss that neurobehavioural
symptoms may sometimes emerge before physical indicators of CLN3 such as
visual loss. The authors also cite a study by F. Marshall et al. (2005) with cognitive
or behavioural problems retrospectively reported as the first symptom in 19% of
the cohort with juvenile NCL (JNCL) (sic). A study by Kuper et al. (2018),
measured neurological deficits in children before overt symptoms and a
confirmed diagnosis of CLN3. The evolution of CLN3 could be more protracted
than previously considered, and there may be other signs or symptoms that are
identifiable before the visual symptoms currently recognised at the onset of this
NCL disease.
2.8.5 Symptomology: Speech delay
During comparisons of emerging symptoms in a child with their older siblings,
parents may retrospectively identify speech delays or regression as the first
symptom in a child with CLN2 (Mole et al., 2005). It is these early signs, such as
speech delay or regression, which are more subtle, but are being identified
increasingly earlier (Nickel et al., 2015; Pérez-Poyato et al., 2012b; Williams et
al., 1999). This is prior to seizures that are generally reported as one of the first
symptoms heralding CLN2 (Kohan et al., 2009). Nickel et al. (2015) caution that
a history of speech delay or regression should be a red flag for the consideration
of CLN2, even before the onset of seizures.
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2.8.6 Ataxia
The symptom of ataxia is sometimes evident before the onset of seizures in CLN2
(Fietz et al., 2016). In a small cohort of six children with CLN1, Perez Poyato et
al. (2012) identified ataxia as the first symptom when the onset was older than 12
months of age. Baby photographs can provide support of neurological stalling or
regression during early childhood years, to present for medical review (Wilson,
1972a). More recently, Williams et al. (2017) suggests parents take photographs
or preferably film of their child or children's walking or other intermittent signs for
further medical investigation.
2.8.7 Other pre-diagnostic symptoms of children
Subtle signs of reduced auditory memory-span were detected in supposedly presymptomatic but younger siblings (aged four and five years) of affected children,
who were later confirmed with juvenile NCL (sic) (Kristensen & Lou, 1983). This
aspect of pre-diagnostic symptomology has not been explored in detail (Adams
et al., 2007), and perhaps the previous study by Kristensen and Lou (1983) is
one of the few to report such findings. Pre-symptomatic genetic testing may
provide the only opportunity to identify subtle, if any, early symptoms in younger
siblings who were later confirmed to have a NCL diagnosis. These precursor
symptoms may provide more of a window to view the earliest onset of symptoms
in young children with CLN3, than the symptoms currently identified.
Theoretically, this finding of subtle findings in younger pre-symptomatic siblings
with any NCL disease in childhood could provide valuable insight to this initial
stage of phenoconversion of the disease.
Recently, Kuper et al. (2018) have identified that cognitive deterioration in
literature-derived patient descriptions and a referral centre cohort of children with
CLN3, is earlier than previously recognised. The focus on visual loss as the first
and primary symptom of CLN3 may also be accompanied by more subtle
cognitive loss. The study included a control group of children with another disease
and visual loss but no demonstrable cognitive loss. The authors propose that
cognitive loss is evident earlier than is currently identified in children with CLN3.
They also suggest that cognitive loss at school could be an identifiable early
51

symptom heralding the onset of CLN3 in children. The challenge, as in adultonset dementia, is to identify those individuals before diagnosis who are showing
early signs of cognitive loss.
It is increasingly apparent that cognitive dysfunction or other symptoms in adults
evolves over a much longer period than is currently recognised (Postuma,
Aarsland, et al., 2012; Quach et al., 2014). This could also be the case in children
with slowly evolving dementia and may contribute to a delayed diagnosis. This
finding is supported by an Australian study of childhood-onset dementia
completed in 1995, which included several children with Batten disease (sic). The
authors identified almost half a sub-sample of 74 children who were diagnosed
within six months after the onset of symptoms. The remaining half of the cohort
were diagnosed longer than six months, and some of these diagnoses were
delayed by several years (Nunn, Williams, & Ouvrier, 2002).
A delayed diagnosis of an average of 21 months or more for CLN2 disease has
been identified (Murko et al., 2016; Nickel et al., 2016). Unfortunately, diagnosis
of CLN3 is usually even more protracted (Collins et al., 2006; Nielsen &
Ostergaard, 2013). Delayed diagnosis of NCL is the norm, rather than the
exception. However, there is a recent trend towards more timely diagnoses of
some NCL disease types than in previous decades. The factors that impact
shorter or longer diagnostic times of NCL warrant further exploration.
2.8.8 Health professionals’ review before diagnosis of NCL
It was identified in the literature that particular professionals are reviewing these
children for specific symptoms such as speech delay and/or regression,
preceding the diagnosis of NCL. It is expected that the GP, ophthalmologist,
neurologist, geneticist, and other health professionals such as early childhood
nurses and speech pathologists play a role in identifying these symptomatic
children. Specific health professionals have been identified as contributory to the
recognition of signs and/or symptoms in a child, prompting the diagnosis of NCL.
2.8.9 Speech pathologists
Young children with CLN2 may show signs of slowing or stalled developmental
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milestones in their second year (Mole et al., 2005). Speech pathologists may
review these children before diagnosis, potentially identifying additional
symptoms to the initial speech deficits. It highlights the need for greater
awareness of NCL to a wider group of health professionals. In a cohort of 15
children, a decline of language abilities or 'late talkers' was the first sign detected
in six of these children diagnosed with CLN5 disease (Simonati et al., 2017).
2.8.10 Ophthalmologists
Of all the NCL diseases, children with CLN3 are the most likely to present to an
ophthalmologist before a confirmed NCL diagnosis. Children in the four to sixyear age group, sometimes older, are often reviewed by an ophthalmologist
before a referral to a geneticist, paediatrician, or paediatric neurologist. The need
for increased awareness of ophthalmologists to recognise the early signs of NCL,
but especially CLN3, is not new (Henry & Stevens, 1982; Spalton et al., 1980).
International efforts continue to promote ophthalmologists’ awareness of the early
ocular pathology of CLN3 (Heim & Kohlschutter, 1995; Stehr et al., 2012) and a
broader range of rare diseases including NCL in medical training (Cismondi et
al., 2015; Lavery et al., 2015).
2.8.11 Psychiatrists
Neuronopathic LSDs with a later childhood-onset phenotype, but particularly
adult-onset, and without a family history are especially prone to a delayed or
missed diagnosis. The majority of neuronopathic LSDs do not have distinctive
dysmorphic facial features (Benjamin, Lauterbach, & Stanislawski, 2013;
Pastores & Maegawa, 2013), and this is also characteristic of NCL. Exceptions
include the mucopolysaccharides (MPS) disorders with distinctive facial features
such as facial coarsening with rounded and heavy features including thickened
skin (and hepatomegaly) across all MPS types (Mitchell et al., 2018). Benjamin
et al. (2013) caution of the need for a high index of suspicion for symptoms of
developmental delay, behavioural traits, or a psychiatric presentation in the
LSDs.
Of all the NCL diseases, children with established CLN3 or adults with a lateonset NCL disease may be reviewed by psychiatrists as the disease evolves or
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during a prolonged diagnostic phase (Henry & Stevens, 1982; Spalton et al.,
1980). Although psychiatric symptoms are not uncommon in the progression of
CLN3, there is a real risk of an initial psychiatric misdiagnosis if NCL is not
considered (Collins et al., 2006; Harcourt & Hopkins, 1972; Rivinus, Jamison, &
Graham, 1975; Waldman, 1992; Wilson, 1972b).
2.8.12 Early childhood screening
The predominant proportion of children diagnosed with NCL have an onset of
symptoms in infancy and early childhood. In a study of 517 individuals clinically
diagnosed with NCL, 158 with a confirmed genetic diagnosis, 79% of the cohort
had symptom onset before six years of age (Ju et al., 2006). This age is already
a cautionary period for general practitioners, paediatricians, and early childhood
nurses as children pass through these particularly vulnerable ages and stages of
child development (Sreekantam & Wassmer, 2013; Wilson, 1972a). Health
professional review is even more regular during the neonatal and infancy period
(Kole & Faurisson, 2010) when a young infant or child with CLN1 would likely
present. Each NCL disease has distinctive features that align it with a specific
age group, but there are exceptions when a later onset phenotype may be evident
(Mole & Cotman, 2015).
2.8.13 Increased awareness of NCL
There are numerous examples where increased awareness of rare diseases by
health professionals is associated with earlier recognition of a disease and may
positively impact diagnosis (Black et al., 2015; Cismondi et al., 2015; Knott,
Leonard, & Downs, 2012; Lavery et al., 2015; Stehr et al., 2012). Family stories
have the potential to enhance public awareness, and inform medical
practitioners, and other professionals who may have contact with these children
during the initial stages of the disease before diagnosis. Increased awareness of
NCL could potentiate consideration of NCL in the differential diagnosis of a child
presenting with signs and/or symptoms of evolving dementia in childhood.
Additional symptoms associated with each disease type may support earlier
consideration of NCL.
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2.9 Diagnosis of NCL disease
2.9.1 Cell models and animal studies
The predominant research regarding NCL is based on cell studies, and small and
large animal model studies. In the A&NZ context, researchers have collaborated
with the study of ovine (sheep) NCL models to develop the Batten Animal
Research Network (BARN). The focus is on neuronal cell studies, tissue studies,
and in-vivo animal studies of controls and CLN5 and CLN6-affected animals
(Palmer et al., 2015). Although these studies are not the focus of this literature
review, their substantial contribution to our understanding, identification,
diagnosis, and the development and appraisal of evolving treatments for this
group of NCL diseases must be acknowledged.
2.9.2 Need for NCL biomarkers
Earlier diagnosis of NCL is becoming more imperative as clinical trials move
towards approved treatments options for additional NCL diseases. There is a
critical first window of opportunity for intervention before irreversible neurological
deterioration occurs (Augustine et al., 2013). Neurodegeneration has been
extensively studied in animal models of the broader group of LSDs (Meikle &
Hopwood, 2003). The earlier a treatment is instituted for many of the LSDs, the
more beneficial the anticipated results. Beyond a determined point, it is unlikely
that neurological function may be restored (Waddington et al., 2005). The earlier
a diagnosis is reached; the less neurological impact will be evident. This is
particularly relevant as access to potential therapeutic treatments for a wider
range of NCL diseases are becoming more realistic (Kohlschutter, Schulz,
Bartsch, & Storch, 2019; Mole et al., 2019; Onyenwoke & Brenman, 2015;
Rosenberg et al., 2019).
Encouragingly, early disease recognition, diagnosis, and the possibility of presymptomatic diagnosis are increasingly significant to NCL research (Velinov,
2014; Wright et al., 2020). A current focus of research is on a biomarker or tool
to assist with the initial identification of visual, neurological, or pathological
changes in an affected child (Pearce, Chan, Geraets, Weber, & Hersrud, 2013).
However, reaching a diagnosis remains a protracted and distressing experience for
many of the parents and children or young adults who are ultimately diagnosed
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with a NCL disease (Collins et al., 2006; Sims, Cole, Sherman, Caruso, &
Snuderl, 2011). Unfortunately, the impact and distress does not abate for families
with their child's or children's diagnosis of NCL, whether it was delivered belatedly
or otherwise.
2.9.3 Biomarker development
As new therapies are proposed and moved into clinical testing, monitoring their
efficacy will require specific biomarkers and an improved definition of the natural
history of a particular NCL disease (Cotman & Staropoli, 2012; Lebrun et al.,
2011; Pearce et al., 2013). Croce and Bottiroli (2014); Rosenberg et al. (2019)
highlight the potential for endogenous biomarkers in the future to impact both
diagnosis and measure potential responses to future treatments.
A universal biomarker remains elusive for the group of NCLs, or an individual
NCL disease (Hersrud, Geraets, Weber, Chan, & Pearce, 2016; Kline, Wishart,
Mills, & Heywood, 2019; Pearce et al., 2013; Sleat et al., 2017). Realistically, it is
unlikely a single biomarker will be developed in the foreseeable future that will
encompass diagnosis of each of the monogenetic NCL disease types. In addition
to diagnosis, development of biomarker for a NCL disease may substantiate
clinical trial results or treatment outcomes (Augustine et al., 2013; Pearce et al.,
2013). To support investigations and ultimately a diagnosis, there are specific
tests that are more suited to certain childhood-onset NCL diseases. An example
would be an EEG, particularly for CLN1 (Kohan et al., 2009) and CLN2 disease
(Fietz et al., 2016) with an early onset of seizures. An ERG is suggested for
investigation of all childhood-onset NCL diseases, but particularly CLN3, due to
the early retinal pathology (Preising et al., 2017). Additional tests recommended
for specific NCL diseases, prior to or concurrent with enzyme and/or genetic
testing, are provided in Appendix 4.
2.9.4 Nomenclature of NCL
The term 'nosology' can be used to isolate and present the characteristic features
of any disease, such as NCL, which may contribute to its identification and
ultimately a diagnosis (Henry & Stevens, 1982; Mole et al., 2005). It is a practical
method to describe the genotype and the presenting phenotypes of NCL
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diseases. It may comprise of the clinical course of the disease and the distinctive
ultrastructural

features

of

each

disease

type.

The

Neuronal

Ceroid

Lipofuscinoses (NCLs) are monogenetic diseases, and they are distinguished by
specific gene mutation loci on a particular chromosome. The two disease-causing
alleles are either affected by the same mutation (homozygous) or two different
mutations (heterozygous). For example, most cases of CLN3 are homozygous
for the common 1-kb deletion on chromosome 16 (Mitchison et al., 1995). It is
these two mutations that are responsible for both the variations in presentation
and the unifying features of each phenotype (Mole et al., 2005).
More recently, Williams and Mole (2012) have adapted a previously designed
framework to facilitate consistency in the diagnostic classification of NCL. This
classification

system,

or

nomenclature

includes

genotype,

phenotype,

morphology, and other features of distinct NCL diseases to promote
consideration and identification of NCL in the clinical setting (Goebel, 1995,
2001).
Researchers such as Schulz and Kohlschutter (2013) have proposed a
diagnostic algorithm to provide a broad overview of the diagnosis of different NCL
diseases. Kohan et al. (2009) have presented a structured framework for CLN1
and CLN2 diagnosis. A diagnostic approach and algorithm incorporating epilepsy
genetic screening panels, identification of distinctive electroencephalogram
(EEG) patterns, and initial enzyme screening before or with genetic testing is
tailored to specifically assist early diagnosis of CLN2 (Fietz et al., 2016). Some
of these diagnostic algorithms are adapted for a specific NCL disease, whereas
others incorporate all NCL disease types. A generic algorithm for NCL diagnosis
proposed by Kohlschütter and Schulz (2009) is provided in Appendix 5.
2.9.5 Genetic links of NCL with adult neurodegenerative diseases
Evidence is emerging of a biological link of NCL with other more common adult
neurodegenerative diseases (Bras et al., 2012). The Autosomal-Lysosomal
pathway (ALP) may be an associated link with other more prevalent
neurodegenerative diseases, and hereditary forms of Parkinson’s disease (PD)
and Alzheimer disease (AD) (Di Fruscio et al., 2015). NCL diseases belong to the
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group of lysosomal diseases and are increasingly implicated in having genetic
links to PD (Bourdenx & Dehay, 2016). Parkinsonian signs and symptoms
characterise the late features of CLN3 (Schulz & Kohlschutter, 2013), and there
may be other, yet to be identified, features that NCL shares with PD. NCL may
provide illumination of other degenerative diseases, and potentially may reduce
the neurological impact of these diseases in both children and adults in the future.
Perhaps the most significant link NCL has with an early-onset dementia in adults,
is the disease fronto-temporal lobe degeneration (FTLD). It is a primary example
of the merging of a more common dementia with the rare disease, NCL (Beck,
2016). Smith et al. (2012) first identified a homozygous mutation in the
progranulin gene (GRN) in two young adult sisters whose diagnoses were
designated as CLN11. In contrast, heterozygous mutations in the GRN gene
result in FTLD, the second most common early-onset dementia in adults.
Cotman et al. (2013) provides a visual representation of the genetic links of some
NCL diseases with other rare LSDs or more common diseases. The relevance of
these genetic connections between NCL with other diseases may provide a
window into associated symptoms at NCL onset or as the disease progresses.
Relatively newly identified NCL genes including GRN, ATP13A2, and KCTD7 are
directly associated with FTLD, PD, and Progressive Myoclonic Epilepsy (PME)
diseases, respectively. CLN6 is associated with PME; CLN8 is genetically linked
with another LSD - Gaucher disease; and CLN1/TPP1 with SCAR7 which are all
neurodegenerative disorders. Potential associations between Alzheimer disease
(AD) and lysosomal storage disorders (LSDs) including the NCLs are emerging.
These include lysosomal inclusions identified in three brothers with Presenilin 1
mutations and early-adult onset AD, and CLN5 mutations in multiplex families
with AD (Reitz, 2020).
Secondary genetic associations have linked NCL with mitochondrial diseases
and amyotrophic lateral sclerosis (ALS) (Cotman et al., 2013). This could account
for some of the more common incorrect differential diagnoses these children were
initially considered to have, such as a condition inclusive of the group of PME
diseases. These genetic connections may contribute to the progression of
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specific symptoms in NCL diseases, such as later Parkinsonian symptoms in
CLN3 (Aberg et al., 2000). Figure 7 provides an excerpt of the direct genetic links
between NCL and these five other diseases including the group of diseases
referred to as the PMEs.

Parkinson's
disease

SCAR7

NCL
Progressive
myoclonic
epilepsies
(PMEs)

frontotemporal lobe
degeneration
(FTLD)

Gaucher
disease

Figure 7: Direct genetic links of NCL with other rare or more common diseases
Adapted from Figure 1B Cotman et al. (2013).
2.9.6 Diagnostic testing of NCL
The genotype and phenotype heterogeneity of NCL impacts the signs and
symptoms of individual NCL disease types and the age of onset. The resultant
variance between and within NCL diseases contributes to this disparity in clinical
presentation. Despite the inconsistencies between each individual disease, there
are unifying features of childhood-onset NCL. It is these clinical similarities and
distinctions that help guide selection and the direction of diagnostic testing.
Factors identified by Fietz et al. (2016) that negatively impact CLN2 diagnosis
could perhaps be applied to other NCL diseases. These include a low disease
awareness amongst non-specialist clinicians, limitations to access genetic
diagnostic testing, and the variability of clinical presentation. The wide disparity
among the eponyms, synonyms, and alternate terms used for NCL between or
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within continents and different countries may contribute to the potential ambiguity
of NCL (Goebel, 1995), and continued lack of awareness of this rare disease.
2.9.7 Centres of 'Excellence'
In the Australian context, a diagnostic facility for NCL in the Adelaide Women’s
and Children’s Hospital has been available in Australia since 2000. This centre
provides an international service for the diagnostic testing of Australasian families
with NCL (Muller, Paton, & Fietz, 2001). Australia has additional diagnostic
services and Centres of Excellence for specialist review of children with NCL.
Specific to the German context, Kohlschutter and van den Bussche (2019)
examined circumstances contributory to delayed diagnoses of rare diseases
including NCL. The authors emphasis it is the relationship and facilitated
communication between families, health practitioners, and expert centres that
enabled diagnosis, more so than the available resources.
2.9.8 Consanguinity
Rates of consanguinity vary amongst specific ethnic populations and different
countries. There was one consanguineous parental relationship reported in a
study of nine children with Batten disease (sic) in the UK (Collins et al., 2006).
The parentage of one of the fifteen children with CLN5 in a European study was
also described as consanguineous (Simonati et al., 2017).
In some Middle Eastern countries such as Saudi Arabia (Al-Muhaizea, AlHassnan, & Chedrawi, 2009; Ozand et al., 1990), and India (Jadav et al., 2014),
there is a high percentage of consanguinity in affected families. Jadav et al.
(2014) identified consanguineous parentage ranging from 74% to 89% of NCL
cases with an onset in childhood. In a Canadian study of NCL in the eastern
province of Newfoundland, 29% of parental relationships were reported as
consanguineous (Moore et al., 2008). Consanguinity was genetically and
statistically determined in a parental heritage from an isolated Italian locality, in
an Australian study of two affected young adult daughters designated as CLN11
by Smith et al. (2012).
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2.9.9 Genetic counselling
A negative impact of a delayed diagnosis of NCL is that it limits parents' access
and options for family planning and genetic counselling. The lack of specificity of
symptoms and the rarity of the disease compound the likelihood of a delayed or
incorrect diagnosis (Rothberg, Ramirez-Montealegre, Frazier, & Pearce, 2004).
The significance of a correct and timely diagnosis will likely impact on patient
outcomes and the supportive care they receive.
Regardless of whether or not the child with a juvenile-onset NCL (sic) is
diagnosed promptly, it is likely a younger sibling will have already been born
(Spalton et al., 1980). Recurrence in a second child could also be the case for
pre-school children diagnosed with CLN2, with younger siblings possibly already
born before the older child is symptomatic in the two to four-year age group.
2.9.10 Pre-natal screening
The low incidence of the NCLs only partially explains a present lack of pre-natal
or post-natal screening for this group of rare diseases. This lack of screening is
in contrast to screening programmes implemented for Phenylketonuria (PKU)
and cystic fibrosis (CF) with higher incidences of 1:14,000 and 1:2,500,
respectively. Considering the LSDs as a group, the incidence is 1:5,000 births.
Justification of a more expansive screening programme inclusive of all the LSDs
is a more realistic option (Meikle & Hopwood, 2003). More recently, pre- and postnatal screening studies have been undertaken for some NCL diseases (Fritchie
et al., 2009; Shulman & Farrell, 2018). Screening is particularly relevant for CLN1
and CLN2 diseases with soluble enzyme deficiencies, allowing a screen using
dried blood spot (DBS) (Itagaki et al., 2018; Kohan et al., 2009), or mass
spectrum technology (MST) (Liu et al., 2017).
Regardless of the recent advances in pre- and post-natal NCL screening clinical
studies, implementation of this diagnostic tool is potentially impeded by the
current lack of a curative treatment for any of the NCL diseases. It is perhaps this
absence of a restorative therapy for the NCLs, which is instrumental to a lack of
progress in extensive pre-natal or post-natal screening for any NCL disease. In
contrast, Tay-Sachs is successfully screened pre-conceptually in specific
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populations with Ashkenazi Jew heritage and a carrier frequency of one in 25,
despite no present cure for this rare disease. Consistent with worldwide studies
of a 90% reduction in Tay-Sachs births in this specific population (Triggs-Raine
et al., 1990), none of the participants in a similar Australian program over an 18
year period had a child affected by Tay-Sachs disease (Lew, Burnett, Proos, &
Delatycki, 2015). Factors including the need for broad screening for multiple
disorders in a single program (Meikle, Ranieri, et al., 2004), availability of
disease-modifying therapies, incidence of a rare disease, higher prevalence in
populations with specific ethnicity, and carrier rates in different countries are all
relevant to pre- and post-natal screening (Inthorn, 2014). Cost-effectiveness and
accessibility of genetic testing (Aungaroon et al., 2016), potentially impact the
implementation of a screening program for genetic diseases including NCL with
an autosomal recessive mode of inheritance.
2.9.11 Sibling diagnosis
A family history is likely to contribute to a younger sibling being diagnosed in a
shorter time frame than their older sibling with a confirmed NCL diagnosis (Fietz
et al., 2016; Zhong et al., 2000). Factors conducive to potential reductions in
diagnostic times include technological advances and greater cost-efficiencies in
genetic diagnoses of Mendelian diseases such as NCL (Yang et al., 2013). From
the early developments of pre-natal NCL diagnosis in-utero (Syvänen, Järvelä,
Paunio, & Vesa, 1997), family access to pre-implantation genetic diagnosis
(PGD), and invitro fertilization (IVF) have become available in recent decades
(Shulman & Farrell, 2018; Williams et al., 2006). A family history of NCL or an
unspecified neurodegenerative disease in previous generations is rarely referred
to in the literature (Smith et al., 2012), yet the importance of examining this detail
in a medical history is emphasised (Benjamin et al., 2013; J. E. Collins, 1997;
Dyken & Krawiecki, 1983). Aligned with an autosomal recessive mode of
inheritance, there were many examples of two, and sometimes three, siblings
(sibships) affected by NCL reported in the literature (Dozières‐Puyravel et al.,
2020; Ghosh, Chowdhury, Das, Banerjee, & Chakraborty, 2013; Moore et al.,
2008; Schulz et al., 2009).
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2.9.12 Pre-symptomatic diagnosis of other children
In contrast to carrier testing, predictive pre-symptomatic genetic testing
potentially poses more risks to the individual and their family. Predictive presymptomatic diagnostic testing can be associated with both negative and positive
consequences. Securing a pre-symptomatic diagnosis of another child with NCL
would be overwhelming for any family. Currently, whilst no curative treatment
exists for any NCL disorder, debate persists regarding pre-symptomatic genetic
testing in children (GTIC) for the NCL gene when the child is unable to provide
their assent (Adams et al., 2014). With more accurate, but less invasive
diagnostic testing increasingly available for lysosomal diseases including NCL, it
is possible that more families will utilise the option to have younger children tested
earlier than in previous decades (Wenger, Coppola, & Liu, 2003). There is a
possibility a disease-modifying treatment such as ERT initiated before clinical
symptoms emerge in a child with CLN2 disease, may have a greater therapeutic
benefit. Cabrera-Salazar et al. (2007) reported an enhanced therapeutic
response to adeno-associated viruses (AAV) gene therapy in CLN2 mutant mice
models treated pre-symptomatically. As more disease-modifying treatments
become available for other NCL diseases, it is feasible that increased numbers
of families will decide to undertake pre-symptomatic genetic testing for their other
at-risk children.
More families may make the decision to test younger, and sometimes older,
children to potentially exclude NCL. Unfortunately, some of these families will be
provided with a pre-symptomatic diagnosis of NCL for another child. In the US
context, laws vary between states, governing access to pre-symptomatic
diagnoses of diseases with particular regard to children (Adams et al., 2014).
Negative consequences of genetic testing include perceived emotional and
psychological risks to the child, a potential impact on their self-concept or broad
social issues such as possible risks of insurance discrimination in later life (Vears
& Metcalfe, 2015). Pre-symptomatic genetic testing of a child poses a real present
risk of a life-limiting diagnosis of a genetic disease such as NCL and can come
at great financial and emotional risk to the families. Despite this, Adams et al.
(2014) reported over half the parents undertaking predictive genetic testing of
healthy ‘at-risk’ children. Although predictive genetic testing offered no
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therapeutic benefit without any disease-modifying treatment available at the time
the study was conducted, the majority of parents indicated they would prefer to
know ahead of time if their child was to develop NCL (Adams et al., 2014).
2.9.13 Carrier testing of other children
The distinction between carrier testing and predictive pre-symptomatic genetic
testing is emphasised. Carrier testing involves genetic testing of asymptomatic
individuals who have been deemed at risk of carrying a genetic mutation that is
not presently considered a risk nor has any present negative health
consequences to their health. This testing may inform their future family planning
and reproductive choices and can safely be deferred until the age of consent
(Adams et al., 2014). Sometimes this testing is undertaken, such as adolescent
pre-conceptual carrier genetic testing for other diseases such as Tay-Sachs but
is actively discouraged by the American Society of Human Genetics (Vears &
Metcalfe, 2015).
In countries such as the US, UK, and Australia, carrier genetic testing remains
more controversial than pre-symptomatic genetic testing. Carrier testing of other
apparently non-affected children is actively discouraged or prohibited until the
child reaches a consensual age. In the UK, carrier testing of other children (sibling
of an affected child with a autosomal recessive disease such as NCL) is delayed
until consensual age or at an age they can be fully involved in the decision making
process (A. Clarke, 2020). There are exceptions to allowing carrier testing of
siblings and these circumstances may apply to support reproductive decisions
(Adams et al., 2014; Vears & Metcalfe, 2015).
An Australian study reported genetic health professionals who initially
recommended against sibling carrier testing, did facilitate testing based on the
family’s personal circumstances rather than relying solely on clinical guidelines
(Vears, Delany, & Gillam, 2015). The Human Genetic Society of Australasia
(HGSA) provides a recent Australian guideline regarding pre-symptomatic and
predictive genetic testing of adults and children. Two categories apply to
predictive and pre-symptomatic genetic testing in children, dependent on whether
the condition or disease is actionable. Testing is only recommended if a treatment
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is available and the appropriate pre- and post-testing genetic counselling is
provided. Some variability exists including a range of contexts that may impact
decision-making such as the age symptoms are likely to commence in a child
(Vears, Ayres, Boyle, Mansour, & Newson, 2020).
2.9.14 Family experiences
The most recurrent feature before NCL diagnosis was that their child or children
appeared healthy and generally there were no prior medical warnings until
symptom onset (Collins et al., 2006; Fietz et al., 2016; Williams et al., 2006). A
diagnostic delay of months, or even years, from the onset of neurodegeneration
or visual loss can be apparent. Initially, some families receive an incorrect
diagnosis of a somewhat milder or treatable condition such as retinitis
pigmentosa (RP), raising false hope (Spalton et al., 1980).
The diagnostic period is usually characterised by minimal warning signs, a
prolonged diagnosis, or multiple initial misdiagnoses. Any diagnostic lag affecting
younger children, particularly CLN1 and CLN2, will possibly be shorter than
CLN3. The disease course for the two classic CLN1 and CLN2 phenotypes, usually with
an onset in infancy or early childhood, respectively, have a more limited life
expectancy (Mole et al., 2005; Schulz & Kohlschutter, 2013). Predominantly, a
younger age of onset is generally associated with a more aggressive progression
of the disease (Hawkins-Salsbury, Cooper, & Sands, 2013). Children with CLN3
who present with visual loss and a more insidious onset of the disease are
especially prone to a longer diagnostic lag (Collins et al., 2006).
Visual loss due to established CLN2 disease and the opportunity to connect
retinal degeneration with a brain disease may be missed (Williams et al., 2006).
Mole et al. (2021) emphasis visual loss is not usually an initial symptom of CLN2
disease. Pérez-Poyato et al. (2012b) reported a later symptom of blindness at the
median age of five years in a cohort of 12 children (nine genetically confirmed
with CLN2). It is important to differentiate precursor eye pathology from the
clinical emergence of a functional visual loss. This particularly applies to different
childhood-onset NCL diseases, potentially with a variable threshold when clinical
signs and symptoms of visual loss become apparent. Deteriorating ophthalmic
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findings were significantly associated with increasing age and more severe
neurological findings in 25 patients with CLN2 disease (mean age of 4.9 years)
(Orlin et al., 2013). Kovacs et al. (2020) identified retinal degeneration markedly
accelerated between 48 and 72 months of age in a cohort of 42 patients with
CLN2 disease. In contrast, CLN3 is usually characterised by rapid visual loss in
the early stages of the disease (Perez-Poyato et al., 2011) and demonstrated by
deteriorating functional visual acuity data (Preising et al., 2017).
The diagnostic journeys that impact families affected by NCL have a recurrent
theme, with the child usually born healthy and achieving usual developmental
milestones (Schulz & Kohlschutter, 2013). It is the extraordinary lengths that
families go to seek answers for their child’s symptoms that results in the diagnosis
of NCL (Malcolm et al., 2012). Other families receive an incomplete diagnosis of
a potentially treatable condition such as epilepsy, while their child or children
continue to deteriorate.
2.9.15 Consequences of a delayed diagnosis
An important consequence of a delayed diagnosis of NCL is that it limits and
negatively impacts parents' access to and options for genetic counselling and
informed family planning. The lack of specificity of symptoms and the rarity of the
disease compound the likelihood of a delayed or incorrect diagnosis (Rothberg
et al., 2004). A correct and timely diagnosis may positively impact patient/family
outcomes and the supportive care that the child receives. As options for a
treatment develop for some NCL diseases, an early diagnosis is imperative to
potentiate access to possible therapeutics.
In the pre-genetic era of NCL diagnosis, the decision to perform a biopsy for
diagnosis was not made for an extended period after the onset of clinical
symptoms alone (Pampiglione & Harden, 1977). The invasive nature of biopsies
(historically brain, rectal, conjunctival, progressing to less traumatic skin biopsies)
and the procedure only being undertaken in specialist units possibly contributed
to delays of diagnosis. The authors stress the importance of an earliest diagnosis
as possible to provide genetic counselling for families. In a cohort of 60 children,
there were nine families with more than one affected child. The non-specificity of
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symptoms in the cohort of children referred to their neurophysiology unit included
delays of developmental milestones, clumsiness, and sometimes seizures or
visual loss contributing to delayed NCL diagnoses (Pampiglione & Harden, 1977).
Early diagnosis of NCL allows facilitated access to family counselling and
initiation of education supports for the child (Collins et al., 2006). In contrast,
potential consequences of a delayed NCL diagnosis are multiple. If a child
receives an initial misdiagnosis, missed diagnosis, or a delayed diagnosis of NCL,
there is the possibility that an initiated treatment will be inappropriate, ineffectual,
or even harmful. These treatments may mask the onset of secondary
symptomology, further contributing to extended diagnostic delays. These
incorrect treatments may be expensive to families, invasive, and contribute to
false hope for families of a curative treatment. Some newly instituted medications
may mask or potentiate the onset of more severe symptoms such as incontinence
or dribbling. New symptoms such as ataxia in CLN2 disease may be falsely
attributed to the treatment such as recently commenced anticonvulsive
medications and overlooked (Williams et al., 2017). New-onset behavioural
changes in a child may be ascribed to a treatment recently initiated but were
instead an emerging sign of CLN3.
Factors contributing to a delayed diagnosis of disease types such as CLN2
include differences in the initial presentation of the child, compounded by a lack
of awareness of this particular rare disease (Fietz et al., 2016). Regardless of
whether a child with CLN3 is diagnosed promptly, there is likely to have been the
birth of a younger sibling. In previous decades there was a reluctance by medical
practitioners and families to seek a diagnosis of a younger sibling (Spalton et al.,
1980). However, this is changing and has coincided with the greater availability
and improved access to genetic testing (Mole & Cotman, 2015).
Early symptoms of childhood-onset NCL diseases are extracted from natural
history studies. During this literature review, health professionals who had contact
with these children at the onset of the disease were identified. Initial concerns of
parents, health practitioners, or other professionals are identified in the literature.
The experiences of families, including factors that positively or negatively
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impacted the recognition and diagnosis of NCL in their child or children are
examined in this study. Identification and diagnosis of these children as early as
possible will potentially impact their access to future treatment.
2.9.16 Differential diagnoses of NCL
There are young children, particularly with CLN1, who are initially diagnosed as
Rett syndrome due to similar distinctive hand movements in the initial stages of
both diseases (Hagberg & Witt-Engerström, 1990; Vanhanen et al., 1994).
Children with CLN2 and an onset of seizures early in the clinical presentation
maybe firstly misdiagnosed as Doose syndrome or other epilepsy syndromes
included in the group of PME diseases (Fietz et al., 2016). In a cohort of 97
children in India who were initially diagnosed with a subset condition of the PMEs
over a period of 25 years, 40 diagnoses were later confirmed to be NCL (Sinha,
Satishchandra, Gayathri, Yasha, & Shankar, 2007). Initial misdiagnoses as other
diseases such as RP (Collins et al., 2006), or Stargardt disease (Bohra et al.,
2000) are not uncommon for children with CLN3 who present with symptoms of
visual loss. Theoretically, these inaccurate diagnoses will potentially contribute to
an underestimation of the prevalence of childhood-onset NCL diseases. More
importantly, it is the emotional impact on families misdiagnosed with a nonprogressive or a more optimistic diagnosis other than NCL.
2.9.17 Improved diagnostics of NCL
Any diagnostic lag affecting younger children, particularly with CLN1 and CLN2,
tends to be shorter than CLN3. Children with CLN3 disease usually have a slightly
later age of onset around five to six years of age, a more protracted disease
course, and a longer life expectancy until their late teens or early third decade of
life (Ostergaard, 2016). For more than two decades, there has been a transition
from invasive ultrastructural biopsy testing towards NCL genetic testing. Genetic
testing allows confirmation of the clinical and pathological diagnoses previously
provided to families and can also provide carrier testing, pre-symptomatic testing
of siblings, and pre-natal testing (Zhong, 2001). Differences in the NCL disease
types are aligned with precursor testing and may not be available for specific
disease types such as CLN3. For example, the transmembrane nature of CLN3
and CLN5 disease (and not soluble lysosomal enzyme defects) (Bennett &
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Rakheja, 2013), means confirmatory diagnosis primarily rests with DNA
molecular testing (Dolisca et al., 2013).
Kohan and colleagues propose an integrated strategy for diagnosing CLN1 and
CLN2, with initial enzymatic assay analysis followed by mutation studies of the
relevant gene. EM can be performed to determine the presence or absence of
the ultrastructural bodies distinctive to NCL and has previously been
recommended prior to genetic analysis (Kohan et al., 2009). These two NCL
diseases have soluble enzyme deficiencies or completely absent enzyme levels.
They are diagnosable by biochemical testing for the enzyme palmitoyl-protein
thioesterase 1 (PPT1) for CLN1 (Van Diggelen et al., 1999), and/or tripeptidyl
peptidase 1 (TPP1) for CLN2 (Fietz et al., 2016). These options are particularly
relevant for countries with limited financial resources or technological access to
genetic analysis (Jadav et al., 2014; Ren et al., 2016).
2.10 NCL Treatments
2.10.1 Clinical trials
Most pre-clinical trials have focused on restoring enzyme function for the CLN1
and CLN2 diseases, generally corresponding with an infantile, late-infantile, or
older onset phenotype. These two distinct genetic diseases result from deficient or
absent soluble enzymes, PPT1 and TPP1 respectively (Mink et al., 2013), but not
CLN3. It was predicted, and rightly so, that treatments for CLN3 would lag behind
the other two classic CLN1 and CLN2 diseases due to the elusive nature of
identifying the structure and function of the transmembrane nature of the CLN3
protein (Cooper, 2003). More recently, clinical human trials using gene
replacement therapy have been undertaken including CLN1 (Sondhi et al., 2020)
and CLN6 disease (https://clinicaltrials.gov/ct2/show/NCT02725580). These
reviews summarise the Phase ll and lll clinical trials currently being undertaken
for specific NCL disease types (Kohlschutter et al., 2019; Mole et al., 2019;
Rosenberg et al., 2019).
2.10.2 Emerging treatments
A recently

completed human clinical trial in CLN3 affected individuals

(https://clinicaltrials.gov/ct2/show/NCT01399047) has demonstrated short-term
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tolerability of an orally administered immunosuppressive drug Mycophenolate
(Augustine et al., 2018). It is imperative that families from geographically isolated
regions such as Australia, New Zealand, and Asia have the opportunity to
participate in future studies and clinical trials. A probable inclusion criterion in
forthcoming clinical trials may be the need for a timely diagnosis of NCL (Velinov,
2014), but this will be more likely a requirement for a treatment protocol where an
optimal benefit can be conferred. A child with CLN3 disease with a slightly older
and more insidious onset may have a longer life expectancy than some other
childhood-onset NCL diseases (Collins et al., 2006; Mink et al., 2013). In a CLN3
four-stage system designed by Masten et al. (2020a), the majority of a cohort of
108 individuals remained in stage one by nine and a half years of age impacted
by visual loss. They regressed in a unilateral and predictable manner but may
also have a longer interval available for interventions.
Despite the advantages of a facilitated NCL diagnosis, an example is provided of
delayed diagnoses for four children with a later-onset phenotype of CLN2 who
were still able to access ERT several years after symptom onset (Wibbeler,
Nickel, Schwering, & Schulz, 2018). A possible exclusion criterion may be
established neurodegenerative changes in the child or young adult; therefore
early diagnosis of NCL is a crucial objective (Augustine et al., 2013). Sometimes,
children with established disease are recruited to clinical trials. A limited number
of children with severe CLN2 disease were recruited to a separate protocol for a
safety assessment of a gene replacement therapy clinical trial (Sondhi et al.,
2020). Figure 8 represents the range of previous and current clinical trials being
undertaken in the development of therapeutic NCL treatments.

70

Figure 8: Emerging NCL treatments
[(Geraets et al., 2016) p.3 authorised use of graphic
http://creativecommons.org.licenses/by/4,0/].
In the past decade there has been a rapid shift from pre-clinical experiments with
animal models to enzyme replacement and gene therapy phase two/three clinical
trials for children diagnosed with NCL. Gene therapy to restore full enzyme
function for some of the LSDs is being realised. Specific to NCL, the human
clinical trial (NCT02725580) with late-infantile variant CLN6 disease commenced
in 2016 using adeno-associated viruses (AAV) as vectors to deliver a single dose
gene therapy to the brain. The viral transporter AAV9 can cross the blood brain
barrier (BBB) and is particularly compatible with non-dividing cells such as
neurons (King et al., 2016).
2.10.3 Approved disease-modifying treatments
As previously discussed, a therapeutic treatment for CLN2 using Cerliponase Alfa
enzyme replacement therapy (ERT) via ICV has been approved by the FDA in
Europe and the US (Markham, 2017; Schulz, Specchio, et al., 2018; Schulz et
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al., 2019). This is a second weekly ERT infusion following a recommended
protocol (McGoldrick & Wolfe, 2018). Presently, this is the only approved
therapeutic disease-modifying treatment available for any NCL disease specifically CLN2 disease. This ERT has been approved in several other
countries outside Europe and the US, including Argentina (Seratti et al., 2018),
and Australia. Medical press releases or media reports regarding this ERT
treatment need to clearly specify it is only suitable for CLN2. Currently, families
with other classic NCL diseases such as CLN1 or CLN3, or late-infantile variants
including CLN5 or CLN6 do not have access to an approved treatment. When
one NCL disease - CLN2 is generically referred to as 'Batten disease' with a
treatment, there is an initial risk of public misinterpretation that a treatment is
available for other NCL disease types.
Although no other approved disease-modifying treatments are presently available
except for CLN2, families in certain countries may have or in the future be able
to access clinical trials for specific NCL diseases. These include but are not
limited to gene replacement therapy clinical trials for CLN2 [NCT01414985,
NCT01161576 (Sondhi et al., 2020)]; CLN3 [NCT03770572]; and CLN6
[NCT02725580

(https://clinicaltrials.gov)]. ABO-202

is a

one-time,

self-

complementary AAV (serotype 9) gene replacement clinical stage therapy for
CLN1 disease that has been granted Orphan Drug and Rare Pediatric Disease
designations by the US FDA and Orphan Medicinal Product Designation by the
European Medicines Agency (https://investors.abeonatherapeutics.com/pressreleases/detail/189/abeona-therapeutics-and-taysha-gene-therapies-enter-into).
2.10.4 Role of supportive and palliative care for NCL
Even in recent decades, families have faced the prospect of minimal treatment
options leading to the need for palliative and comfort care. Concerted efforts have
been made to understand the clinical picture of each individual NCL disease,
particularly CLN2 and CLN3, and how these different diseases compare with
each other. Expanding our understanding of non-neurological symptoms may
substantially improve patient care (Augustine et al., 2013). Regardless of the
recent strides made in clinical trials and potential therapies for specific NCL
diseases (Masten, Mink, & Augustine, 2020c) and an approved disease72

modifying treatment for CLN2 (Schulz et al., 2019), there remains a substantial
role for families to access supportive end-of-life therapies.
Presently, there are families who do not have the option of a disease-modifying
treatment for their child’s NCL disease type. There are children with a NCL
disease who have progressed to a stage that initiating an approved treatment is
not a viable option. Some families will miss out on participation in clinical trials
due to disease progression, geographical location, or limitations in cohort
numbers. Even for parents whose child or children are undertaking a diseasemodifying treatment, there are currently no curative guarantees. The child’s
symptoms may continue to deteriorate to a point that the family needs to consider
supportive and ultimately palliative care for their child. Within the Australian
context, there are variable paediatric palliative care services available between
states and territories. Bradford et al. (2012) highlights deficiencies in our health
care system with a dedicated Queensland children’s hospice closed in 2009. The
authors discuss the dichotomy of palliative care being considered as end-of-life
care with death as imminent, compared with a broader view of palliative care as
the long-term support and respite that can be provided to families and their child
with a life-limiting illness or disease.
2.10.5 Summary of the NCL diagnostic path
Carrier testing can inform future family planning choices and is not generally
regarded to have negative health consequences for the individual, which may
be appropriately delayed in children. Conversely, pre-symptomatic genetic
testing entails more of a present risk to the child and their family. The main
consideration is seeking a diagnosis when no viable treatment option is
currently available. Historically, any reluctance by the medical team and/or
families to seek a pre-emptive diagnosis of NCL for other, usually younger
siblings of affected children was understandable. However, researchers are on
the cusp of emerging treatments for additional NCL diseases. Families need to
be well placed for consideration and access to therapeutic treatments, or a
clinical trial. A pre-requisite will be a confirmed genetic diagnosis, and
established neurodegeneration may possibly be an exclusion criterion in future
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2.10.5 (continued) Summary of the NCL diagnostic path
clinical trials or treatments. Distinctive signs and symptoms of each classic and
variant NCL disease that affect children are identifiable. Health professionals
are reviewing these children in the early stages of the disease, particularly
speech pathologists (CLN2) and ophthalmologists (CLN3). It is feasible that
greater awareness of this rare disease could potentially halt the diagnostic
delay of NCL.
2.11 What is the significance of this study?
An anticipated consequence of this study will be to illuminate the experience of
parents who have previously been given the presently life-limiting and
devastating diagnosis of NCL for their child or children. Many rare diseases are
frequently missed or misdiagnosed during the family’s prolonged search for
answers to their child’s symptoms (Kole & Faurisson, 2010).
Similar to many other rare diseases, NCL diagnosis is typified by a delayed
diagnosis (Collins et al., 2006; Nickel et al., 2018). Neurological standstill followed
by degeneration (CNL1), seizures (CLN2), and/or visual loss (CLN3) are the
primary initial symptoms of NCL diseases affecting children (Williams et al.,
2006). Distinctive symptoms are specific to certain NCL disease types, such as
new onset ataxia for children with CLN1 (Perez Poyato et al., 2012), or CLN2
(Fietz et al., 2016). Speech delay/regression for CLN2 (Fietz et al., 2016) or CLN5
(Simonati et al., 2017), may be evident early in the onset of these two NCL
diseases.
Recognising distinctive patterns or precursor symptoms during this quantitative
A&NZ study may assist in more timely identification of affected children or young
adults with NCL in the future. A biological biomarker is still not available to aid
early diagnosis of NCL (Simpson et al., 2014), hampered by the multiple
phenotypes of each NCL disease and the pathological differences between them.
Currently, no early pathognomonic or distinctive physical features of children in
the early stages of NCL are identifiable in the literature. This is in contrast to other
lysosomal diseases where characteristic physical features may be evident early
in the presentation of a child (Wraith, 2011).
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It could be proposed that whilst a cure is presently unavailable for any NCL
diseases, a delayed diagnosis is of little significance and will not impact the
advancement of the disease. Although this is essentially accurate, a broader view
is that a treatment, or ultimately a cure, may be developed for more NCL
diseases. It could be argued that a delayed diagnosis has far reaching impacts
on the family, but these have largely been disregarded or not investigated in the
literature. Families have been, and still are, attempting to balance hope with
reality. This is in anticipation of a disease-modifying treatment for NCL, if not for
their own child or children's disease, then for future generations. At the very least,
diagnostics of NCL are being streamlined and accelerated in readiness for
potential treatments. The impact of a delayed diagnosis of a rare disease such
as NCL, although not well-defined, will likely have repercussions on family
planning and a tangible influence on the family. It is these factors that warrant
exploration.
A timelier diagnosis has a two-fold benefit. Firstly, it may abruptly end for the
family the ‘diagnostic odyssey’ that has been identified in the rare disease
literature (Kole & Faurisson, 2015; Stehr et al., 2012). Not only the psychological
impacts on the family during the search for a diagnosis, but also the likely
additional financial expenses they incurred during protracted investigations.
These expenses have wider implications for the health system and the provision
and availability of services before and after diagnosis of a rare disease (M.
Anderson, Elliott, & Zurynski, 2013). A second recurrent theme in research is that
the earlier a treatment is initiated for a neurodegenerative condition, then the
more likely it will have a positive impact (Hassiotis et al., 2014; Waddington et al.,
2005; Wong et al., 2010). With recent progress made with clinical trials and
potential treatments, earlier diagnosis may, but not necessarily, potentiate
inclusion in prospective trials (Velinov, 2014). In 2016, a single treatment
employing an APPV virus vector gene replacement therapy for CLN6 affected
children was trialled in the US. Preliminary data from this inaugural human CLN6
trial (https://clinicaltrials.gov/ct2/show/NCT02725580) are not available to date.
Never has the early diagnosis of NCL been more pertinent than in the transition
of clinical trials to the first ever approved treatment for CLN2 in 2017. With the
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inaugural approval of a disease-modifying treatment for this specific NCL disease
(Schulz, Specchio, et al., 2018), any factors that impact diagnosis need further
exploration.
2.12 Limitations of the literature review
The multiple eponyms, synonyms, and alternate terms for NCL have been or are
presently referred to, is contributory to the main limitation of this literature review.
There is a high likelihood that fundamental references for different NCL diseases
have been inadvertently overlooked. Limited access to English translations of
European and South American journal articles has potentially restricted the
availability of valuable research published from these continents.
It is also acknowledged that the potential for publication bias could negatively
impact rare disease literature, including NCL research (Kuper et al., 2018). Stehr
and Forkel (2013) explored the funding of international NCL research and
identified approximately 50 percent of the corresponding authors were based in
the US. The second most prolific country to publish NCL research was Finland.
With some exceptions of English translations of abstracts, only a limited number
of journals from Scandinavia were sourced. There was a significant proportion of
journal articles not accessible either due to their age, restrictions of access, or
non-availability in English.
2.13 Conclusion
The early 21st century has witnessed substantial progress with biological and
genetic investigations, ultimately to improve diagnostics and identify diseasemodifying treatments, if not a cure, for many rare diseases. NCL is no exception.
Historically, and even recently, there are many instances when the diagnosis of
NCL is protracted. An axiom regularly proposed during medical training is, "when
you hear hoof-beats, think of horses, and not zebras" (Waldman, 1992). This is
the recommendation to consider more common differential diagnoses, before
deliberation of a rarer possibility. Yet, there are distinguishable red flags of a NCL
presentation that are potentially identifiable earlier in the disease. It is these
distinctive features of different NCL diseases, and the professionals who are
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reviewing these children in the early stages of the disease before diagnosis,
which warrant further exploration.
This study may be justified by providing a voice to parents of their experience of
their children's diagnosis of NCL. It is acknowledged that this group of families
are particularly vulnerable participants. Anonymity, confidentiality, and other
aspects specific to any research, but particularly a rare disease, needs additional
consideration in a small population. These requisites of the research will be
discussed further in the following chapter three: research design.
2.14 Literature review summary
Although there is a wealth of research regarding NCL, there are only limited
studies regarding the initial diagnostic features of this rare disease. This gap in
the research has been identified and there is a need to examine the family's
experience of their child or children's diagnosis of NCL. To support this
exploration, the earliest onset of signs and symptoms for individual childhoodonset NCL diseases have been extracted from the literature. The triad of
neurological standstill prior to regression, epilepsy, and visual loss, are the
individual heralding symptoms for the three classic NCL diseases - CLN1,
CLN2, and CLN3, respectively. Other symptoms such as new onset ataxia and
speech delays may be identified earlier in CLN1 and CLN2, and other rarer
variants such as CLN5. The onset of CLN3 is characterised by early onset
ophthalmic signs and symptoms that are usually first identified in this NCL
disease. It is feasible there are earlier symptoms of NCL not, or rarely, reported
in the literature, and this possibility warrants closer scrutiny. Parents could
retrospectively provide extensive detail along the timeline from symptom onset,
until the diagnosis of their child or children. This wealth of knowledge could be
used to tailor education programmes for health professionals to increase
awareness of this rare disease and potentially reduce time to diagnosis in the
future.

77

Chapter 3. Research design

Chapter three presents the research design according to the STROBE checklist
for a cross-sectional observational study (Von Elm et al., 2007).
3.1 Methods
3.1.1 Study design
The research presented in this thesis utilised a descriptive retrospective crosssectional survey using quantitative methods of data collection. The first phase of
this study involved parent key informant review of the survey designed by the
research team. The second phase entailed eligible parent participants
anonymously undertaking a voluntary structured survey regarding an affected
child. Parents were able to complete a survey for each child with a confirmed
NCL diagnosis in the event that more than one child was affected.
The survey was inclusive of both historical diagnoses from the previous five
decades and recent diagnoses of children with any NCL disease. It was designed
so that a parent could complete the survey individually or as a couple, or
estranged parents could complete a survey separately. A mechanism was built
into the study to link surveys regarding a single child, completed by different
parents. Additionally, the surveys regarding two affected children from the one
family could be linked without impacting the anonymity of families.
3.1.2 Survey design
No previously reported questionnaires were identified during a search of the
literature regarding the specific aspect of early NCL symptomology and
diagnosis. Study results presented by Perez-Poyato et al. (2011) regarding 24
children with either CLN3 or a juvenile presentation of CLN1 disease were
summarised in a 50-item database. Data extracted from medical records were
supplemented by interviews with physicians and/or parents as required. A subset of these categories were selected with a particular focus on the pre-clinical
and clinical phase of NCL disease onset in children, prior to diagnosis. These
were used to formulate certain questions in the NCL survey designed by our
research team, and this is discussed further in section 3.5.4. Rather than focus
on one specific NCL disease type, this NCL survey was broader to include A&NZ
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participants of children diagnosed with any NCL disease. This decision was made
in consideration of the limited numbers of children with NCL in the A&NZ
population.
3.1.3 Research methods
The study utilised a quantitative methodology for this preliminary exploration of
the diagnostic journey of parents with children diagnosed with NCL. This option
was taken for two main reasons. Quantitative survey results with free text allow
for descriptive data that may guide future qualitative work to further explore the
experience of parents during this pre-diagnostic phase. Protection of participant
anonymity was paramount to this research of a rare disease with small samples
(Griggs et al., 2009). Utilising a survey with implied consent (Adams et al., 2014),
was an additional research technique utilised to protect child, parent, and family
anonymity.
3.1.4 Research paradigm
A pragmatic research paradigm overlies this study design. Both descriptive and
translational theoretical perspectives form the basis of this research. The
research question lent itself to either a quantitative or a qualitative exploration, or
a combination of both methodologies. Selection of a descriptive quantitative
research design was preferential in this exploratory study for reasons of
confidentiality, but it also facilitated the collection of sensitive information in the
context of a rare disease diagnosis about what truly little is known (Diers & Molde,
1979; McEwen & Wills, 2017).
3.1.5 Pragmatic paradigm
A pragmatic paradigm is most suited but not confined to a mixed methods
approach, and the researcher may choose from a variety of research options.
This overarching paradigm and the theoretical basis that supports the quantitative
methodology used in this research is summarised in Figure 9.
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Figure 9 : Theoretical basis and paradigm of research
Pragmatism is more focused on exploring the research problem, rather than the
methods used to explore a particular question (Creswell, 2013). Justification of
research undertaken from within a pragmatic paradigm is focused on the end
result, rather than a quantitative versus qualitative debate (McEwen & Wills,
2017). It is appropriate for understanding fields or a specific aspect of study where
little is known, with an emphasis of the applicability or usefulness of the study
(Morgan, 2007). The paradigm helps to provide clarification and justification of
the methods and philosophical stance of the student researcher.
3.1.6 Descriptive theory
Descriptive theories underlie the decision to use a quantitative descriptive
research method (Downs & Fawcett, 1986). An exploratory study was chosen to
find out 'what is'. That is, what are the early signs and symptoms of individual
childhood-onset NCL diseases? Is there a delay in children being diagnosed with
NCL and what, if any, are the facilitators or hindrances to diagnosis of this specific
rare disease? What are the implications of a delayed NCL diagnosis for these
children and their families? Are there family members, health professionals, or
others who are well placed to recognise symptoms in these children during the
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early phase of the disease? These questions were explored in this study and they
correspond with the aims of the study outlined in chapter one: section 1.3.7.
Two aspects of descriptive theory are naming and classification, with the latter
the focus of this study. The dimensions of the study results will be categorised
into typologies (Downs & Fawcett, 1986). These empirical findings will be further
categorised into their exclusive or overlapping features that impacted diagnosis,
particularly the early signs and symptoms of NCL onset in children. Kole and
Faurisson (2010) emphasise that examining delayed diagnosis, especially of rare
diseases, is not intended to be critical of the delays. It is more to enlighten us of
the experiences of these individuals who have encountered a delayed diagnosis
and learn from this. In this study, the parents of children diagnosed with NCL can
inform a broader group of health and other professionals, and the wider
community through reflecting on their experiences and the factors that helped or
hindered their child obtaining a correct diagnosis.
3.1.7 Translational process
As an adjunct to exploratory descriptive theory, a translational process in health
is based on facilitating a shift from the bench to the bedside (Cismondi et al.,
2015). From the initial identification of a premise, there is a shift towards
implementing practices that expedite change. Isolating the pre-diagnostic phase
in this research could positively impact the future diagnostic pathway and time to
diagnose NCL. If the interval from symptom onset until the diagnosis of a child is
prolonged, a closer examination of this period may expose potential avenues to
reduce this pre-diagnostic phase.
Figure 10 provides an extract of a translational roadmap in rare disease research
and development (Bellgard et al., 2014). It is an overview of some of the key
issues related to rare disease diagnosis prior to treatment, which impact the
practitioner and the patient. For example, aspects of this roadmap include
population studies and genomics. It may be possible to establish vulnerability in
a population such as Australia or New Zealand for specific NCL disease types
according to ethnicity, immigration patterns, and indigenous populations as
identified in the US population by Sleat et al. (2016). This information could
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facilitate participation in NCL disease registries and potentially reduce the prediagnostic phase of a delayed diagnosis. Other examples of translational
research include New Zealand sheep models of CLN5 and CLN6 disease to
testing pharmaceuticals and gene therapies in the transition towards potential
therapeutics (Palmer et al., 2015; Perentos et al., 2015).

Disease
registries,
data banks
Regulatory
bodies

Population
studies

Prediagnostic
phase
Pharmaceuticals

Genomics

Animal
models

Figure 10: Translational rare diseases diagnostic roadmap
[adapted from Bellgard et al. (2014), Figure 1, p 327].
In the US, the National Institutes of Health (NIH) National Centre for Advancing
Translational Health (NCATS) stimulates the discovery or repurposing of drugs
for rare and neglected diseases using novel resources beyond funding. It is also
focused on the shift from pre-clinical trials towards a patient-centred approach to
research (Augustine et al., 2013). Examining the pre-diagnostic phase of
childhood-onset NCL has the potential to inform health professionals who review
these children before diagnosis.
3.1.8 Philosophical stance of the student researcher
It is recognised that the observational skills, intuition, and researcher
assumptions may have impacted the study design (Strauss & Corbin, 1998).
Equally, the philosophical stance of the student researcher is based in a health
82

paradigm, whereby prompt diagnosis and access to treatments are a goal of care.
Presently, many families living with NCL may have neither. Their stories
regarding their child or children's diagnosis are disconcertingly similar in many
countries including A&NZ (www.stuff.co.nz/science/63423984/woolly-thinking-areal-lifesaver). This research sought to explore the hindrances and facilitators of
diagnosis of this rare disease and provide a voice for these families.
3.1.9 Potential duality of the student researcher
As the student researcher, I openly acknowledge involvement with the family
based Australian chapter of the BDSRA since 2000 in the voluntary capacity of
raising awareness of NCL or Batten disease. I am known to many A&NZ families
and have met most of the past and present committee members of BDSRA
Australia (BDSRAA). I have never been or intend to be, a financial beneficiary of
any of the projects undertaken to raise awareness of this rare disease. Nor have
I been personally affected by parenting a child with NCL. Briefly nursing a young
boy with NCL in 2000 inspired a connection with these families affected by this
life-limiting disease.
The research question arose from my involvement with the BDSRAA and families
affected by the NCLs during the previous 15 years before the study was
developed. From my perspective as a student researcher, the overriding
experience of families was a protracted interval and some unfortunate
experiences before their child or children were diagnosed with a NCL disease. I
have been honoured to share in these stories from families around Australia, New
Zealand, England, and the US. I have been privileged to participate in almost all
the bi-annual research symposiums held in Australia, three BDSRA family
conferences held in the US involving both families and researchers, and a
Lysosomal Diseases conference in Auckland, New Zealand which included
families affected by NCL.
As the student researcher, I was responsible for the original concept of this
research question and the broad direction of the research design. The role of the
other research team members including my primary supervisor and two
secondary supervisors was educating, mentoring, and supervising my work
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undertaken as the student researcher. This support was liaised through regular
meetings in-person with my supervisors and throughout 2020 via on-line
communications due to public health restrictions. Additional modes of
communication included email and telephone contact with the research team, but
particularly my primary supervisor and chief investigator Professor Vanessa
McDonald. All three supervisors spent extended periods reviewing draft chapters,
multiple ethics applications due to governing changes, and the journal articles I
prepared. The data analysis for the primary and secondary study outcomes was
undertaken by a HMRI statistician and is acknowledged. As the student
researcher, I prepared the raw data for analysis under the supervision of the
research team and formulated the descriptive statistics provided in chapter five.
Some assistance with formatting figures was provided by a professional editor
and is acknowledged. Considerable feedback and modifications were made to
draft chapters, formatting, and graphic design was provided by all three
supervisors.
3.1.10 Quantitative method
This research is fundamentally quantitative, with an initial consultation of key
informants prior to implementing a cross-sectional structured survey. It is a
descriptive exploratory study, which retrospectively examined the parent's
experience of seeking a diagnosis for their child or children. Parents of children
diagnosed with NCL in Australia or New Zealand, either previously or recently,
were eligible to participate in the study.
There is a historical component to this study, and parents were included in the
study if their child or children were diagnosed with NCL in the previous five
decades. This study and the research team respectfully acknowledge that the
majority of Australian children with NCL have died. Similarly, most of the children
diagnosed with NCL in New Zealand have also died. Consideration has been
made that many of the children currently affected by NCL are extremely
debilitated, whilst some have moved closer towards the palliative stage of the
disease.
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3.1.11 Free text contribution
There was an opportunity for participants to add further explanatory comments
or more detailed descriptions after certain questions and at the end of the survey.
Free text responses were collated and are presented in chapters four and five.
These additional findings were interpreted within the theoretical framework of
narrative medicine, providing a link between the medical providers and the
subjective experience of the families (Charon, 2006). The autobiographical
aspects parents provided of their child’s NCL diagnosis may lend support to guide
future qualitative study of their pre-diagnostic experiences.
3.2 Setting
3.2.1 On-line survey
Participants were able to complete the survey/s in the privacy of their own home,
or wherever they accessed the link to the REDCap® NCL survey. This option was
selected for the study protocol as it was suited to parents who were caring for a
child or children with high medical needs. Surveys could be completed off-line
with the survey results being sent once internet access was established. The
survey could be completed on a mobile telephone or other device with internet
access. If required, participants could temporarily pause the survey and were
given a code to resume completion of the study at a more suitable time.
Alternatively, participants could request a hard copy/copies of the survey to
complete. These would be mailed to the participant by BDSRAA at the family's
request. The research team was unaware of the name or address these surveys
had been sent to, and a return addressed postage paid envelope to UoN and
hard copies of the survey were supplied by the research team.
3.2.2 Location
Participants were Australian or New Zealand residents, but they could be
temporarily absent from their country of residence for their child to participate in
an international clinical trial or treatment.
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3.2.3 Periods of recruitment
The survey phase of the study was open for one month in October 2019 and then
closed. A further period of secondary recruitment was undertaken during the last
week in November 2019 to allow for additional participants to complete the
survey.
3.2.4 Follow-up
No follow-up of participants was included as this could have potentially impacted
participant anonymity.
3.2.5 Data collection
Data were collected on-line through the REDCap® platform and survey results
were automatically entered into the database. No data were received from
manually completed surveys.
3.2.6 The consultative phase
Two phases of this study were conducted. The first consultative phase was
undertaken with a small number of parents of children with NCL who reviewed
the draft survey phase PIS and the NCL survey. Key informants provided their
feedback on the design and content of the survey phase PIS and the survey was
amended for the second phase of the study.
3.2.7 The survey phase
The survey phase of the study involved data collection using the structured NCL
survey designed by the research team and is summarised in section 3.7. After
ethics was granted for the revised survey that included the consultation
amendments, four pre-approved A&NZ web-based advertising sites including
BDSRAA were approached to digitally promote the study as described in section
3.7.3. Links to the study PIS and the NCL survey were provided on the
www.battens.org.au website and Facebook® page - Batten Disease Support &
Research Association Australia. Participants could review the REDCap® privacy
policy by following a link within the on-line survey phase PIS.
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3.3 Participants
3.3.1 Study population
Participants were eligible for inclusion if they were a parent or guardian of a child
or children with a confirmed diagnosis of NCL during the previous five decades.
Their child or children could be alive or deceased and may have been presymptomatic or symptomatic at the time of diagnosis.
3.3.2 Eligibility criteria
Inclusion criteria:
•

parents of children diagnosed with NCL, recently or the previous five decades

•

bereaved families whose child or children with NCL has/have already died

•

and/or families whose child or children were presently affected, or had
received a pre-symptomatic genetic diagnosis of NCL

•

residents of either Australia or New Zealand, including those who were
temporary absent from their place of residence for participation in an
international clinical NCL trial or therapeutic treatment

•

inclusive of Aboriginal and/or Torres Strait Island or Maori heritage of the
parent/legal guardian

A clinical diagnosis of NCL sufficed for inclusion in this study, especially for
historical cases diagnosed prior to the availability of enzymatic and genetic
testing since the mid-1990s. During this time, NCL diagnosis was supported by
identifiable ultrastructural abnormalities, the clinical presentation, and the
progression of the disease. An enzymatic assay where applicable, and/or a
genetic diagnosis have been confirmatory of NCL diagnoses for over two
decades (Mink et al., 2013). Some families whose child had a CLN3 diagnosis or
another NCL disease with a later onset phenotype, may have an attenuated form
of the disease (Mole & Cotman, 2015). Parents used their discretion whether to
mention the study with their older sons and/or daughters (affected or not). It was
possible some parents who completed a survey regarding a child in their teens
may have chosen to discuss their participation in the study with them.
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Exclusion criteria:
•

parents with a language other than English (LOTE)

•

an adult-onset NCL (ANCL) genotype or phenotype

There was the possibility that some families affected by a childhood-onset NCL
disease in Australia or New Zealand were from a non-English speaking
background. Due to the financial constraints of this study, the survey could only
be provided in English. It is evident in the literature that a small number of young
adults in Australia, and perhaps New Zealand, have been diagnosed with an
adult-onset phenotype or adult-specific NCL genotype (Smith et al., 2012). Adults
with NCL were intentionally excluded from this on-line survey, due to the inherent
risk of obtaining implied consent from a person with probable cognitive limitations.
Sources of participants:
Sources of participants were limited to parents who were either Australian or New
Zealand residents.
Methods of selection of participants:
Potential participants initially read the survey phase PIS and if they met the
inclusion criteria for the study, may have proceeded to complete the survey.
Participants opted into the study through a process of self-selection.
3.4 Participant safety
3.4.1 Confidentiality
Anonymity and confidentiality are two distinct but overarching aspects of this
research regarding the rare disease NCL. Confidentiality refers to not disclosing
any information, intentionally or accidentally, in such a way that risks identification
of a participant or their family. The student researcher and research team will not
discuss any information about a participant or their family with a third party that
would risk their identification. The study results have been presented in a way to
prevent identification of any participant and their family by using the process of
anonymisation (Wiles, Crow, Heath, & Charles, 2008).

88

3.4.2 Anonymity
It may be possible to identify a specific family based on a few distinctive
characteristics, such as if they were the only Australian family with a particularly
unique variant of NCL. It is a major consideration of this study that no family is
identifiable or potentially linked to any implicating detail in any journal article, the
thesis document, or oral/visual presentation in the future. The gender of a child
and an ultra-rare NCL disease, such as a male child with the CLN7 variant, may
provide discernible details of a child in a small population of affected children. It
is a primary responsibility of the student researcher and members of the research
team to maintain participant and family anonymity, with a precedence to protect
each individual family's identity overriding the need to publish identifiable data
obtained during the study (Wiles et al., 2008).
Implied consent was specifically selected for the survey, as an adjunct to
protecting family anonymity. Distancing family name from the data, meant
participants were unable to access, adjust, or request the withdrawal of their own
survey after submission.
A process to allow parents to view the results of the study prior to publication,
could not be developed without impacting anonymity or risk non-participants
accessing this document. A second role of the key informants (not necessarily
participants in the survey phase) was to have the option to read a final draft of
the study results prepared for the journal article intended for publication, providing
parent feedback on family anonymity. Those parents who participated in the
consultative phase may also have access to the results and discussion section
of the student researcher's thesis at their request prior to submission. This option
has been taken in consideration of the additional and inherent risks of research
into rare diseases, such as NCL (Augustine et al., 2013).
3.4.3 Right of withdrawal from the survey phase
During the survey phase of the study, participants may complete their survey yet
decide not to submit it. In keeping with anonymous submission and once
electronically submitted as already discussed, retracting their survey was not
possible and this was disclosed in the survey phase PIS.
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3.4.4 Potential benefits to participants
There are no known benefits associated with participating in this study. However,
the study may contribute to the limited research presently available of the
experience of A&NZ families whose children have been diagnosed with NCL. For
this reason, participation in the study may be considered altruistic to broaden the
restricted knowledge available about this rare disease. The research may provide
support of the need for a specific scientific registry of this Australian and New
Zealand NCL population, or promote links to an established international NCL
database. Enrolment in a specific disease patient registry is acknowledged as an
important contributor to clinical trials participation (de Blieck et al., 2013; Simpson
et al., 2014).
3.4.5 Potential risks to participants
Some associated risks of participating in this study are acknowledged in the study
protocol. Firstly, there is the potential that difficult and conflicting emotions may
be raised for parents considering and participating in this study. Additionally, it is
advised in the survey PIS that parents completing the survey/s have a support
person present during completion, and for emotional support afterwards.
A reference to accessing counselling services is made at the conclusion of the
survey, if considered needed by the participant. Providing access for any
participant to a single fully subsidised professional counselling service was
initially considered. However, it would have been prohibitively expensive and
unpredictable how many participants would take up this service. It would also be
inherently difficult to arrange without impacting the participant's anonymity.
Therefore, information on how to access government funded psychological
support services in either country was provided to the participants in the survey
PIS and at the end of Part A of the NCL survey but would need to be self-initiated.
3.4.6 Vulnerable population
It was determined early during the development of the protocol, that this study
involved a vulnerable population. Additional considerations related to family
anonymity were paramount to the safety of participants. Further precautions that
90

were implemented specific to rare disease research are explained in the previous
sections 3.4.1 - 3.4.2. This population is a group of parents or guardians who are
bereaved, and/or are caring for a child or children with a life-limiting disease. In
preparing the ethics application for HREC, it was determined there would be a
higher risk group of potential participants within this population of parents and this
was specified in the survey PIS. It was advised that any parents with a recent
bereavement in their family or experiencing another type of family crisis, consider
not commencing a survey. It was a method of introspection, whereby the parent
or couple would choose not to participate in the study.
3.4.7 Potential burden to participants
There is a total of 62 questions in the survey. Although Part A consists of more
questions, Part B is more complicated with multiple references to genetic
terminology. There were repeated reviews by the research team, consultation
with key informant parents in the consultative phase, and four updated versions
of the survey submitted to the Human Research Ethics Committee (HREC) prior
to the final ethics approval. Despite this, the questions and multiple answer
options in Part B of the survey remained considerably complex.
An estimated half an hour was required to complete both Part A and B of a single
survey. The time burden was an hour for families who needed to complete an
additional survey for a second diagnosed child. Completing the survey once was
a significant time and emotional burden for each participant, and more so if they
were completing another survey. Conversely, it was possible that some parents
may appreciate the opportunity to describe their experience of receiving the
diagnosis of NCL for their child or children.
A mechanism to visually display the percentage of the survey they had completed
as the parents progressed through the questions was not accessible. It was
possible to interrupt completion of a survey, and participants were automatically
given a code to insert so they may resume the incomplete survey at a more
convenient time. This was an important feature of the survey to provide parents,
whose children would have a high level of physical and emotional needs, an
opportunity to interrupt the survey if necessary. Part A of the survey was divided
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into demographics and four other sections, which provided an indication of a
participant’s progress through the 47 questions.
3.5 Development of the cross-sectional survey
3.5.1 Validated survey
An Australian or international survey was not locatable regarding the specific
aspect of early symptomology and diagnosis of NCL in children. Previous
research regarding childhood-onset NCL utilised medical records supplemented
by details provided by physicians and/or the family (Perez-Poyato et al., 2011;
Steinfeld et al., 2002) or case notes only (Collins et al., 2006; Simonati et al.,
2017; Spalton et al., 1980). It is feasible that historical European diagnostic
studies may have used a survey regarding NCL diagnosis in children but were
not accessible or available in English. The research cited tended to focus on a
single NCL disease, whereas this present broader study sought to capture the
initial early clinical presentation in childhood of a wider range of NCL diseases in
a smaller A&NZ population.
3.5.2 Domains of the survey
Survey domains were based on an interview format used for another rare disease
(Vieira et al., 2008). These domains helped guide the development of more
specific questions. Part A of the NCL survey includes demographics, onset of
symptoms, health professional review and investigations, diagnosis of the child,
and social media supports. Part B of the survey relates to NCL carrier status of
parents and other children, and pre-symptomatic diagnosis of other at-risk
children. Domains designed for the survey are presented in Appendix 6.
3.5.3 Survey Monkey
Initially two surveys were designed by the research team. Parents were to
complete survey one and/or survey two using the SurveyMonkey® platform
(SurveyMonkey Inc. San Mateo, California, USA). Survey one was tailored for
bereaved parents, whereas survey two was designed for parents of children who
had a current diagnosis of NCL. The study population merges across both
bereaved families and/or those parents whose child may be seriously affected by
this life-limiting neurodegenerative disease. As the protocol developed, it became
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apparent there was a third but not distinct category of parents. Following an older
sibling's confirmed diagnosis of NCL, other siblings who were usually younger
may have also received an enzymatic and/or genetic diagnosis of NCL. These
children may be pre-symptomatic with no overt signs of the disease or were
already symptomatic at the time of diagnosis.
Some families would have needed to complete both surveys, whilst others would
complete two copies of a specific survey. With further input from the research
ethics advisor (REA), it was determined there were very few questions that
required adaptation to past or present tense. Both surveys were condensed to a
single survey only and removed potential ambiguity regarding which survey or
surveys a family would complete. As a result, branched logic was used to tailor
or redirect certain questions, or not, to bereaved families.
3.5.4 REDCap® Survey
A decision was made by the research team to change the survey platform to the
Research Electronic Data Capture (REDCap®) for several reasons. Sensitive
health related data is considered more physically and virtually secure than other
platforms such as SurveyMonkey® or Microsoft Excel® (redcap.hmri.org.au).
The former supports clinical and translational research, and provides a repository
for protocol and data storage in REDCap® (Harris et al., 2009).
3.5.5 Question development
Questions (n = 62) were formatted into multiple choice options, single choice
answers, and a limited number of Likert scales. Formal reliability and validity
testing were not performed on the survey and is acknowledged as a limitation of
the survey design. Instead, a consultative phase was incorporated into the
protocol to ensure parent input, especially in view of the emotive and subjective
content of the questions. Question and response refinement was designed into
the consultative phase of the study by undertaking key informant review (Duarte
et al., 2014).
Children presently affected by NCL are located along a continuum, but not
necessarily a downward trajectory, as was the case in previous years. Many
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parents are bereaved, even several decades beforehand. Others are presently
caring for their affected child, and/or a second affected child. Internationally, an
increasing number of children are currently undergoing the only presently
available FDA and EU approved therapeutic treatment for CLN2 disease
(Markham, 2017). There is some anecdotal support that a small number of
children are undertaking ERT in Australia (www.abc.net.au/news/2019-0329/batten-disease-brineura-medication-breakthrough/10951178).
For these reasons, questioning was not as simplistic as using the correct tense
in grammatical terms. Although branched logic questions were formulated using
either past tense or present tense language suited to each child, it was more
difficult to retain some sense of hope in the questions and answers options. More
recently, some families may have reason to be cautiously optimistic regarding
emerging treatment options for a broader range of NCL diseases. This presently
includes a clinical gene therapy trial since 2016 (NCT02725580) on the
ClinicalTrials.gov database for children with CLN6 disease (Byrne, 2018).
The format, style, and content of the questions have been considerably adjusted
following discussion and suggestions by the research team, REA, and key
informant parents. A primary concern was maintaining sensitivity of the words
and tone of the questions, so they were not too intrusive or harsh. This was in
consideration of a population of mostly bereaved families. The questions were
written at a Year 9 High School level of comprehension (Calderón, Morales, Liu,
& Hays, 2006; Lenzner, 2014). Complexity of questions and limited options for
responses have been identified as potential reasons why certain questions are
not answered in surveys (Simpson et al., 2014). Medical terminology and jargon
have been avoided where possible. Some questions were open ended, with the
option for participants to add free text if required. It was important that survey
questions allowed for additional comments or an alternate answer that was not
specified in the multiple choices (Ramaswami et al., 2012).
The NCL survey was specifically designed for bereaved families and past tense
sentence structure was incorporated where required. Equally important, it was
also suitable for parents who may have a child or children currently affected by
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NCL. Present tense questions were tailored to these families and participants
were redirected to specific questioning using branched logic. The on-line survey
quantitatively gauged the timeline, from symptom onset until the diagnosis of
each participant’s child.
Question five would likely have been a difficult and emotive question for parents
to answer. They were asked whether their child was currently affected (or was
pre-symptomatic with a confirmed genetic diagnosis), or not. If they answered no,
they were redirected with branched logic and asked the age of their child (or
children) when they died. Feedback on this question was assessed during the
consultative phase of the study and was not considered intrusive nor likely to
provide an identifiable detail of a family. The month and year of death were not
enquired as a potentially identifying feature of a child accessible in the media.
It was important that the sub-populations were differentiated between bereaved
families and/or parents with children presently diagnosed with NCL who may, or
may not, be symptomatic. Some families needed to complete two copies of the
survey if they had a second child diagnosed with NCL. The 62 questions of the
survey were divided into Part A and Part B as below. Most answers were optional
so that participants could proceed with the subsequent questions, if unable to
provide an answer.
•

Part A: 47 questions regarding the early signs and symptoms of their child or
children and the family's diagnostic timeline of NCL

•

Part B: 15 additional questions regarding carrier genetic testing of unaffected
children and the parents, and predictive genetic testing of other at-risk children

3.5.6 Part A survey
If the parent/s chose to participate in the study, Part A broadly dealt with family
demographics; family ethnicity; types of signs and symptoms at onset; age of
onset; which individual/s first identified these changes in their child; which health
professionals instigated investigations and/or diagnosed their child; NCL disease
type; the timeframe from onset of the disease until diagnosis; impact of social
media; differential diagnoses; and how the diagnosis was conveyed to the
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parents. It is a lengthy survey, but all aspects of enquiry were considered by the
research team to be appropriate and relevant. The parents were able to expand
on their experience by providing additional text to explain their diagnostic journey
and possible prior misdiagnoses of their child or children.
3.5.7 Part B survey
Optional and if applicable to their family, the parent/s may have chosen to
participate in Part B at the end of the survey. The additional questions in this
second part of the survey were regarding carrier testing of the parent and any
other unaffected children. It explored the parent's decision to proceed, or not, with
pre-symptomatic genetic testing for NCL of another child (or children) who was
unaffected at the time of testing but was potentially at-risk of NCL. Families with
two affected children who chose to participate in Part B of the survey were only
required to complete this section once.
3.5.8 Linking multiple surveys
SurveyMonkey® was unable at the time to provide an internal mechanism to link
multiple surveys to the one respondent. REDCap® has a feature to do this but
would require tracking of the participant's email address. It was feasible that
family surnames would be identifiable in email addresses. The option to track and
link surveys by their email addresses or their URL addresses was not taken, and
the decision was made for surveys to remain de-identified using the 'Public
Survey' format of REDCap®.
This study was specifically tailored to bereaved families, and/or parents with
symptomatic or asymptomatic children with a confirmed diagnosis of NCL.
Parents of another deceased child or a presently affected child, needed to
complete a second copy of the survey providing sufficient details to enable the
linking of surveys to the same family. Some parents would complete multiple
surveys for two, possibly three affected children, using their same family
identification (ID) code. The only feasible way to link these multiple surveys to the
one family, yet maintain anonymity, was for the participant to select their own
unique family ID code to be used on each subsequent survey if they completed
another survey regarding a second affected child.
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3.5.9 De-identifying participants
Elaborate methods have used codes and algorithms to de-identify participants for
genomic research, but is also open to re-identification of participants (Malin &
Sweeney, 2004). The use of pseudo names, or initial letters of first and surnames
combined with a component of the date of birth were considered, as used for
pathology de-identification. As some children are identifiable in the on-line media
by their birthdays; names; gender; type of NCL disease; and/or the date of their
death www.noahshope.com (VanHoutan, 2014), this option needed to be
adapted.
3.5.10 Child's ID code
The use of a child's ID code would assist linking surveys regarding the same child
submitted by different parents. The answer to question one alerted the research
team to the possibility that an additional survey may be submitted regarding the
same child. Child ID codes were formulated by parents using a partial code of the
child's month of birth, such as '01' for January in their response to question two.
The first two letters of the child's middle name (or alternate) name were entered
in response to question three. The age of diagnosis and demographics were
cross-referenced to identify duplicate submissions for the one child, as a
secondary check. Ideally the parents inserted the child's ID code, assisting
identification of duplicate surveys regarding the same child.
Figure 11 visually displays how two surveys regarding the one child will be linked.
In the second and third questions, participants selected the child's ID code:
1. code of child's month of birth July = 07 (or another example January = 01)
2. code of first two letters of child's middle name Alan = Al (or alternate name if
the child does not have a middle name)
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Figure 11: Child's ID code
3.5.11 Family ID code
There are two different considerations to linking families and children. The use of
a unique family ID code would assist linking surveys regarding two children
diagnosed with NCL from the one family. The answer to question four would
forewarn the research team that a survey for each child diagnosed with NCL (who
are siblings) would be submitted by a parent or parents. If the parent answered
yes, branched logic directed them to the second part of the question. Parents
(mother and/or father) would provide the answer to the mother's (of the child
referred to in the survey) birthplace (town or city). This answer entered on both
surveys assisted linking surveys regarding sibling children with the same family
ID code. Potentially, partners and/or estranged partners may also individually
complete a survey regarding their child, and a second child with an NCL
diagnosis. This was preferential to ensure linked surveys would remain
unidentifiable to the research team. If surveys were linked by participant’s email
addresses, in some instances their family name would be recognisable.
3.5.12 Diagnostic time frames
An exploration of the diagnostic journey of each participant's child or children
during this study, will likely fall along three or four main time frames. van Ruiten,
Straub, Bushby, and Guglieri (2014) used four steps in the diagnostic path in a
study of children with Duchenne Muscular Dystrophy (DMD). Other studies in rare
diseases differentiated the diagnostic phase into two phases after symptom
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onset. The first interval commenced from the initial review by a primary care or
general practitioner until referral, to a second phase of medical review by a
specialist/s until diagnosis (Black et al., 2015). Additional sub-phases may
possibly be identified, such as the interval between an initial incorrect diagnosis
and the diagnosis of NCL.
The time frames examined in this research were based on a three-phase format.
It is acknowledged the timeframe between symptom onset and seeking the first
medical review was not measured in this survey. The timeline from symptom
onset until diagnosis comprised of:
1. age at first reported sign or symptom (years and if possible, months)
2. commencement of diagnostic testing, including referral to a specialist
3. age of child when diagnosis of NCL was confirmed
3.5.13 Peer review of surveys
Peer review by rare disease specialists in the field may be designed into study
protocols (Pinto, Martin, & Chenhall, 2016). Instead, key informant feedback of
the PIS and survey was sought during the consultative first phase of the present
study. Utilising feedback from the key informant parents acknowledges the
important interconnected relationships between families, patient advocacy
groups, and researchers of rare diseases such as NCL (de Blieck et al., 2013).
3.6 The consultative phase
The consultative phase of the study involved a small group of parents reviewing
the draft survey. A planned focus group or a pilot study (Ragbeer et al., 2016;
Villalobos, Vargas, Rondon, & Felknor, 2013), was disbanded in preference to
undertaking a consultative phase. Considerations of the method to select
participants led to this decision. To undertake a focus group in person, the
participants would have ideally needed to be in proximity to the base of BDSRAA.
This was only feasible by pre-selecting parents from New South Wales (NSW),
which excluded parents participating from other Australian states. By providing
their feedback directly to the student researcher rather than in a focus group, their
anonymity with other participating parents could be maintained. Unlike if a pilot
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study was undertaken, key informant participants were still able, should they
choose, to anonymously participate in the survey phase of the study.
3.6.1 Key informant role
As recommended for studies using an exploratory design, a small group of
parents were used to draw upon common experiences in the diagnostic phase to
expose emerging themes (McKenna & Main, 2013). The key informant parents
were contacted after ethics approval was granted for the consultative phase of
this study. This first phase of the study was designed in consultation with all three
research supervisors and input from the REA. It was based on an adapted role
of the key informant (M. Marshall, 1996). The key informants were given ample
opportunity to accept or decline participation in the consultative phase over
several weeks, after the initial expression of interest was emailed to the BDSRAA
committee. It was the parents who decided to initiate contact with the student
researcher, and it was imperative they not feel pressured to participate.
The key informant parents/couples who had tentatively agreed to participate in
the consultative phase (Phase 1) were initially provided with:
•

Letter for the consultative phase key informants (refer to Appendix 7)

•

The consultative phase participant information statement (PIS) (Appendix 8)

•

The consultative phase consent form (Appendix 9)

•

Telephone and email access to the research team.

If they agreed to proceed, written informed consent was returned by the
participant via email or post. Once the student researcher had received a signed
consent from a participant, the following documents were forwarded to them:
•

The survey phase PIS (Appendix 10)

•

NCL survey (Appendix 11)

The consultative phase participants were the first parents to review and critique
the draft NCL survey. Their feedback on the suitability and sensitivity of the
survey adapted to bereaved families, and/or families with an affected child or
children was instrumental to the study.
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3.6.2 Recruitment of key informants
To specifically recruit a small number of parents was problematic. Advertising on
the BDSRAA sites would prematurely risk alerting a larger group of families to the
pending study, who may be unable to be included in the consultative phase. The
research team and the REA were consulted, and clarification was sought to
selectively recruit key informants from the BDSRA Australian committee.
Members of the committee include parents from different states in Australia who
voluntarily undertake a variety of roles, with personal experience of having a child
or children diagnosed with NCL.
In 2015, BDSRAA was initially contacted and in-principal permission was granted
by the Manager and the committee at the time to support this study when ethics
approval was granted. After HREC approval was granted in 2018, an email
invitation was sent to the BDSRA Australian President at the time to consider
participation in the consultative phase of this study. It was a request for any
parent/couples on the BDSRA Australian committee to consider voluntary
participation in the consultative first phase of the study. Their role was to critically
review the draft survey phase PIS and NCL survey regarding the early signs and
symptoms, and the diagnosis of their child or children with NCL.
3.6.3 Number of participants
•

a maximum of six couples/potentially twelve parents were to be recruited

3.6.4 Sub-populations of participants.
•

bereaved families and/or parents with a child or children presently affected

3.6.5 Signed consent for the consultative phase
An informed and signed consent was required before key informant participation
in the consultative phase. Parents were free to discuss any concerns with the
research team at any stage, prior to, during, or after this first phase of the study.
The contact details of the chief investigator (CI) and student researcher were
supplied on the consultative phase PIS and consent form. Additional aspects of
the consent included the right to withdraw from the first phase of the study at any
time, as outlined in section 3.6.7.
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3.6.6 Confidentiality of the consultative phase participants
The key informant's identity was already or became known to the student
researcher during the consultative phase. Maintaining confidentiality of the
parent’s participation was fundamental to the study. This was particularly
important during the consultative phase when the participants were identifiable to
the student researcher by email correspondence or telephone conversations. Key
informant participants consented not to disclose any details about the survey to
other parents outside the BDSRAA committee, until the survey phase of the study
was open to all eligible parents. It was expected that the consultative phase
participants would possibly discuss the pending research informally with each
other, or during an official committee meeting.
3.6.7 Right of withdrawal from the consultative phase
The participants could withdraw from the consultative phase at any stage, without
the need to provide a reason, even after submitting their feedback. If they did
withdraw, they were aware that their consent and written feedback would be
destroyed in keeping with UoN policy. Any feedback they may have provided
during this initial part of the study, would not have been used in the evaluation of
the survey. None of the participants took this option to withdraw from the
consultative phase of the study.
3.6.8 Preliminary viewing of surveys
After the participant's signed consent was received by the research team:
•

the participants were emailed the survey phase PIS and NCL survey to review

•

if preferred, they could be posted a hard copy of the documents

3.6.9 Feedback of the survey
The feedback requested from key informants is outlined in the letter for the
consultative phase participants in Appendix 7 and page three of the consultative
phase PIS in Appendix 8. Additional aspects of the consultative phase included:
•

parents were requested not to complete their survey during this first phase

•

they were still able to participate anonymously in the survey phase if they
chose
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•

the parent's review was returned by email/mail to the research team

•

it was to determine whether the survey was sufficiently adapted for bereaved
families and/or parents of children currently affected by NCL

•

if necessary, the Delphi technique would be used to identify congruent and
divergent feedback from the key informants, to assist reaching a consensus
before questions were altered, added, or deleted (Hsu & Sandford, 2007).

3.6.10 Variation to ethics
The research team considered the feedback received from the key informants
during a formal meeting of the research team. The draft survey phase PIS and
NCL survey were amended based on key informant suggestions, and a variation
to ethics was prepared. Even if no changes were made to any questions, HREC
specified that the survey be resubmitted after the consultative phase. An ethics
variation and further amendments were submitted to HREC and fully approved in
writing, prior to commencing advertisement of the survey phase of the study.
3.7 The survey phase: Data collection
During the survey phase of the study, all eligible A&NZ parents were invited to
participate in the study. The study was advertised using ethically approved
methods, as outlined in section 3.7.2.
3.7.1 Participant recruitment
This study recognises the international trend for families affected by a rare
disease to keep in contact through on-line social media, email, or other immediate
forms of communication (Schumacher et al., 2014). The research team did not
have any direct or indirect control over this informal method of recruitment. It is
acknowledged some parents may possibly use on-line communication as a
potential avenue of recommending or discouraging participation in the study. This
underlying method of recruitment was possible after the study was advertised.
'Snowballing’ is a recruitment method where potential participants gain increased
awareness of a project through familiarity, word of mouth, or other techniques
(Molster et al., 2016; Pinto et al., 2016). Research reaching out to underserved
or vulnerable populations who may be difficult to recruit are well served by this
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technique (Sadler, Lee, Lim & Fullerton, 2010). The inclusion criteria of this rare
disease study was inherently precise, with a small but geographically dispersed
population (de Blieck et al., 2013). An inclusion criteria specified participants were
Australian or New Zealand parents of a child or children diagnosed with NCL. Not
only were the numbers of potential participants limited, but an additional
consideration was the study population resided in two different countries. The
remoteness and expanse of Australia relative to New Zealand may have
negatively impacted recruitment of participants. Adams et al. (2014) discusses
membership in BDSRA is not limited to parents of children with NCL and includes
other family members and professionals such as researchers. It was also
possible that parents in New Zealand (and Australia) were never members or did
not remain members of BDSRAA, particularly after the death of their child or
children. This potentially contributed to the difficulties of capturing the limited
number of this specific A&NZ parent population of children with NCL during
recruitment.
It was indeterminable whether the study population utilised methods of
‘snowballing’ to increase study awareness amongst potential participants. It was
feasible they utilised social media, email, and telephone communications to
notify, discuss, and possibly promote awareness or discourage participation in
the research. It was apparent that some potential participants were unaware of
the study during the month it was open and requested consideration of an
extension. A secondary period of recruitment was designed and included into the
study.
3.7.2 Advertisement of the study
Promoting and advertising the study on-line reflects the increased tendency for
many families with other lysosomal rare diseases to liaise with each other on
various social media channels (Hodgkins, Lisi, & Ali, 2016). With ethics approval,
BDSRAA were approached, and they consented in writing to advertise the survey
phase of the study on their social media site, website, and on-line newsletter.
Additionally, one New Zealand and one of the two Australian organisations
replied and agreed to advertise the study:
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1. BDSRA Australia website - http://www.battens.org.au
2. Batten Disease Support & Research Association Australia Facebook®
3. Online/posted BDSRA Australia quarterly newsletter
4. Genetic Alliance (GA) Australia - http://www.geneticalliance.org.au
5. Lysosomal Diseases (LD) Australia - https://www.sahmriresearch.org/ourresearch/research-groups/lysosomal-diseases-research-unit
6. Lysosomal Diseases (LD) New Zealand - http://www.ldnz.org.nz
3.7.3 Organisation information statement and consent
An organisation information statement (OIS) and consent were prepared. These
documents were emailed to BDSRAA and the other two organisations or
associations to provide them further detail about the survey phase of the study.
Additionally, it was to seek their informed consent. Even after the organisation
consent was signed and returned by the manager or president, they were free to
withdraw advertising the study whilst the survey phase was being conducted
without providing a reason. The following documents were supplied to these
organisations and are included in the Appendices 12 - 15.
• Letter of request for these organisations to advertise the study (Appendix 12)
• OIS (Appendix 13)
• Organisation consent (Appendix 14)
• Survey flyer (Appendix 15)
• The survey phase PIS (already provided in Appendix 10)
3.7.4 The survey phase participant information statement (PIS)
The survey phase PIS provided parents who were considering participation in this
NCL survey, an explanation of the background, implied consent, anonymity, and
confidentiality aspects of the study. The survey phase PIS clearly outlined the
exclusion and inclusion criteria for participants. Although it is a lengthy three-page
document, all the information was considered relevant and required for the
potential participant to make an informed decision to proceed, or not, with the
study.
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3.7.5 Implied consent for on-line survey
Implied consent was preferential for the survey phase so that the parent
participants would not be required to include their or their child's name on their
survey. Implied consent was considered provided after the participant read and
understood the survey phase PIS, then voluntarily proceeded to complete and
submit the on-line (or post the hard copy) survey/s. Although the participants
remained anonymous to the research team by name, additional issues specific
to rare disease research have been considered in section 3.4.
The number of Australian families, but particularly the New Zealand families,
affected by NCL is relatively small comparative to more common childhood
diseases. Other countries with a higher prevalence of NCL (Moore et al., 2008),
or with a much higher population (Sleat et al., 2016), have more children
diagnosed with the disease than A&NZ. Anonymity and confidentiality are of
greater concern in rare disease research (Augustine et al., 2013), and especially
in small study populations.
3.8 Sample
3.8.1 Purposive sampling
Purposive sampling refers to an intentional selection and preferential inclusion of
the subject of interest (Coolican, 2014). It is a method of non-probability sampling
that essentially limits results from this study as only being applicable to this A&NZ
NCL population. Selection bias is openly acknowledged with this method of
purposive sampling, where the respondents are actively and specifically selected
if they meet the inclusion criteria (Acharya, Prakash, Saxena, & Nigam, 2013).
US-based pilot and ongoing studies have used a similar method of nonprobability sampling by utilising a convenience sample from the participants
present at annual family BDSRA conferences (de Blieck et al., 2013).
The student researcher’s intention was to selectively recruit participants with
children of any NCL disease type in Australia or New Zealand and this was
broadly achieved. As the research was designed for parents to opt into the study
on a voluntary and anonymous basis, purposive sampling was not possible.
Participants of children with rarer NCL diseases in A&NZ such as CLN5 were
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likely to be limited in numbers. The study design was unable to recruit specific
minimum numbers for each NCL disease subgroup or a participant representative
from each geographical region, state, and country. Therefore, the study design
did not meet the criteria for purposive sampling in either the consultative or the
survey phases.
3.8.2 Study population
This study was open to current residents of Australia or New Zealand who were
parents or legal guardians of children, teenagers, or young adults who are living
or deceased, with any childhood-onset NCL disease. This provided a potential
parent population of 130 Australian and 20 New Zealand children. A lesser
number of families were anticipated because some parents have two, or possibly
more, affected children. There may be families in Australia or New Zealand who
have, or have had, three children diagnosed with NCL.
This study design considered the difficulty of an exclusion criteria based on
whether a participant's child was no longer alive. Many families are known to each
other through various social media channels and the BDSRA both in Australia
and internationally, so they would likely become aware if they were excluded from
the study for this reason. This was pertinent when considering families whose
child had already died and they have another diagnosed child who may, or may
not, be symptomatic.
A more inclusive approach was undertaken to incorporate all family subpopulation groups. This broader study population encompassed any families in
Australia or New Zealand who presently have, or previously had, a child or
children diagnosed with NCL in the past five decades. Some families may have
been overseas to enable their child to participate in a clinical trial or undertake an
approved treatment, this was an exception to the inclusion criteria of residency.
This specific point was explained in the survey phase PIS and the introductory
page of the NCL survey.
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3.8.3 Sub-populations
A complex aspect of this study was acknowledging each family's relatively unique
situation along a continuum ranging from the death of their child or children
several decades ago, to a more recent bereavement. Some families are faced
with the death of one child, whilst another child is deteriorating with the disease.
It is not uncommon for families to have two older affected children in their late
teens or early twenties with the more attenuated juvenile form of CLN3, or a late
onset or delayed phenotype of another NCL disease.
One question in Part B of the survey examined whether families had another
asymptomatic child or children who may be a potential or confirmed carrier of the
NCL gene. Alternatively, they may have a child who is possibly at-risk of
phenoconversion to NCL, and this child would more likely, but not necessarily, be
younger than an affected sibling. This would be a significant concern for parents
and potentially have serious implications for these families. There were at least
eight separate family sub-populations that were determined prior to the study, but
they are not distinct. Parents may merge from one category at a point in time if
they have two affected children, and this would change with the death of one of
their children. Eight pre-identified sub-populations are outlined in Table 6.
Table 6: Study sub-populations
1. Parents whose child or children with NCL has/have died.
2. Parents of a child or children who is/are presently affected by NCL.
3. Parents of both a child who has died and another affected child.
4. Parents of an asymptomatic child at risk of NCL
5. Parents of children who are potential or confirmed carriers of the NCL gene
6. Families with a symptomatic yet not genetically diagnosed child
7. Families with a child who has a pre-symptomatic genetic diagnosis
8. Parents of a child (symptomatic or pre-symptomatic) with a genetic diagnosis
of NCL who is undergoing a clinical trial or a therapeutic treatment.
Based on the Mendelian probability of recessive inheritance, potentially each
child born into these families whose parents both carry the NCL gene would have
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a one in four chance of being affected by the disease. There is also a one in four
chance of each child being neither affected nor a carrier of the NCL gene.
Additionally, there is a one in two chance that each child born to a family would
not be affected but would be a carrier. Figure 12 provides an overview of the
genetics of an autosomal recessive mode of inheritance for childhood-onset NCL
diseases (www.bdsra.org/wp-content/ uploads/2017/04/ bdsra_inheritance.pdf).

Figure 12: Genetic inheritance of Batten disease or NCL
(reprinted with permission www.bdsra.org).
3.8.4 Minimum response rate
A 65 percent response rate in the survey was optimistically anticipated. This
equated to an estimated minimum of 100 completed surveys, including duplicate
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surveys regarding one child from both parents. The A&NZ NCL population is
relatively small compared to other more prevalent childhood diseases.
Regardless, it was the proportion of the NCL parent population that was expected
to participate, corresponding with similar response rates of other studies. An
example is the participant response rate of 60 percent reported in a study
regarding the educational needs of adults with Cystic Fibrosis (CF) (McDonald,
2008).
We identified two aspects of this study that were anticipated to negatively impact
the participant response rate. Firstly, it was not possible to advertise the study
and recruit potential participants from a centralised medical facility. Secondly, the
number of potential participants may have been overestimated due to a lack of
recent and accurate NCL incidence or prevalence data in Australia or New
Zealand. A recently published document presents an incidence of 1:135,000 live
births and 35 reported cases of children with CLN2 in Australia, during the years
2000 - 2016 ((PBAC), July 2018). The CLN2 and CLN3 genotypes were
anticipated to be the most common NCL disease types identified in this A&NZ
population, in alignment with UK (Verity et al., 2010) and US figures (Sleat et al.,
2016).
It was likely that some parents, particularly after the death of their child or
children, may have opted not to remain in contact with the family association
BDSRA. Potentially, these parents would have been unaware of this study. This
aspect of recruitment could adversely influence participation in the study and had
the potential to impact non-participatory bias. In a study regarding genetic testing
of children with Batten disease (sic), Adams et al. (2014) reported a limited 17%
participation rate from a potential pool of 1,100 North American-based families
and other individuals registered with BDSRA. The authors discuss that families
affected by NCL form only a portion of the US-based BDSRA membership and
additionally this could include researchers, educators, and others who are also
members. This would be contributory to non-participatory bias when accessing
BDSRA membership for potential recruitment of parents of children affected by
NCL.
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3.8.5 Duplicate surveys
This study has been designed so that two parents could complete one survey
together, an individual parent may complete it, or both parents could each
individually opt to submit a survey for the same child. This latter option was
particularly inclusive of separated or estranged partners, who may both
individually consider participating in the study. During data analysis, these
duplicates were linked to the one child by their unique family code explained in
section 3.5.10.
The answer to question one in the survey alerted the research team to this
possibility of dual surveys linked to the one child, independently completed by
different parents. This duplicate data can be assigned to a single child and crossreferenced for internal consistency. Discrepancies or aligned results from two
parent's surveys regarding the one child would be scrutinised. Statistical
techniques, such as Cronbach's alpha, could be applied to duplicate surveys
regarding one child, as a method to gauge the internal validity of the survey
(Kawasaki, Baba, Takeda, & Mori, 2016).
3.8.6 Secondary recruitment
If a minimum of 50 percent participation rate (equivalent to 75 surveys) was not
reached during the month that the survey was open, then a secondary
recruitment period was designed into the study protocol. The study was to remain
available for a second period before the survey phase would be closed. This was
included in the study protocol prepared for HREC, and the BDSRAA were
consulted regarding this possibility. This was required in this study as the first
month yielded a limited number of participants and several incomplete surveys
were submitted. Secondary recruitment was undertaken for a further week, which
slightly improved the participation rate.
The decision to keep the study open for a concise period was supported by the
research team, and a peak response rate was identified within six weeks after a
study on rare cardiac diseases had opened (Schumacher et al., 2014). A timely
period of recruitment is supported in the literature (Augustine et al., 2013), which
is focused on promoting awareness of the study. Internet-based recruitment in
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rare disease studies (K. Johnson, Mueller, Williams, & Gutmann, 2014) and the
use of patient disease registries is advocated when available (Augustine et al.,
2013; Dickson et al., 2011).
3.9 Variables
3.9.1 Primary and secondary outcomes
The primary outcome of this study was the diagnostic timeline from the onset of
signs and symptoms until a child in this A&NZ population was diagnosed with
NCL. Individual NCL diseases were examined separately and as a group. The
secondary outcome was a subset of the primary outcome of this study. This was
the time frame from the onset of investigations including specialist referral time,
until the diagnosis of NCL was confirmed.
3.9.2 Diagnostic criteria
A clinical, histopathological, enzymatic, and/or genetic NCL diagnosis of their
child or children was a requisite for parent participation in this study. Diagnoses
made prior to the late 20th century, were particularly dependent on a clinical
diagnosis supported by histopathological results. More recent diagnoses are
usually confirmed by an enzymatic assay for the relevant CLN1 and CLN2
diseases, and/or a genetic diagnosis. Not all diagnoses of NCL can be genetically
confirmed if the mutations are not yet identified (Mole & Cotman, 2015). It is
important to note the study results did not include confirmatory clinical records,
histopathological results, enzyme studies, or genetic results of each child. This
decision was based on maintaining participant and family anonymity in this A&NZ
cohort.
3.10 Measurement
3.10.1 Measurement for each variable of interest
Time to diagnosis was measured using the nominal categories of years, months,
and weeks when applicable.
3.10.2 Comparability of assessment methods for more than one group
The diagnostic delay was calculated in months for the two larger subgroups of
CLN2 and CLN3, for the variables of age of onset (AO), age of investigations
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(AINV), and the age of diagnosis (AD). The age investigations were initiated are
included in the diagnostic delay (DD). The DD was determined by the calculation:
•

AD - AO = DD (months)
3.11 Bias

3.11.1 Efforts to address potential sources of bias
Selection bias: Potential selection bias in this study arose from the population
of parents remaining connected with the Australian chapter of BDSRA, who may
differ from parents who were no longer affiliated with this family association. The
former would more likely have knowledge of this study, whereas the latter group
of parents may not become aware of the study through this main avenue of
advertising the study. Even after the death or their child or children, some families
remain connected with BDSRA for various reasons such as parent support and
sibling

advocacy

provided

by

the

family

association

(www.bdsra.org,

battens.org.au). These factors may have been a potential source of selection and
non-participatory biases that could have negatively impacted the purposive
sampling of participants.
Non-participatory bias: The on-line survey may have been technologically or
financially prohibitive for some parents who decided against participating in the
study, including having no internet access on a computer. Alternatively, the
REDCap® survey site was accessible using a mobile telephone with internet
access. The option for families to request a hard copy/copies of the survey was
designed into the protocol as an alternative for parents who did not wish to
complete the survey on-line. This option was developed to reduce the potential
for non-participatory bias in the study (Mann, 2003).
Sampling bias: There is an active New Zealand chapter of BDSRA that provides
support for families with children diagnosed with NCL in this country. It is a parentrun chapter of the BDSRA family association. A website for the New Zealand
chapter of BDSRA could not be sourced before selecting the three additional
organisations to advertise the study. Potentially, New Zealand participants had
limited awareness of this research since only one New Zealand based
organisation advertised the study. This is likely to have introduced sampling bias
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in the study (Mann, 2003), reducing access to the already limited number of New
Zealand parents eligible to participate in the study.
Recall bias: An anticipated source of bias was the risk of recall bias by
participants (Black et al., 2015; Mann, 2003). This was particularly relevant to
early historical diagnoses where there was a risk of imprecise recall by parents.
It was suggested in the survey phase PIS that parents access their child’s medical
histories or any documents that may assist with their recall, especially regarding
timeframes of symptom onset and diagnosis of NCL. Due to the prolonged
interval between the onset of the disease and the present study for some families,
it was plausible that these documents were no longer available. A question
enquiring whether a medical history was used to support survey answers may
have been informative but was not included due to the length and anticipated
burden of the survey.
3.11.2 Impact of study size
Estimate of study population: Two factors identified prior to study
commencement may have negatively impacted study size. Firstly, the number of
parents with children diagnosed with NCL in Australia or New Zealand was an
estimate provided by BDSRAA from their family registrations. Presently, there are
no available scientific registries in either country to provide accurate and recent
NCL incidence data in children in Australia or New Zealand to the research team.
Secondly, there was no access to a centralised database such as that available
in the UK (www.ucl.ac.uk/ncl-disease), or to medical, and/or research facilities in
which to advertise or recruit potential participants for the study (Adams et al.,
2012; Polvi et al., 2013; Schulz et al., 2015).
Small sample size: Inherent in rare disease research, it is acknowledged that
the small sample size for this study would potentially and negatively impact the
power of the study (Augustine et al., 2013). It was also recognised that results
from this study could only be applied to this current A&NZ population. Although
there may be some corresponding features with available research, the results of
this present study cannot be generalised to NCL childhood populations in other
countries.
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3.12 Study size
3.12.1 Deriving the study size
Australian estimate: A determination of the study population was established
using figures provided by the Australian chapter of the BDSRA family association.
It was estimated that over 100 Australian children with a diagnosis of NCL have
died in the past five decades. It is also an estimate that there are approximately
30 children presently affected by the disease in Australia.
New Zealand estimate: Based on information published by CureKidsNZ
(www.curekids.org.nz), an estimate of four to five children have NCL in New
Zealand in any given year. It was not possible to confirm the number of new
cases, but it would be unlikely to be one child is diagnosed in New Zealand
annually unless two siblings were diagnosed in a single year. There are two to
three times the number of children who have already died in New Zealand, than
the estimate of children who are presently affected by NCL. A conservative
approximation of 20 New Zealand children with NCL during the past five decades,
was added to the estimated 130 Australian children, to derive a potential study
population of 150 A&NZ children.
3.13 Analysis
3.13.1 Statistical Analysis
Categorical variables were summarised by frequencies and percentages. Data
were summarised according to normality. Continuous variables with nonparametric distribution were presented using median and interquartile distribution
(Q1, Q3), and if applicable, normal distribution as mean and standard deviation
(SD). For any NCL disease with more than ten percent of the sample, a subgroup
analysis was performed (Vieira et al., 2008), which included CLN2 and CLN3.
For these two gene groups (CLN2, CLN3); medians (interquartile Q1, Q3) were
calculated for each continuous measure of interest. P-values for diﬀerences
between variables in CLN2 and CLN3 individuals were determined using
Wilcoxon rank-sum testing for medians; unequal variances were observed in the
two-sample t-test for age of onset such that the corresponding p-value was
calculated using the Satterthwaite method while exact p-values for the Wilcoxon
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rank-sum tests were produced due to small sample sizes. Log-rank test statistics
were used to determine whether Kaplan-Meier transition curves differed amongst
the CLN2 and CLN3 subgroups. Cox proportional hazards models calculated
univariate hazard ratios for shorter survival using age at disease onset as a
continuous variable. Conversely, clinical phenotype and the development of early
symptoms were designated as categorical variables.
Using the Kaplan-Meier method, survival function estimates of time to disease
diagnosis (in months) were produced for the overall cohort and compared by two
separate gene groups - CLN2 and CLN3 gene groups; corresponding plots with
numbers of participants at risk over time were also generated. In this context,
survival probability corresponded to diagnosing disease. Variables related to
initial symptoms were presented as frequency (percent) statistics where
appropriate. Baseline evaluation measures were compared using the Student's
T-test or Mann-Whitney test as appropriate. All statistical analyses including
Kaplan-Meier plots were conducted using SAS v9.4 (SAS Institute, Cary, North
Carolina, USA). P value < 0.05 was used to indicate statistical signiﬁcance.
3.13.2 Cohort characteristics
Characteristics of the children reported by A&NZ participants were outlined using
descriptive statistics for the total study cohort (n = 26). Two children with a
facilitated pre-symptomatic diagnosis of older siblings diagnosed with CLN3, and
the foster child with an indeterminable age of onset of CLN3, were not included
in the analysis cohort.
3.13.3 Groupings selected for this study
•

different NCL diseases were used as groupings for the study

•

clinical and histopathological, enzymatic assay, and/or genetic diagnoses

•

decades of diagnosis were grouped to identify trends for diagnostic times

•

demographic comparisons of Australian and New Zealand families
3.14 Subcategories of data

3.14.1 Descriptive and outcome data
Table 7 are the sub-categories extracted from the descriptive and outcome data.
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Table 7: Sub-categories of the data
Descriptive data:
• Child and parent demographics of each classic or variant NCL disease
• Proportion of children diagnosed with each NCL disease
Outcome data:
• Variances of age of symptom onset and age of diagnosis between disease types
• Median differences in diagnostic delay between the CLN2 and CLN3 subgroups
• Comparisons between the A&NZ NCL childhood populations

3.14.2 Free text
Participants could additionally provide free text during the survey phase of the
study. This option was added to many of the diagnostic questions after the
feedback received during the consultative phase of the study. This content was
collated by the student researcher and assigned to similar responses.
3.14.3 How missing data were addressed
Simpson et al. (2014) discussed the potential for complex questions to be
overlooked or not answered in surveys by participants, particularly regarding
genetic testing. It was preferential to have a small amount of missing data, rather
than participants being obligated to answer all questions.
3.14.4 Database entry
Surveys submitted via the REDCap® platform were monitored for duplicity and
entirety. No hard copies of surveys were completed. The surveys received online were automatically transferred into the electronic database through
REDCap® and downloaded into Excel® before the data were cleaned.
3.14.5 Storage of data
The informed consents and written feedback received from the consultative
phase, and any other identifying information were appropriately stored in a locked
storage facility at the UoN. No hard copies of the survey were received from any
participants. Study data will remain securely stored for a period of five years
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following study closure as required for quantitative data. The only documents with
participant names were the signed consultative phase and organisation consents.
The consent forms received from key informant participants were kept separately
to the de-identified comments from the consultative phase participants. The
signed organisation consent forms for advertising the survey phase from
managers or presidents were stored appropriately.
3.14.6 Data protection
Particular attention was taken with the care, safety, and storage of the student
researcher’s portable computer and any other material related to the storage of
data. The computer is password locked and securely stored. Data storage was
appropriately deposited in the UoN approved storage ‘OneDrive’ facility, with a
secondary back-up source of the data. Once data collection commenced, all
information was stored at the UoN Callaghan campus and appropriately locked
in the post-graduate facility provided for the student researcher.
3.15 Ethics
3.15.1 Ethics application
Ethics approval was granted in April 2018 (H-2018-0059) with minor amendments
to both phases of this study. The study was conducted in full accordance with the
principles of the National Statement on Ethical Conduct in Human Research
(National Health and Medical Research Council, 2015). The research was
undertaken with the utmost professional responsibility and sensitivity of this
potentially vulnerable population. A flow diagram of the study phases, thesis
timeline including consecutive ethics applications, and the research budget have
already been provided in Appendices 1- 3.
3.15.2: New Zealand participants
The UoN HREC approved inclusion of the limited number of New Zealand
families participating in the survey phase of the study.
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Chapter 4: Results of the consultative phase

4.1.1 Key informants

In the following chapter, I report the results provided by three key informant
parents during the consultative first phase of the study. A description of the
participants precedes a summary of the feedback received during this first phase
of the study. Amendments to the draft survey phase PIS and NCL survey
suggested by the key informants and the research team were assessed and
incorporated into the draft documents as summarised. The chapter concludes
with a summary on how these changes were integrated into the final draft survey
phase PIS and survey.
The parent key informants who could potentially participate in the consultative
phase of the study were sought from the committee members of the Australian
chapter of BDSRA. The individuals on the BDSRAA committee could vary
annually or within shorter intervals, but it was unlikely there were more than six
individuals. The devised study protocol stipulated a maximum of six couples or
12 individuals to participate in the consultative phase, but this number was not
reached. As key informant parents opted into the study, it was not possible to
identify reasons for non-participation.
4.1.2 Key informant response
Three individuals returned an email to the student researcher during late 2018
and early 2019 indicating their intention to participate in this consultative phase.
4.1.3 Participant signed consent
Each potential participant was emailed three documents. These were the letter
regarding feedback, the consultative phase PIS and consent form. After returning
their signed informed consent to the student researcher via email, participants
were provided the draft survey phase PIS and the NCL survey to individually
appraise. They were provided the instructions for appraisal in the letter of
introduction requesting they identify any questions in the survey that were
confusing.
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4.1.4 Consultative phase participants
All three participants were female and current members of the BDSRAA
committee at the time of the study. Participant confidentiality was assured by the
research team and stipulated in the written consent. No further details were
sought from the participants except that they were parents of a child or children
diagnosed with NCL, who may have been currently affected or have died. No
participants in the consultative phase withdrew from this initial stage of the study.
Key informant parents provided their feedback on the survey phase PIS and the
NCL survey prepared for second phase of the study.
4.2 Feedback regarding the PIS
The only feedback received regarding the draft survey phase PIS was provided
by the first key informant - K1. The last paragraph on page one described 'presymptomatic genetic diagnosis' of other children they may have. This parent
discussed that participants may interpret 'pre-symptomatic genetic diagnosis' as
also referring to pre-natal testing and “could be confusing”. This sentence
describing Part B of the survey was adjusted to be less ambiguous. It was altered
to '…genetic diagnostic testing of your other children (with or without symptoms)'.
Pre-natal testing was not enquired in this study.
4.3.1 Draft NCL survey
Each participant was provided the draft NCL survey in a PDF format.
Unfortunately, the on-line survey was not accessible on the REDCap® platform
at the time of the consultative phase. An interactive survey would have allowed
the key informants to test the functions and options of the questions with
branching logic, then erase their answers.
4.3.2 Survey question five
Question five was identified by the research team as a question that could
potentially cause distress as it asked about whether their child was currently
affected by NCL, and if not, if their child had died. None of the key informants
reported a lack of sensitivity regarding this specific question enquiring if their child
had died.
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4.3.3 Key informant feedback
Some of the feedback provided by key informants was specifically about words
or phrases within a question in the survey that could be interpreted as ambiguous.
Other feedback was broader, such as the overall suitability of some diagnostic
questions for a slower-onset NCL disease. Specific feedback related to:
Speech delays in CNL2: The feedback received from the second key informant
- K2 acknowledged their child experienced “speech delays” before a CLN2
diagnosis. This parent discussed they “only recognised this symptom in
hindsight”, referring to her son’s “speech delay at two and a half years of age”. It
highlights that K2 retrospectively identified this sign in their child, but not at the
time.
Diagnosis of epilepsy prior to CLN2: This same parent K2 described the first
diagnosis of epilepsy that was provided for their child as “not incorrect but not
precise”. This comment emphasised that some diagnoses were not necessarily
incorrect but were not complete diagnoses either. Epilepsy is an example of an
incomplete diagnosis provided before NCL, and more commonly CLN2 (Fietz et
al., 2016). This was the case for both key informants of children with CLN2.
Allied health professional review: Key informant K2 referred to “speech
pathology” intervention and an “autism spectrum assessment” undertaken for
their child. This parent detailed the assessments and interventions their child
underwent for the subtle speech and socialisation signs their child was displaying.
Medical investigations only commenced after her son had his first seizure. It is
important to note that this would be expected at this stage and it is unlikely
investigations for CLN2 would have commenced based solely on language
delays and autistic features identified in a young child.
Two types of diagnostic delays are discussed in the literature and contributory to
the delays reported by key informants during this consultative phase of this
present study. The first is a diagnostic delay because not all of the early signs
and symptoms have yet become evident, in terms of symptom expression. This
sort of delay is not contributed to by deficiencies in a medical or allied health
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professional assessment but rather more of the picture needs to emerge. It is
acknowledging that a clinician is unlikely to consider or commence testing for
CLN2 disease based on isolated language delays or autistic features in a child,
potentially causing undue worries for families and unnecessary testing.
Contributing to these delays are the alignment of many early signs and symptoms
of NCL with common disorders, and sometimes rare diseases, identified during
childhood. In contrast, a period of diagnostic delay that could potentially be
reduced is the failure to put together key symptoms into a unified pattern. For
example, a history of language delay and possibly regression with new-onset
unprovoked seizures in a pre-school age child warrants CLN2 disease workup.
Developmental standstill and ataxic gait may be other clinical signs of this
emerging NLC disease (Fietz et al., 2016).
Two different allied health professionals reviewed this child of the K2 parent with
speech delays and autistic type features, before the onset of seizures and their
child’s CLN2 diagnosis. Impact on this child’s socialisation and communication
skills, prompted screening for autism.
Medical provision of the CLN2 diagnosis: The K2 parent described the
delivery of their child’s diagnosis of CLN2 as “terrible”. The doctor said things like
“there is no hope”. During this meeting, the parents were asked “had they
considered having another child?” The “doctor cried” and then “tried to call an
end to the meeting within 5 minutes”. This feedback of the provision of diagnosis
reinforced the need to consider other aspects of diagnosis, additional to having a
support partner with a parent. This key informant’s feedback prompted the
inclusion of a free text option in the response to question 41 of the survey
regarding whether the parent had a support person with them at the time they
received their child’s NCL diagnosis. It also allowed the participant to provide
greater detail about the circumstances how they were provided the diagnosis.
Genetic testing of other children: The K2 parent described how the “hospital
refused” to allow the family to undertake carrier testing of their affected child’s
sibling. The family “would have definitely tested if the hospital permitted” and “we
wanted to” proceed with genetic testing but were not allowed to. This family’s
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child’s diagnosis was only confirmed within a few years of this 2019 study being
undertaken. This relatively recent diagnosis of CLN2 highlights difficulties families
may still face to test their other children, either carrier or predictive genetic testing,
which is not necessarily supported by some medical professionals and hospitals.
4.4.1 CLN3 disease
Slowly evolving NCL disease types: The third key informant parent - K3
provided feedback that could improve the suitability of the survey for a child with
a slower evolving NCL disease such as CLN3. This parent discussed how the
symptoms of CLN3 “are so gradual and subtle that they go unnoticed”. They
suggested that “some of the questions in the survey do not reflect this very
gradual process”. This parent specified the questions in domain two of Part A of
the survey regarding their child and their symptoms did not “reflect their
experience” of a slower evolving NCL disease.
Extensive feedback from K3 suggested adapting the answer options for a slower
evolving genotypes of NCL such as CLN3. This feedback included “due to the
gradual changes” in their child, “a yes/no answer” did not apply to their experience
at the onset of CLN3. This parent explained “we did not see ‘changes’, but I did
notice things that made me wonder and worry and it was more of a ‘slowing’ of
development”.
To address this aspect of the survey, branching logic was added in domain two
to increase the answer options for the diagnostic questions that were originally
available. This was achieved by inserting an answer option as 'other', and then
adding branching logic to allow the participant to enter explanatory free text as
required. The onset of CLN3 was described as ‘not linear and quick and obvious”
by this parent, as it may be for other NCL diseases. This is sharply contrasted
with the sudden “onset of seizures” reported by both the K1 and K2 participant
parents regarding their child with CLN2.
4.4.2 CLN3 diagnosis
Differences between CLN2 and CLN3 onset: The K3 parent provided an
encompassing overview of their child’s diagnosis of CLN3. There are noteworthy
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differences between CLN2 onset, compared with CLN3 that this parent
expressed. The initial progression of CLN3 in their child was described by K3 as
“slower” than expected in “CLN2”. In contrast to distinctive indicators such as
seizure onset with CLN2, there are few tangible landmarks associated with “visual
loss” described by the K3 parent regarding the early progression of their child’s
CLN3 disease.
Greater awareness of NCL: A profound need to “educate medical professionals”
about the different disease types incorporated by “Batten Disease” was reported
by K3. Primary health care professionals including GPs, but especially
ophthalmologists, could potentially impact the diagnostic delay children with NCL
currently experience, but was particularly relevant for families with CLN3 disease.
K3 expressed what she would like health professionals to know about CLN3
onset:
“I think this is what doctors need to know. Unfortunately, even after
rapid vision loss, our doctors were still confusing the CLN3 symptoms
with CLN2 symptoms. So for effective early diagnosis. I think it is vital
that doctors recognise that Batten Disease is not a disease, but an
umbrella term and that the early symptoms are very different”.
“Umbrella term” for Batten disease: The K3 parent who referred to Batten
disease as an “umbrella term” for all NCL diseases, concluded they are ‘the
same, but different’. This parent highlighted that when “grouped together”, the
different disease types are unfortunately merged and confused with each other.
She had well-meaning friends tell her about the “treatment for Batten disease”,
despite informing them repeatedly that her “child’s type of Batten disease was not
the one with an available treatment”.
Pathology: This parent expressed the need for medical professionals, including
“pathologists”, to be aware that there is a blood test for “vacuolated lymphocytes”
that could potentially assist with an earlier diagnosis of CLN3.
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Speech delays not confined to CLN2 disease: Although both the K1 and K2
parents discussed the speech delays that emerged in their child before a CLN2
diagnosis, speech deficits were also evident for this child with CLN3. The K3
parent referred to:
“things I was noticing were her using the ‘opposite word’ to the word
she wanted, word retrieval difficulties, behavioural problems, colour
blindness, language difficulties. Looking back on her speech therapy
assessments, she continued to make progress but at a slower rate
each year. This was not obvious at the time to therapists”.
This child’s deterioration of speech before a CLN3 diagnosis was subtle and
described by the parent as a “slower rate” of progress, despite speech therapy.
4.5.1 Delivery of diagnosis
The original question 41 in the survey only enquired whether a parent had a
support person or partner with them when the diagnosis of NCL was provided to
the parent/s. The K2 parent emphasised that the diagnosis of NCL could be
provided in less-than-ideal circumstances, despite “having their partner with
them”. This consultative phase also highlighted that even with a support person
or partner with them, the diagnosis could be still provided in a sub-optimal manner
as it was described by the K2 parent.
The K2 parent conveyed a potential lack of sensitivity, emotionality of the
physician, and the medical consultation being prematurely terminated within “five
minutes” just after the diagnosis of NCL was delivered. The feedback provided
by K2, prompted adjustment of the survey questions to additionally explore where
the parents were at that time, who they were with, and how the diagnosis of a lifelimiting disease such as NCL was provided to parents. Although the delivery of
diagnosis was only broadly explored with these survey questions, it could benefit
from further qualitative exploration of parent’s experiences.
4.5.2 Future qualitative research
Key informant K3 suggested the need for qualitative research into NCL diagnosis
and stated that it was difficult to cover all aspects of NCL diagnosis in a
125

“quantitative survey”. The key informants were well informed and aware of
research methodology differences. A “qualitative” study of NCL diagnosis
suggested by this parent remains a potential avenue for future investigation,
although some qualitative advances have been made specifically in regard to
NCL diagnosis (Malcolm et al., 2012).
4.6 Feedback of the Part B survey
Specific feedback was received from one key informant for Part B of the survey.
Reference to 'pre-symptomatic' testing in Part B originally focused only on
'younger' siblings. Following feedback from K3, question 52 was broadened to
include any child in the family being tested. This key informant advised that
parents may still opt to undertake predictive genetic testing of “older siblings” of
their affected child or children. Despite potentially ‘at-risk’ children already
progressing beyond the age of onset of an affected younger sibling, this parent
discussed “we had our ‘older’ children tested” to “ensure they didn’t have CLN3”.
4.7 Incomplete diagnoses
Key informant K2 suggested they needed to explain their child was initially given
“not an incorrect” diagnosis of epilepsy, but it was not “a precise” diagnosis. The
seizures in a young child may initially be determined to be febrile-related or
another erroneous condition. The K1 parent of a child also diagnosed with CLN2,
discussed their child’s initial seizures were at first incorrectly designated to be
“febrile-related”. This participant also described “a diagnosis of retinitis
pigmentosa” was initially provided for their child but it was only after the onset of
seizures, that investigations for “Batten disease” began.
4.8.1 A bimodal onset of symptoms for CNL3
The K3 participant reported their child’s subtle vision loss occurred “over many
years”, before the delayed diagnosis of CLN3. This child’s vision loss was
protracted, and other signs and/or symptoms became more obvious to the parent
such as speech changes, then some waned. The slow progression of symptoms
for the child of K3, was in sharp contrast to the children of the K1 and K2
participants. These two children had a distinct and objective onset of a first
seizure preceding the diagnosis of CLN2. Incorporating K3’s feedback, it was
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important that parents would be able to describe a longer evolution of the disease
onset in their child or children in their survey responses.
4.8.2 A slowly evolving genotype such as CLN3
The key informant whose child had slower evolving CLN3 disease, “which is very
different to CLN2” discussed how it was more difficult to answer the quantitative
survey questions accurately. The K3 participant described how their child’s
symptoms “are so gradual and subtle that they go unnoticed”. It was hard for this
participant to isolate the actual onset of symptoms that emerged in their child to
a narrow date. “Some of the questions in the survey do not reflect this very
gradual process”.
Currently, natural history studies regarding an increasing number of disease
types are being undertaken in the EU and US for children with NCL. Key
informant K3 discussed the difficulty to “not have large numbers” to gain enough
participants with each NCL disease for a ‘quantitative survey” in the Australian
context.
4.9.1 Review of feedback by the research team
The feedback from the consultative phase participants and the summation
provided by the student researcher were examined by the research team. No
feedback required negotiation as consensus was achieved between the research
team members. All suggestions received from the key informants were
incorporated into the final draft of the survey phase PIS and NCL survey.
Feedback received from the three key informants was constructive and
informative. It reinforced that the questioning was more appropriately directed for
CLN2 disease with a rapid onset, than for some other NCL disease types.
Comprehensive feedback received from the parent of a child with CLN3, resulted
in adjustments including branching logic being added to the available responses
for the diagnostic questions. It was important that parents could describe a slower
evolving genotype or phenotype of NCL their child may have presented.
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4.9.2 Additional question
During the review of the consultative phase data, it was suggested by a member
of the research team to include a question regarding any concurrent conditions a
child may have been diagnosed at the time, or before NCL. Therefore, question
47 was reintroduced at the end of Part A of the survey enquiring whether any
other diseases, transient illnesses, or co-morbidities had been previously or
concurrently and accurately diagnosed in their child or children. It was possible
that the presence of a specific condition or disease may contribute to masking
presentation and/or delaying the diagnosis of NCL. This last question differed
slightly to questions 24 and 32 in Part A of the survey that enquired what, if any,
incomplete or incorrect differential diagnoses were made prior to, or instead of
the confirmed diagnosis of NCL.
4.10.1 Amendments to documents
Following the key informant's feedback, the survey phase PIS and NCL survey
were amended as suggested, strengthening the survey design. A summary of the
participant’s suggested changes is provided. The three key informants made the
following suggestions regarding details of the documents they found that were
confusing or potentially ambiguous. Table 8 provides a summation of the changes
made to the survey phase PIS and the NCL survey as a result of the consultative
feedback.
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Table 8: Amendments to the survey phase PIS and NCL survey
Feedback of draft survey phase
PIS

Amendment

1. The term ‘pre-symptomatic’ was
confusing on page 1 survey
phase PIS

The sentence and definition modified to be less
ambiguous – '…genetic diagnostic testing of
your other children (with or without symptoms)'

Feedback of draft NCL survey

Amendments

2.

Added 'other' if an alternative answer was
required

Answer options limited

3. Allow free text after selecting Added ‘free text’ option if needed
'other' answer option
4.

Incorrect initial diagnosis

Added an option to include first incorrect or
incomplete diagnosis if applicable

5. Subtle onset of disease types Additional information regarding a slow and
such as CLN3
insidious onset added as ‘other’ free text option
6. Bi-modal emergence of a slowly Additional information to describe an emerging
progressing
genotype
or and re-emerging pattern of disease onset added
phenotype of NCL
as ‘other’ free text option
7. Allow free text during
diagnostic questions

the ‘Free text option’ added to additional text if
needed after diagnostic questions

Q 41. Additional questions regarding Option added for participants to include ‘where’
the provision of the NCL diagnosis
they were and ‘who’ they were with at diagnosis
Q 47. Additional question regarding
other diagnoses suggested by
research team member

An option to include a ‘co-morbidity’ concurrent
with, or prior to a NCL diagnosis was added to
the last question in Part A of the survey.

Q 52. Part B: Initial question referred This question was altered so it did not
to only younger siblings ‘at-risk’ being specifically refer to ‘younger’ only ‘at risk’
tested.
children but was more general to include any
child in the family.

4.10.2 Ethics variation after the consultative phase
A link to the privacy policy of REDCap® was added to the survey phase PIS on
the direction of HREC. This document summarised the security systems in place
to protect the privacy and data of participants undertaking research using the
REDCap® platform accessed through HMRI, Newcastle, Australia. This link
provided additional detail to the privacy statements already available on the
survey phase PIS.
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4.10.3 Family ID code
All participants in the consultative phase indicated they had one child diagnosed
with NCL. Question four enquired whether a family would be completing a second
survey for another affected child. After the consultative phase, branching logic
was introduced as it was a method to link surveys about siblings to the one family.
If the parent indicated they would be completing a second survey, they were
directed to a second part of the question. The participant was asked to disclose
the birthplace (town or city) of the mother of the child referred to in the survey.
This identical location would be entered on a second survey the same parent
submitted regarding another affected child in their family.
4.11 Summary of the consultative phase results
Survey phase PIS: Except for adding a link to the REDCap® privacy policy
(requested by HREC), there was only one other change made to the survey
phase PIS utilising feedback suggested from one key informant parent. The
paragraph regarding pre-symptomatic genetic testing in the survey phase PIS
was modified to be less confusing for potential participants. Pre-symptomatic
or predictive testing was changed to ‘genetic testing of other, usually younger
siblings (without symptoms), of affected children’.
NCL survey: Key informant participants during the consultative phase also
provided valuable input regarding the draft NCL survey. Predominantly, there
was a need to introduce more choices in answers to adapt the survey for a
slower evolving genotype such as CLN3. An 'other' option was added in the
answers to the majority of diagnostic questions. A free text option was also
added, so participants could elaborate on an answer if required.
From the feedback received during the consultative phase, pre-symptomatic
predictive testing may also be considered for older children (who may presently
be asymptomatic but still at-risk for NCL), perhaps with a later and slowly
developing phenotype. Question 52 in Part B of the survey regarding presymptomatic genetic testing of ‘other’ children was altered as described.
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4.11 (continued) Summary of the consultative phase results
Although the design of the survey considered many relatively unique features of
a family, it was likely other aspects would emerge during the implementation of
the survey phase. No negative comments were received regarding the time
commitment required to complete the survey. No remarks were received from
the key informants about any ambiguity or a lack of sensitivity of any of the
questions or answer options in the survey. Contributions made by the key
informants in the consultative phase of this study helped adapt the survey for a
variety of NCL diseases. This could be a rapidly evolving and younger onset
CLN1 or CLN2 disease usually during infancy or early childhood, or a more
insidious onset at a slightly older age such as CLN3, rarer NCL variants, or later
protracted phenotypes.
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Chapter 5: Results of the survey phase

Chapter five provides the results of the second phase of this study addressing
the six research questions. The results of the survey phase are presented
according to the STROBE format for quantitative cross-sectional studies (Von
Elm et al., 2007). Within chapter five, the results are presented in the following
format:
1. Participant samples (survey Part A and B)
2. Demographics of parent participants (domain 1 of the survey Part A)
3. Primary outcome: Diagnostic timeline (domain 4)
4. Secondary outcome: Investigations timeline (domain 3)
5. Remaining Part A survey responses:
a. First signs and symptoms of childhood-onset NCL (domain 2)
b. First person to notice initial signs/symptoms
c. Differential diagnoses (domain 4)
d. Supports and social media (domain 5)
6. Collation of free text provided by participants (survey Part A and B)
7. The three domains of Part B of the survey regarding genetic testing include:
a. Carrier genetic testing of a likely unaffected child
b. Carrier genetic testing to determine the mutation of each parent
c. Predictive genetic testing of other children at-risk to develop NCL.
5.1. Participants
5.1.1 Survey participants
The flow diagram presented in Figure 13 summarises the survey participant
numbers. Although 29 surveys were completed, or almost complete, only the data
from 26 surveys were used. Data regarding three children with CLN3, including
the two younger siblings with a pre-symptomatic diagnosis and the foster child
with an indeterminable age of onset were excluded from analysis of the diagnostic
timeline.
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Survey
phase
n = 49
29
completed
surveys

29 children
(27 families)

2 siblings:
presymptomatic
diagnosis

14 invalid
surveys
(~ blanks)

1 foster child:
unknown age
of onset

5
incomplete
surveys
(4 children)

1 additional
duplicate
(incomplete)

26 surveys
used in data
analysis

Figure 13: Number of A&NZ children included in data analysis of survey phase
5.1.2 Participants in the NCL survey (Part A)
The number of participants (including one couple) was 30, regarding 29 individual
children from 27 families. A single survey (1/29: 3.4%) was jointly completed by
both the mother and father of a child. Most surveys (24/29: 82.8%) were
independently completed by the mother of a child, including a foster mother.
Three surveys (3/29: 10.4%) were submitted by the father only. One participant
missed question six and did not specify whether it was the mother and/or father
who completed this survey (1/29: 3.4%). Two sibling pairs were identified in the
study results.
5.1.3 Participants in the NCL survey (Part B)
Of the surveys submitted by parents regarding 29 children, most participants from
27 families (25/27: 92.6%) also completed Part B of the survey. Parents were not
required to complete Part B on another child’s survey (two sibships in the study).
Question 48 allowed participants the opportunity to indicate why they did, or did
not, complete the additional 14 questions in Part B. Almost all of the participants
responded that they found genetic testing relevant to their family and completed
Part B of the survey. An additional duplicate Part B survey from one of the
incomplete surveys submitted was not included in these results.
5.1.4 Recruitment periods
Recruitment occurred over two periods of primary and secondary recruitment:
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There were 44 on-line surveys (25 completed Part A) opened or commenced by
parent participants during the primary recruitment period (October 2019). Another
five on-line surveys (four completed) were submitted in the secondary recruitment
during the last week of November 2019.
A total of 49 surveys (Part A) were either initiated only, submitted with a significant
number of missed items, or completed with most or all answers provided. Only
the latter category comprising of 29 surveys that specified the child’s NCL disease
type could be considered for data analysis, of which 26 surveys were included in
determination of the NCL diagnostic timeline in this cohort of A&NZ children.
5.1.5 A&NZ participants:
There were 27 surveys submitted from the Australian arm of the study by 26
different families. Additionally, two surveys were submitted from the one
participant with New Zealand ethnicity. Two different sibling pairs (sibships) with
CLN3 were reported in the complete surveys in this study and were one
Australian and one New Zealand family.
5.1.6 Completeness of the data
Opened surveys: A substantial number of surveys (20/49: 40.8%) were initiated
but not commenced or were incomplete. Ten of these surveys did not include
any, or minimal data (one to four responses). One participant using the same
Child ID code opened five different surveys.
Incomplete surveys: Five surveys (regarding four additional children) were only
partially completed and omitted their child’s NCL disease type in question 34. The
fourth incomplete survey was later completely submitted with the same Child ID
code and included in data analysis. The sixth incomplete survey (a duplicate) was
submitted by a second parent with the same Child ID code for a child with CLN5
included in data analysis. A third sibship was identified in the incomplete surveys
but could not be included in the study results.
Study eligibility: As participants anonymously opted into the survey phase of
the study, it was not possible to pre-screen their suitability or eligibility. The
134

answers to question seven confirmed almost all participant’s current residency in
either Australia or New Zealand. A single exemption indicated a family were
temporarily overseas in Australia to access a possible clinical trial or treatment
for their child.
Study ineligibility: No surveys were submitted regarding an individual with an
adult-onset NCL genotype or phenotype, an exclusion criteria of this study.
Hard copies of the survey: BDSRAA advertised on their Facebook® page that
hard copies of the NCL survey were available, but none were requested. All
surveys were submitted on-line using the REDCap® platform.
5.2 Participant Demographics
This section presents the demographics of the participants and the study
population.
5.2.1 Geographic location of participants
Australia: Of these 27 families in the study, 25 were residents in Australia (25/27:
92.6%) at the time of their child’s NCL diagnosis. One family reported New
Zealand ethnicity (1/27: 3.7%), and one family’s child was diagnosed in a country
other than Australia or New Zealand (1/27: 3.7%). Precise postcode locations are
not specified as they may potentially identify families. The locales of Australian
families are presented in Figure 14.

Australian postcodes
Remote
8%

Town
32%
City
60%

City

Town

Remote town

Figure 14: Remote rural, town, or city locale of Australian residents at diagnosis
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Locality: Localities have been designated as a remote rural location (town),
regional town, or city in Australia. More families were residing in a city (15/25:
60.0%), of which 13 of these families were living in a capital city at the time of
their child’s NCL diagnosis. Eight families indicated they were living in a regional
town within Australia at the time of their children’s NCL diagnosis (8/25: 32.0%).
Two families reported they were living in a town in a remote area at the time of
their child’s diagnosis (2/25: 8.0%).
State or territory: The state or territory location of Australian participants at the
time of their child’s NCL diagnosis are presented in Figure 15. The largest number
of participants reported New South Wales (NSW) residency at the time of their
child’s diagnosis (12/25 48.0%). This was followed by Victoria with six participants
reporting residency in this state at diagnosis (6/25: 24.0%). The remaining states
or territories are provided in descending order - Western Australia (WA): (3/25:
12.0%); Queensland (Qld): (2/25: 8.0%); South Australia (SA): (1/25: 4.0%);
Northern Territory (NT): (1/25: 4.0%); Tasmania: 0; Australian Capital Territory
(ACT): 0.

Figure 15: State and territories of Australian residents where children diagnosed
(www.googlemaps.com).
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New Zealand: The New Zealand participant’s postcode was ambiguous as they
may have been a resident in either New Zealand or Australia when their elder
child was diagnosed with CLN3.
5.2.2 Aboriginal and/or Torres Strait Islander or Maori heritage
The indigenous heritage of the A&NZ parent participants was investigated in this
study. Only one survey respondent identified themselves as indigenous.
Therefore, it will not be specified whether this participant specified Aboriginal
and/or Torres Strait Islander or Maori heritage in order to maintain participant
anonymity.
5.2.3 Ethnicity of parents
Australian population: Predominantly, the ethnicity of parents closely
corresponded with the country of residency indicated in their survey. The
demographics of 26 families in the Australian arm have been examined,
excluding duplicate data from the one Australian sibship:
1. The single foster mother (1/26: 3.9%) and most other mothers (22/26: 84.6%)
who participated in the survey were born in Australia (total 23/26: 88.5%)
2. Only three mothers (3/26: 11.5%) indicated another country of birth, which was
either Asia (2/26) or England (1/26)
3. The majority of fathers (23/26: 88.5%) were born in Australia, the same
percentage of the mothers who were born in Australia
4. Only three fathers (3/26: 11.5%) were born outside Australia, which was either
Asia (2/26) or Europe (1/26).
New Zealand population: The single family with New Zealand ethnicity, reported
one parent was born in New Zealand and the other parent was born on a Pacific
Island. Due to the single participant from New Zealand, specifying this country of
birth could potentially identify this one family.
5.2.4 Ethnicity of grandparents
All respondents (29/29:100%) indicated the country of birth of both the maternal
and paternal grandparents. Excluding the second surveys of sibships,
demographic data from 27 families was compiled regarding both sets of
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grandparents (n = 54 maternal) and (n = 54 paternal). Almost three-quarters of
maternal (40/54: 74.1%) and paternal (40/54: 74.1%) grandparents were born in
Australia (n = 80). Just over a quarter of both maternal (14/54: 25.9%) and
paternal (14/54: 25.9%) grandparents were born in another country (n = 28).
New Zealand ethnicity: Included with the grandparents born outside Australia
(n = 28), are the one family in the New Zealand arm of the study who reported
both maternal grandparents were born in New Zealand and both paternal
grandparents were born on a Pacific Island.
International ethnicity: India was the most reported country of birth outside
Australia of maternal grandparents (4/54: 7.4%), followed by England (3/54:
5.5%). New Zealand (2/54: 3.7%) and Malta (2/54: 3.7%) were the next most
reported countries of maternal grandparent ethnicity.
Both India (4/54: 7.4%) and England (4/54: 7.4%) were equally the most reported
country of birth of paternal grandparents outside Australia. Germany (2/54: 3.7%)
and a Pacific Island (2/54: 3.7%) were the next most reported countries of
paternal grandparent ethnicity. Maternal and paternal genealogy varied slightly
and are presented in Figures 16a and 16b.

(a) Country of birth - maternal
A&NZ grandparents n = 54

(b) Country of birth - paternal
A&NZ grandparents n = 54

Australia

India

England

Australia

India

England

New Zealand

Malta

Netherlands

Pacific Island

Germany

America

Scotland

Croatia

Wales

Figure 16a & 16b: Country of birth - maternal and paternal A&NZ grandparents
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5.2.5 NCL disease types in A&NZ children
Four different NCL disease types were identified in the study results, consisting
of the classic CLN1 - CLN3 diseases, and the late-infantile CLN5 variant (n = 29).
The most frequently reported NCL disease was CLN2, including one historical
late-infantile diagnosis (14/29: 48.3%). This was followed by CLN3 with 11
children (11/29: 37.9%). There were two children reported with CLN1 (2/29:
6.9%), and two children with CLN5 (2/29: 6.9%). Figure 17 displays the proportion
of each disease group reported in this cohort.

NCL diseases in the A&NZ childhood population n = 29
CLN5 n = 2

CLN1 n = 2

CLN3 n = 11
CLN2 n = 14

CLN1

CLN2

CLN3

CLN5

Figure 17: NCL diseases CLN1 - CLN3 and CLN5 in this cohort of A&NZ children
5.2.6 Gene characteristics of the index cases of the A&NZ NCL cohort
The characteristics of this smaller cohort of 26 A&NZ index cases are presented
in Table 9. Just over half, (14/26: 53.8%) of children had CLN2 gene expression.
The CLN3 subgroup (8/26: 30.8%) included only the index cases with a confirmed
age of onset and not the two siblings with a pre-symptomatic NCL diagnosis.
Table 9: Gene classification of the A&NZ study cohort of index cases
NCL Gene (n = 26)

Total (%)

CLN2

14 (53.8)

CLN3

8* (30.8)

CLN5

2 (7.7)

2 (7.7)

CLN1

* excludes foster child and two pre-symptomatic younger sibling diagnoses with CLN3
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5.3 Primary outcome of the study: diagnostic timeline
The primary outcome of the survey phase was the diagnostic timeline in months
from sign and/or symptom onset until the diagnosis of NCL in this cohort of 26
A&NZ children.
5.3.1 Diagnostic delay
Table 10 presents the primary outcome of the diagnostic delay of NCL in these
children. The following calculation was used to determine the diagnostic delay of
the cohort in months, then calculate the median diagnostic delay.
Age of diagnosis (AD) - age of onset (AO) = diagnostic delay (DD)
The median (Q1,Q3) age of onset of this A&NZ cohort (n = 26) was three years
(36 months, (24, 60), and median (Q1,Q3) age of diagnosis was five years (60
months, (47, 84). The median (Q1,Q3) diagnostic delay of this cohort and primary
outcome of this study was two years (24 months (12, 360).
Table 10: Primary outcome of the NCL diagnostic delay in 26 A&NZ children
Primary outcome

Median: yr/mth (months)

Range: yr/mth

(n = 26)*, **

Q1, Q3:

Range (months)

Age of diagnosis

5yr (60mth)

1yr 7mth - 14yr 9mth

(months)

Q1, Q3: (47,84)

(r = 158 mth)

Age of S&S onset

3yr (36mth)

6mth - 11yr

(months)

Q1, Q3: (24, 60)

(r = 126mth)

Diagnostic delay

2yr (24mth)

3mth - 9yr 9mth

(months)

Q1, Q3: (12, 36)

(r = 114 mth)

*excluding facilitated second sibling’s pre-symptomatic diagnoses; **excluding foster child with no available age of onset;
interquartile range: Q1, Q3; month/s: mth; range: r: signs and symptoms: S&S; year/s: yr.

The diagnostic timeline of the two larger CLN2 and CLN3 subgroups and the
combined four NCL disease subgroups (CN1 - CLN3 and CLN5) are presented
in Figure 18. This graph reports the median age of symptom onset, investigations,
and diagnosis for CLN2 and CLN3. For example, the median (Q1,Q3) age of
symptom onset of CLN2 was 31 months (24, 36) with eight months before
investigations commenced at the age of 39 months (36, 48), and a further eight
months until the diagnosis of CLN2 was confirmed at 47 months (44, 60) or three
years and 11 months. The primary outcome of the median age of onset,
140

investigations, and diagnosis for the overall group of NCL diseases is also
provided.
Median diagnostic times of combined CLN1 - CLN3 and CLN5
cohort (n = 26); CLN2 (n = 14); and CLN3 (n = 8) subgroups
100
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90

Age in months

80
71
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60

60

50

48

40

62
47
39

36

30

31

20
10
0

All subtypes

Median CLN2

Median CLN3

Combined NCL disease types, CLN2, and CLN3 subgroups
Age onset

Age investigations

Age diagnosis

Figure 18: Diagnostic timeline of combined NCL disease types, CLN2, and CLN3
5.3.2 Comparisons of the CLN2 and CLN3 subgroups
Median values of the CLN2 and CLN3 diagnostic timelines are presented in Table
11.
Table 11: Median diagnostic timeline of the CLN2 and CLN3 gene subgroups
Characteristic

Class/
Statistic

CLN2 (n=14)

CLN3 (n=8)

p-Value

Age of diagnosis
(months)

Median (Q1, Q3)

47.00 (44, 60)

90.00 (76, 151)

0.0002

Age of onset
(months)

Median (Q1, Q3)

31.00 (24, 36)

62.00 (33, 70)

0.0298

Age of
investigations
(months)
Diagnostic delay
(months)

Median (Q1, Q3)

39.00 (36, 48)

71.00 (58, 72)

<0.0001

Median (Q1, Q3)

24.00 (12, 28)

40.00 (19, 77)

0.0842*

interquartile range: Q1, Q3; *not statistically significant; number in subgroup = n.
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Comparisons between the CLN2 and CLN3 subgroups identified children in the
CLN3 gene group (n = 8) produced higher median values for each variable of
interest, relative to the CLN2 gene group (n = 14). These variables included the
age of diagnosis, onset, and investigations. Wilcoxon rank-sum testing identified
significant differences in medians between the CLN2 and CLN3 subgroups for
age at diagnosis (p = 0.0002), age of onset (p = 0.0298), and age of investigations
(p < 0.0001). However, the difference in median delay in diagnosis between the
CLN2 and CLN3 subgroups was not statistically significant (p = 0.0842).
Age of onset of CLN2 and CLN3: The median (Q1,Q3) age of onset for children
with CLN2 was 31 (24, 36) months or two years and seven months. This is
compared with an older median age of onset of 62 (33, 70) months or five years
and two months for children with CLN3. Results of the Wilcoxon rank-sum testing
of the median age of onset between CLN2 and CLN3 were statistically significant
(p = 0.0298).
Diagnostic delays of CLN2 and CLN3: The median (Q1, Q3) diagnostic delay
of CLN2 was 24 (12, 28) months or two years, whereas the longer CLN3
diagnostic delay was 40 (19, 77) months or three years and four months (Table
11). These figures closely correspond with the Kaplan-Meier plot of the CLN2 and
CLN3 median diagnostic delays (Figure 19). Although not statistically significant,
A&NZ children with CLN3 experienced a 16 month longer median diagnostic
delay, than the children with CLN2 disease. Distinctive features of CLN3 onset
predispose it to longer diagnostic delays than earlier onset and more aggressive
NCL disease types. These differences in diagnostic delays between CLN2 and
CLN3 diseases will be discussed in Chapter 6. It is important to note that age of
diagnosis and the age of investigations are linked to the age of symptom onset,
so these comparisons should not be considered in isolation.
5.3.3 Estimates of Time to Disease Diagnosis
Using the Kaplan-Meier method, survival function estimates of time to disease
diagnosis (in months) were produced for the overall cohort and compared by two
separate gene groups; corresponding plots with numbers of participants at risk
over time were also generated. In this context, survival probability corresponded
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to diagnosing disease. From the overall Kaplan-Meier plot of Figure 19, the
median time to diagnosis estimate for the study cohort corresponded to 24
months (95% CI: 12, 28). The CLN2 gene group exhibited a lower median
diagnostic delay of 24 months (95% CI: 11, 28), compared to an estimated 39.5
months (95% CI: 12, 94) for the children with CLN3 as indicated in Figure 20.

Median time to diagnosis estimate for the study cohort
(n = 26) corresponded to 24 months (95% CI: 12, 28).

Confidence interval: CI.

Figure 19: Kaplan-Meier plot: Time to diagnosis including number at risk
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CLN2 median diagnostic delay estimate of
24 months (95% CI: 11, 28).
CLN3 median diagnostic delay estimate of
39.5 months (95% CI: 12, 94).

Figure 20: Kaplan-Meier plot: Time to diagnosis for CLN2 and CLN3 subgroups
5.4 Secondary outcome
5.4.1 Investigations timeline
The median results of the secondary study outcome are provided in Table 12.
The length of investigations (months) undertaken before a confirmed diagnosis
of NCL for 26 A&NZ children are summarised.
Table 12: Secondary outcome of the survey phase of A&NZ NCL cohort
Secondary outcome

Median: yr/mth (months)

Range: yr/mth

(n = 26)*, **

(Q1, Q3)

Range (months)

Age of diagnosis

5yr (60.0mth)

1yr 7mth - 14yr 9mth

(months)

Q1, Q3: (47,84)

(r = 158 mth)

Age of investigations

4yr (48.0mth)

1yr 3mth - 11yr 6mth

(months)

Q1, Q3: (36, 69)

(r = 123mth)

Length of investigations

1yr (12.0mth interval)

3mth - 3yr 3mth

(months)

(r = 36mth)

*excluding facilitated second sibling’s pre-symptomatic diagnoses; **excluding foster child with no available age of onset;
interquartile range: Q1, Q3; month/s: mth; year/s: yr; range: r.
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AD (60 months) - AINV (48 months) = 12 months before diagnosis
Investigations were initiated at a median (Q1, Q3) age of 48 months (36, 69) or
four years, a period of 12 months or one year before a median age of diagnosis
at 60 months (47, 84) or five years of age.
5.5 First signs and symptoms of childhood NCL
5.5.1 First signs and symptoms of combined NCL disease types
Figure 21 provides a frequency summary of the first signs and/or symptoms
reported by parents of these children (combined disease types) in this A&NZ
cohort (n = 28).

First signs and/or symptoms identified in
A&NZ children (all subtypes n = 28*)
Delays in speech
Changes in speech**
Increased clumsiness
Seizures

Type of sign and/or symptom

Visual loss
Changes to how child 'looked' at things***
Milestones impacted
Behavioural changes
Changes in social skills with friends
Unusual hand movements
Loss of pre-school skills
Loss of primary school skills
Changes in interactions 'eye contact'
Changes in walking
Changes in physical appearance
Changes in crawling
Changes in personality
Loss of high school skills
A symptom possibly unrelated
Another symptom not listed
0

2

4

6

8

10

12

14

16

Frequency of signs and/or symptoms
Primary signs and/or symptoms

Secondary signs and/or symptoms

Other

*Excluding one sibling, **primary speech sign grouped with speech delays; ***primary visual sign grouped with visual loss.

Figure 21: First signs and/or symptoms identified in this A&NZ childhood cohort
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The first three most identified signs and symptoms of A&NZ children were
speech delays, clumsiness, and seizures, for the combined cohort of the CLN1
- CLN3 and CLN5 subgroups. Five parents indicated the category ‘changes to
speech’, increasing the significance of speech delay and/or loss as a primary
symptom at disease onset (total frequency of speech symptomology = 20).
Not all children experienced some of these symptoms in the early phase of the
disease. Most notably, children with CLN3 did not experience seizures as an early
symptom and this is aligned with the literature (Augustine et al., 2015; Lebrun et
al., 2011). It is also emphasised that there were more children in the CLN2
subgroup (n = 14), compared with CLN3 (n = 10). Only the first sign of one of the
pre-symptomatic CLN3 diagnoses was reported (behavioural changes), reducing
the numbers in this summary to 28 (Figure 20).
Visual loss, and loss of milestones were the next two signs or symptoms
identified in this cohort, followed by behavioural changes. Calculating the sign
‘of changes to the way a child looked at things’ reported five times with visual
loss, increases the clinical significance of visual loss in early childhood-onset NCL
(total frequency of visual loss signs and/or symptoms = 14).
The two primary identifiers of NCL in this cohort of A&NZ children were:
1. speech delays and/or loss (frequency = 20)
2. vision loss and visual loss behaviours (frequency = 14)
5.5.2 First signs and symptoms of the individual NCL disease types
First signs and/or symptoms of CLN1 in Australian children
Participants reported the first signs and symptoms identified in these two
Australian children with CLN1 disease. One infant had an onset of signs or
symptoms by one year of age, whereas the second child had a later onset
phenotype at three years of age. Figures 22a and 22b provide a summary of the
first signs and/or symptoms identified in these two individual children with CLN1.
The two different phenotypes of CLN1 in this small sample have alternating
presentations and whether speech deficits or motor loss are the second sign.
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(a) CLN1 (infancy) n = 1

(b) CLN1 (early childhood) n = 1

• developmental milestones stopped
(did not crawl by 12 months of age)
• unable to speak or stand
• repetitive hand movements 3 months
after symptom onset
• vision loss within 6 months after onset

Milestones

• speech delays
• clumsiness
• dribbling
• visual loss 3 months after symptom
onset

Motor/
Speech

Speech/
Motor

Visual

Figure 22a & 22b: First signs and/or symptoms of CLN1 in Australian children
First signs and/or symptoms of Australian children with CLN2
Figure 23 summarises the first signs and symptoms at the onset of classic CLN2
disease identified in this Australian population of 14 children. Speech delays
and/or regression, clumsiness, then seizures dominate the onset of CLN2 and
are arranged in a temporal sequence, aligned with the literature (Mole et al.,
2021). Two parents reported night terrors as an early sign. Walking delays at the
18 months developmental milestone and/or later changes to their child’s walking
(ataxia) were also specified by parents.

CLN2 (early childhood) n = 14
• speech delays 18 months milestone (n = 11)
• speech changes 18 months (n = 3)
• walking delays 18 months milestone (n = 2)
• clumsiness (n = 7)
• behavioural (n = 1)
• night terrors (n = 2)
• 'blank' episodes (n = 2), drooling (n = 1), incontinence (n = 1)
• progress to seizures (n = 8), limb jerking (n = 3)
• changes in walking (ataxia) (n = 3)
• 'bull's eye' maculopathy (n = 1), vision loss (n = 2), changes to looking (n = 1)

Speech

Motor

Epilepsy

Ataxia

Visual

Figure 23: First signs and/or symptoms of CLN2 in Australian children
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First signs and/or symptoms of A&NZ children with CLN3 disease
In sharp contrast, visual loss and ophthalmic signs and symptoms, associated
with increasing clumsiness and behavioural changes were characteristic of early
CLN3. Deteriorating early primary (or later) schoolwork was an evolving sign at
the onset of CLN3 in A&NZ children in a slightly older age group during childhood.
Figure 24 provides the first signs and symptoms at the onset of CLN3.

CLN3 (middle to late childhood) n = 9
• vision loss (n = 6)
• changes to 'looking' at things (n = 4)
• behavioural changes (n = 6)
• milestones stalled (n = 6)
• clumsiness (n = 4), changes to walking (n = 1) or crawling* (n = 1)
• bull's eye maculopathy (n = 3), other eye symptoms (total n = 5)
• speech delays (n = 3), speech changes (n = 2), macrographia (n = 1)
• school work deteriorating within 3 - 6 months, blank episodes (n = 1)
Later symptoms of the foster child or the second sibling with no early symptoms specified have
not been included in this data. *infantile symptom/clinginess (n = 1)

Visual loss

Behavioural

Cognitive

Motor

Figure 24: First signs and/or symptoms of CLN3 in A&NZ children
First signs and/or symptoms of the late-infantile CLN5 variant
Figures 25a and 25b summarise the first signs and/or symptoms of two children
at the onset of the late-infantile CLN5 variant reported in this A&NZ cohort (one
international exemption). One child had an onset of signs and symptoms at six
years, and the other child had a later onset phenotype at nine years of age. In
this small CLN5 subgroup with different phenotypes and ages of onset, the
sequence of symptom onset varied. The three core symptoms were motor loss,
cognitive stalling/loss, and speech loss, aligned with visual loss and epilepsy. The
older child presented with early visual loss and later seizures, whereas the
converse was evident in the younger child with CLN5. Simonati et al. (2017)
identified alternate presentations in a cohort of 15 children with CLN5. Impaired
cognition and learning was the first sign identified, usually with late seizures but
was the presenting symptom in two cases.
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(a) CLN5 (middle childhood) n = 1

(b) CLN5 (late childhood) n = 1

• seizures
• loss of fine/gross motor skills
• loss of speech (progressive)
• milestones stalled
• visual loss progressive

Epilepsy/
Vision

Motor
skills

• rapid vision loss
• loss of fine/gross motor skills
• clumsiness
• loss of primary school skills
• seizures

Cognitive

Speech

Vision/
Epilepsy

Figure 25a & 25b: First signs and/or symptoms of CLN5 in the A&NZ cohort
Table 13 presents the early signs and/or symptoms parents identified and are
assigned to the four individual NCL diseases reported in this study. They are
presented in descending order of frequency from motor symptoms, ophthalmic
changes, speech deficits/loss, with epilepsy and neurological changes equally
placed. It is acknowledged that the CLN2 subgroup was larger than the CLN3
subgroup. CLN2 was aligned with speech deficits/loss, motor loss, and epilepsy.
In contrast, CLN3 was associated with ophthalmic changes, neurobehavioural
such as behavioural changes, and motor loss. Despite the small number of
children in these subgroups, CLN1 and CLN5 were first aligned with motor loss
incorporating stalling and/or regression of developmental milestones; and loss of
fine/gross motor skills, respectively.
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Table 13: Parental report of first signs and symptoms of each NCL disease type
Signs and symptoms (n = 28)

CLN1 n = 2

CLN2 n = 14

CLN3 n = 10*

CLN5 n = 2

Clumsiness (n = 13)

1/2

7/14

4/10

1/2

Milestones stalled (n = 9)

_

2/2

6/10

1/2

Changes to walking (gait) (n = 4)

_

3/14

1/10

_

Loss fine/gross motor skills (n = 2)

_

_

_

2/2

Delayed milestone, crawling (n = 1)

1/2

_

_

_

Repetitive hand movements (n = 1)

1/2

_

_

_

Walk on all fours (crawling) (n = 1)

_

_

1/10

_

Visual loss (n = 9)

_

2/14

6/10

1/2

Changes to ‘looking’ (n = 5)

_

1/14

4/10

_

Bull’s eye maculopathy (n = 4)

_

1/14

3/10

_

Name writing got bigger (n = 1)

_

_

1/10

_

Blinking (n = 1)

_

_

1/10

_

Scratching at eyes (n = 1)

_

_

1/10

_

Colour blind (n = 1)

_

_

1/10

_

Dark circles (n = 1)

_

_

1/10

_

Visual squint (n = 1)

_

1/14

_

_

Speech delay (n = 15)

1/2

11/14

3/10

_

Speech changes (n = 5)

_

3/14

2/10

_

Seizures (n = 10)

_

8/14

1/10 (late)**

1/2

Hand or leg jerking (n = 4)

_

3/14

1/10 (late)**

_

Vacant episodes (blank) (n = 3)

_

2/14

1/10

_

Behavioural (n = 8)

1/2

1/14

6/10

_

Incontinence (n = 2)

_

1/14

1/10 (late)**

_

Dribbling (oral), drooling (n = 2)

1/2

1/14

_

_

Night terrors (n = 2)

_

2/14***

_

_

Child ‘clingy’ at 12 mth (n = 1)

_

_

1/10

_

School skills deteriorating (n = 1)

_

_

1/10

_

Stammering of the feet (n = 1)

_

_

1/10 (late)**

_

1. Motor loss (total = 31)

2. Ophthalmic changes (total = 24)

3. Speech (total = 20)

4. Epilepsy (total = 17)

4a. Neurological (n = 17)

* early symptoms not reported for one pre-symptomatic sibling diagnosis;
** late established symptom of foster child;
*** night terrors before onset of epilepsy in CLN2
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5.5.3 Ages of onset of individual NCL diseases
Ages of onset of first signs and/or symptoms in CLN1 - CLN3
The range of age of onset of the first signs and symptoms of children with CLN1
- CLN3 disease in this A&NZ population are presented.
CLN1: The onset of signs and symptoms of CLN1 in the infant was one year old
and the young child was three years of age (n = 2). The older child was reported
to have a late phenotype of CLN1.
CLN2: Initial signs and symptoms onset in young children with CLN2 was
between six months, and three years and six months of age (n = 14). The median
(Q1, Q3) age of onset of the CLN2 subgroup was 31 (24, 36) months or two years
and seven months.
CLN3: The onset of signs and symptoms of index cases of CLN3 with a confirmed
age of onset was from one year to eleven years of age (n = 8). The median (Q1,
Q3) age of onset of CLN3 was 62 (33,70) months or five years and two months,
and older than CLN2. The range of age of onset of CLN1 - CLN3 disease is
displayed in Figure 26.

NCL disese types

Ages of onset CLN1 - CLN3 (range)
CLN1
CLN2
CLN3
0

2

4

6

Range of age in years

Asymptomatic

8

10

12

Age of onset

Figure 26: Range of age onset of signs &/or symptoms in CLN1 - CLN3 diseases
Age of onset of signs and/or symptoms in children with CLN5
Figure 27 displays the age of onset of six to nine years in children with CLN5
(n = 2).
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NCL disease type

Age of onset of children with CLN5 (range)
CLN5
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Figure 27: Range of age onset of signs and/or symptoms in children with CLN5
5.6 The first person to notice initial signs and symptoms
Figure 28 displays the individual/s who first identified the initial signs and
symptoms in a child before a NCL diagnosis (n = 28). There was a total of 59
responses as participants were able to select more than one category.

Individuals or professionals who first noticed changes

Yourself
Your partner
The child's sibling
Another family member
Child health nurse
Speech therapist
Occupational therapist
General practitioner
Pre-school educator
Kindergarten
Primary school teacher
High school teacher
Other
0

Family

5

10

15

20

Educators

Other

Frequency of responses
Health professionals

25

30

Figure 28: Individuals who identified the first signs and symptoms in A&NZ cohort
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Parents and other family members: Parents were specified 38 times as
primarily identifying the first signs and symptoms in their child or children (the
mother and the father could co-jointly select this answer). The participant
identified themselves in 26 instances as the first person to identify the initial
changes in their child or children, which was mostly the mother. This was followed
by their partner who was reported 12 times, which in most cases was the father.
To a lesser extent, other family members such as a grandparent or an affected
child’s sibling were specified as identifying the first signs and symptoms in a child.
It was indeterminable whether the sibling was older or younger than the affected
child, but they noticed a difference in their sibling and informed their parent/s.
Health care professionals: Health care professionals were reported eight times
including three child health nurses, three speech pathologists, and two
occupational therapists as the second most likely group to identify a child’s
earliest changes. The ‘other’ category included the paediatrician and
ophthalmologist who identified a child’s first signs or symptoms (four responses).
This increased the clinical significance of health care specialists identifying the
earliest signs and/or symptoms in a child before NCL diagnosis. Participants did
not report the GP in their professional role as identifying the earliest changes in
a young child.
It was apparent in the Australian context that the infant or the majority of preschool children in this study were not routinely screened by a paediatrician for
scheduled developmental assessments whilst they were asymptomatic. This is
aligned with child development protocols unless there is a health and/or
developmental issue identified by the GP or the child health nurse. Some children
were reviewed by a paediatrician after the onset of symptoms but a lack of access
to specialists and services identified in the study corresponded with the literature
(Kirby, 2012; Nunn et al., 2002). Regular paediatric assessments are undertaken
at specified screening intervals until two to two and a half years of age by health
visitors (Registered Nurses or Midwives) (Bryar, Cowley, Adams, Kendall, &
Mathers, 2017), then school health services around five years of age (including
vision and hearing screening) in the UK (Garretty, 2017).
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Educators: A child’s pre-school educator was specified three times as identifying
the initial changes in a child. As a group, the pre-school and primary school
educators played a crucial role seven times in identifying early changes in a child.
This result included two kindergarten and two primary school teachers. This is
aligned with the literature that primary caregivers and educators are most likely
individuals to identify the early signs of regression in a young child (Holland &
Brown, 2017).
Overall results indicated that parents played a central role in identifying the initial
changes in their child. After the family, health care professionals were most likely
to notice the first changes in a child before NCL diagnosis. This was closely
followed by the role of educators in identifying early changes in young pre-school
and primary school age children. Individual professionals who were each
specified three times were the child health nurse, speech pathologist, and preschool educator.
5.6.1 The individual who first prompted medical investigation of a child
The mother was specified 20 times as the person most likely to advocate for
further investigation and testing of a symptomatic child. In eight instances it was
the father who pursued medical investigation of their child, with some responses
co-jointly prompted by both parents. In only two cases, both the parents and a
medical professional together advocated for investigation.
Figure 29 provides a frequency summary of 47 responses of the individuals who
instigated medical investigation of a symptomatic child (and possibly a sibling)
before a NCL diagnosis.
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Who instigated investigations

Individuals who prompted investigations
Yourself
Your partner
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Figure 29: Individuals who prompted the first investigations of a symptomatic child
Investigations were initiated by the paediatrician in seven instances, and the GP
twice. The ten ‘other’ responses included five ophthalmologists, two neurologists,
and one developmental paediatrician. In most instances, it was the mother, and
sometimes the father, who instigated medical professionals to investigate their
child. The paediatrician was the health professional most likely initiate
investigations of a child, followed by the ophthalmologist.
5.6.2 First types of tests undertaken before NCL diagnosis in A&NZ children
The first three most common categories of tests initiated for these A&NZ children:
1. Encephalogram (EEG) (reported 20 times)
2. Eye tests (18)
3. Blood tests (17)
Specific subcategories can be grouped with the primary category of tests. For
example, eye tests were the second most common test category of the first
investigations undertaken for 18 children. In a subcategory, an electroretinogram
(ERG) was the first investigation for a further five children. Collectively, these
results increase the clinical significance of eye tests including ERG (reported 23
times), as the primary group of tests initially undertaken for these children, more
so than EEG recordings. In the ‘other’ category, genetic testing was first initiated
for the only international diagnosis of CLN5 confirmed in this cohort. Figure 30
summarises the first types of investigations undertaken for these children.
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First types of tests undertaken before NCL diagnosis
EEG
Eye tests

Types of diagnostic tests first undertaken

Blood tests
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Neurology exam
Speech pathology

ERG*
Lumbar puncture
Urine tests
Autism spectrum
CT scan
Nerve conduction tests
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Other tests
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Frequency of primary tests
Primary tests

Secondary tests

Other

computerised tomography scan: CT scan: electroencephalogram: EEG; electroretinogram: ERG; magnetic resonance
imaging: MRI: ERG*: additional to category of eye tests.

Figure 30: First investigations of these A&NZ children before a NCL diagnosis

5.6.3 Secondary tests undertaken before a NCL diagnosis in A&NZ cohort
The secondary investigative tests in descending order are provided in Figure 31.
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Secondary investigative tests before a NCL diagnosis
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computerised tomography scan: CT scan, electroencephalogram: EEG; magnetic resonance imaging: MRI.

Figure 31: Secondary tests undertaken before a NCL diagnosis in A&NZ cohort
Genetic testing was the leading type of testing undertaken during a secondary
phase of investigation before the diagnosis of a child, and possibly their sibling.
In descending order, the second most common type of testing was eye tests,
followed by blood tests. Eight respondents indicated no further testing was
required, as the diagnosis of NCL was already confirmed.
5.6.4 Types of confirmatory diagnostic tests of NCL disease each decade
The types of confirmatory tests used to determine the NCL diagnosis in this A&NZ
population varied according to disease type and the decade of diagnosis. Table
14 presents the transition from a clinical diagnosis supported by biopsy histology
results in the 1980s and 1990s, enzyme testing for CLN1 or CLN2 disease by the
1990s, to genetic testing from the late 1990s. Most CLN2 diagnoses were
established by initial enzymatic assay, then later confirmed by genetic testing.
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Table 14: Diagnostic confirmation of each NCL disease in consecutive decades
NCL disease

CLN1

CLN2

CLN3

CLN5

1980-1989

_

biopsy (1)

_

_

1990-1999

_

biopsy (1)/enzyme (1)

genetic (1)

_

2000-2009

enz/genetic (2)

enz/genetic (2)

genetic (2)

genetic (1)

2010-2019

_

enz/genetic (9)

genetic (8)

genetic (1)

Total number

n=2

n = 14

n = 11

n=2

enzyme testing: enzyme; genetic testing: genetic; skin/rectal biopsy: biopsy.

5.7 Differential diagnoses
The primary quantitative outcome of the diagnostic timeline of 26 A&NZ children
with NCL has already been reported in section 5.3. Here I present the incomplete
or inaccurate differential diagnoses provided to families before NCL.
5.7.1 Conditions or diseases associated with the diagnosis of NCL
Participants reported these essentially correct diagnoses, but their premature
determination may have potentially delayed consideration of NCL in the
differential diagnosis. Table 15 provides a list of the conditions and/or diseases
that parents reported prior to, or concurrently, with their child or children's
diagnosis of a NCL disease. This result refers to only the index cases in the study
(n = 27) and not the two pre-symptomatic diagnoses of CLN3.
Table 15: Diagnoses provided before or concurrently with the NCL diagnosis
Conditions/
diseases

CLN1

CLN2

CLN3

CLN5

Developmental delay

2/2

_

_

_

ADHD

_

_

1/9

_

Autism

1/2

1/14

1/9

_

Global regression

1/2

_

_

1/2

Epilepsy

_

8/14

3/9

_

Incontinence

_

1/14

1/9

_

Intellectual disability

_

_

2/9

_

Ophthalmic Dx

_

_

7/9

1/2

Blindness

_

_

1/9

_

Cohort number = 27

n=2

n = 14

n = 9*

n=2

Attention Deficit Hyperactive Disorder: ADHD; *second siblings (sibs) not included
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5.7.2 Differential diagnoses initially provided before a NCL diagnosis
Incorrect or incomplete differential diagnoses first provided to families before NCL
are presented in Table 16.
Table 16: Differential diagnoses provided before a NCL diagnosis
Diagnosis

CLN1

CLN2

CLN3

CLN5

Rett syndrome

1/2

_

_

_

PMEs

_

_

_

_

Doose syndrome

_

1/14

_

_

Epilepsy (11 Dx)

_

8/14

3/9

_

RP

_

1/14

_

_

Rod cone dystrophy

_

1/14

3/9

_

Retinopathy

_

1/14

1/9

1/2

MD (juvenile)

_

_

3/9

_

Bull’s eye maculopathy*

_

1/14

3/9

_

Psychiatric Dx - anxiety

_

_

1/9

_

Total number n = 27

n=2

n = 14

n = 11 - 2**

n=2

Diagnosis: Dx: Macular Degeneration (MD); Progressive Myoclonic Epilepsies
(PMEs); Retinitis Pigmentosa (RP); *sign; **second sibs not included.

The difference between questions 24 and 32 is subtle, and at times certain
diagnoses merged across both categories. The latter question 32 explored the
more specific types of differential diagnoses initially considered, but mistakenly
provided for a family. Most of these differential diagnoses were ultimately
determined to be incorrect, and some of these diagnoses were particularly
affiliated with specific NCL disease types. Epilepsy or seizures were reported as
a symptom but were also specified 11 times as a diagnosis. Diagnoses were
categorised according to each NCL disease, and the numbers of alternate
diagnoses reported. Bull’s eye maculopathy is a sign rather than a diagnosis and
was reported by four different families.
5.7.3 Year of diagnosis
Figure 32 plots the NCL disease types of this A&NZ childhood cohort according
to their year of diagnosis within five-year intervals.
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Figure 32: Demi-decade of NCL diagnosis type of A&NZ children
The year of a child’s diagnosis was provided by most participants, although four
parents did not specify the year. An additional four diagnoses of CLN2 (n = 2) or
CLN3 (n = 2) were determined during the 2010 - 2019 decade from responses in
Part B of their survey, resulting in a total of 18 NCL diagnoses for this decade (16
Australian and two New Zealand).
5.7.4 Comparative analysis between the A&NZ CLN3 subgroups
Age of symptom onset: Limited numbers were available to compare the index
cases between the Australian (n = 7) and the New Zealand (n = 1) CLN3
subgroups. The median (Q1,Q3) age of onset of the Australian index cases was
five years (18, 68). The New Zealand index case had a later onset phenotype of
CLN3 at 11 years of age.
Diagnostic delay of index cases: The median (Q1,Q3) diagnostic delay of the
Australian CLN3 index cases was three years and seven months (24, 94). The
single index case of the older New Zealand sibling was diagnosed in one year
and one month.
Diagnostic time of siblings: Expectantly, younger siblings had a facilitated presymptomatic diagnosis of CLN3 within two weeks (Australian) and seven weeks
(New Zealand). Table 17 provides the median diagnostic delay of the Australian
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CLN3 index cases (n = 7) and the delay of the single New Zealand index case
with CLN3.
Table 17: Australian (median index cases) and New Zealand CLN3 diagnosis
Australia
(n = 8)*

Age of onset: median (Q1, Q3)

Time to diagnosis: median (Q1, Q3)

Index cases (n = 7)
Sibling (n = 1)

New Zealand
(n = 2)

60 months (18, 68) or 5 years
48 months or 4 years

Age of onset

43 months (24, 94) or 3 years and 7 months
2 weeks

Index case (n = 1)

132 months or 11 years

13 months or 1 year and 1 month

Sibling (n = 1)

108 months or 9 years

7 weeks

Time to diagnosis

* excluding foster child with unknown age of onset; subgroup size: n; interquartile range: Q1, Q3.

5.7.5 The provision of their child’s NCL diagnosis to parents
Table 18 provides a summary of question 41 responses of ‘how’, ‘where’, and
‘with whom’ a participant was with when they received their child’s NCL diagnosis
(n = 28).
Table 18: How and where the diagnosis of NCL was provided to parents
Questions (Q) Part A survey
by phone (1/28) email: intern. Dx (1/28)

Q 40 Where were they?

in person
(26/28)
hospital (23/28)

Q 41 With a support person?

yes (27/28)

no (1/28)

Q 39 How was Dx conveyed?

home (2/28)

rooms (2/28) car (1/28)

Diagnosis: Dx; international: intern.

5.8 Supports and social media (domain 5)
5.8.1 Role of BDSRA Australia, internet, and social media
Table 19 provides a summary of the 26 respondents in the final domain of Part A
of the NCL survey, as one participant did not complete this section. Over half of
parents (15/26: 57.7%) reported a positive experience with BDSRAA after their
child’s diagnosis of NCL, acknowledging the family association was not formed
in Australia at the time for four parents. Most parents (21/26: 80.8%) indicated
they searched the internet before their child’s diagnosis of NCL, although the
internet was not available for two parents. More than half of respondents (16/26:
61.5%) indicated social media did not play an important initial role for families.
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A summary of the main answers to each question (42 - 47) are provided
numerically in brackets before each response. The single highest response
excluding the ‘other’ category, is provided in bold as a percentage of 26 parents.
Multiple options could be selected, and the main responses are presented.
Table 19: Supports and social media
Part A Supports and social media (n = 26)
The role of BDSRAA, internet, and social media in NCL diagnosis (Q42 - 44)
42. What was the role of BDSRAA before
your child’s NCL diagnosis?
(34 responses)
(15/26: 57.7%) positive experience
(1) neutral (3) it played no role for family
(4) BDSRAA *n/avail at the time
(4) not aware of BDSRAA at the time
(7) other including (1) delayed response

43. Did the internet play any role before
your child’s diagnosis of NCL?
(27 responses)
(21/26: 80.8%) yes, it did
(6) no, it did not
(2) included **n/avail

45. Had you ever heard of Batten disease
before your child’s diagnosis?
(29 responses)

46. If one were available, would you be
interested in participating in a NCL patient
registry? (33 responses)

(25/26: 96.2%) had not heard of ‘Batten
disease’ before a provisional Dx of NCL
(4) other: including 1 parent who had
heard of ‘Batten disease’ before their
child’s Dx

(23/26: 88.5%) would take part in a NCL
registry
(6) already participates in an international
NCL registry
(1) unsure
(3) other

44. Did social media play any role for you
or your family soon after your child’s NCL
diagnosis? (28 responses)
(12) yes it did
(16/26: 61.5%) no, it did not
(2) included n/avail

Previous awareness of NCL, registry participation, and concurrent diseases (Q45 - 47)
47. Did your child have any other
diagnoses provided before or at the same
time the NCL diagnosis was confirmed?
(26 responses)
(25/26: 96.2%) no other diseases
diagnosed
(1) yes, there was a concurrent distinct
disease

Batten disease support and research association: BDSRA Australia; *BDSRAA not available (n/avail) for 4 families 1980
- 1989; diagnosis: Dx; General practitioner: GP; question: Q; ** internet n/avail for 2 families 1980 - 1999.

5.8.2 Prior awareness of Batten disease
All but one participant completed this section of the survey and the results of
second siblings were not included in this summary. The responses from 26
families of index cases with NCL indicated most parents (25/26: 96.2%) had not
heard of ‘Batten disease’ before their child became symptomatic. Only one
participant (1/26: 3.8%) reported previous awareness of this rare disease before
their child’s diagnosis, because another family in their parent’s group had a child
with “Batten disease”. Parents from four different families only became aware of
Batten disease after researching the sign of bull’s eye maculopathy on the
internet, which was an ophthalmic sign initially identified in their child. One of
these children was belatedly diagnosed with CLN2, and three other children were
diagnosed with CLN3 disease. The majority of parents first heard of ‘Batten
disease’ after it was introduced as a tentative diagnosis by a medical professional
such as their GP or specialist, or when their child’s NCL diagnosis was confirmed.
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5.8.3 Participation in a NCL patient registry
The majority of parents responded they would take part in an A&NZ NCL patient
registry (23/26: 88.5%). Inclusive of this result, a smaller number of six parents
reported they already participated in an international NCL patient registry. Two
parents indicated their intention to possibly participate in an NCL patient registry
would be dependent on the purpose of the register. A mailout via Mailchimp®
was sent by BDSRAA to notify families before this study commenced, which
suggests many families are already registered with BDSRAA. There was not a
specific response option in the survey regarding current enrolment in a registry.
5.8.4 Diagnosis of another disease or condition concurrent with NCL
Only one additional distinct disease (co-morbidity) was reported concurrently with
a child’s NCL diagnosis (1/26: 3.8%). This was coeliac disease, provided
alongside an incorrect ophthalmic diagnosis, before confirmation of CLN3.
Autism and epilepsy were additionally discussed but acknowledged by parents to
be symptomatic of NCL. One child in each subgroup except CLN5 was
misdiagnosed with an autism spectrum disorder (ASD) before a NCL diagnosis.
5.9 Collation of free text provided by participants
5.9.1 Additional free text in Part A of the survey
Although a qualitative component was not included in this study, valuable and
meaningful data were additionally provided by participants through free-text
responses. The free text added by the parents who completed 29 surveys (Part
A) has been collated into similar response groups and is provided in Table 20.
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Table 20: Summary of free text content provided by parents in Part A of the survey
Delay in addressing parental concerns during early presentation: ‘not being believed’
Lack of continuity of GP or hospital appointments, parent’s suspicions were not taken seriously
Parents did not feel listened to by medical professionals
Four parents raised the significance of ophthalmic signs such as a “bull’s eye maculopathy”
being associated with Batten disease (they identified this on the internet), but were disregarded
Delayed appointments and investigations and being lost in the system
Delay of six months awaiting a neurology specialist appointment, nine months for an initial MRI
Inconsistency between two different diagnostic and treating hospitals within the same city
Metabolic specialist rooms ‘lost’ the referral, adding additional waiting time for appointment
Initial abnormal MRI results misread and further delayed consideration of NCL as a diagnosis
Difficulties of genetic testing impacting family planning
Concerns regarding other unaffected, but at-risk, children
Financial restrictions of undertaking carrier testing, impact of carrier testing for other relatives
Implications of family planning and future pregnancies including financial, ethical, and
psychological considerations prior to undertaking and during IVF and PGT
One participant expressed concerns for their broader family for testing nieces and nephews
Lack of health professional awareness of the rare disease NCL
Medical professionals “did not know what to test for over a period of many years” (CLN3)
Delays in undertaking specific pathology which may have facilitated diagnosis, such as testing
for “vacuolated lymphocytes” characteristic of CLN3
Ophthalmic abnormalities identified but not further investigated before diagnosis (CLN2, CLN3)
After diagnosis, parents were referred to specialists even for basic medical care for their child
Sub-optimal way the NCL diagnosis was delivered to parents: ‘lack of perceived hope’
Told by the ophthalmologist to take their child home and learn to “live with it”
Family told at diagnosis “there is nothing that can be done for your child”, but there were
disease-modifying options available internationally for CLN2 disease
Some diagnoses were provided in a “cold and factual manner”
GP unaware of Batten disease and was “reading it on the computer” whilst providing diagnosis
“Lack of empathy” in the way some diagnoses were provided to families
Delay or difficulty in accessing equipment and needing more early ‘support’
Delays in diagnosis impacted families accessing early equipment or supplies for their child
Need to fundraise if they were unable to afford some of their families most basic needs
Some participants were from a single parent family with fewer supports
Level of support provided by professionals or other parents
Sometimes before diagnosis, professional links were secured such as a genetic counsellor
Support provided by other families and the BDSRA family association
Emerging links with other families including social media, attending family conferences
Positive comments regarding diagnosis and professional support
A positive comment was their treating physician would investigate any queries the family had
A family’s paediatrician made a home visit to inform them in person of their child’s NCL
diagnosis.
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A diagnostic delay was confirmed for most NCL diagnoses in this A&NZ childhood
cohort. The first underlying code that parents repeatedly referred to was ‘not
being believed’ by medical professionals. A median one-year period before
investigations were initiated by medical professionals was determined,
characterised by parental concern but being repeatedly reassured “everything is
normal” with their child.
The latter half of the diagnostic delay was distinguished by a median one-year
period that medical investigations were undertaken, usually prompted by the
parents but particularly the child’s mother. Delays of referral or securing specialist
appointments, lost results, and sometimes errors in reporting imaging results
were evident. The second code identified in this study that parents experienced
was a ‘loss of hope’. Initially, this emerged during protracted investigations as
they watched their child deteriorate.
Confirmation of the NCL diagnosis further reinforced this sense of a loss of hope
with few, if any, other options to pursue. Predominantly, parents were usually
delivered a fatal prognosis of their child or children with NCL, even in recent
years. One parent of a child with CLN2 discussed the need for medical
professionals not to totally take away the sense of “hope” for parents receiving
the diagnosis of this rare life-limiting disease affecting their child.
The third code that was identified in the free text provided by parents was a sense
of ‘support’ or comradery that developed between families. Sometimes it
emerged before diagnosis, but usually from the relationships that developed with
other families whose child had also been diagnosed with NCL. These supportive
friendships formed nationally and/or internationally were established through the
internet and social media to provide a source of information, education,
socialisation, and consolation for families. In the words of one parent, the internet
became a source of comfort and a “non-judgemental friend”.
5.9.2 Additional free text provided in Part B of the survey
The free text provided in Part B of the survey indicates some of the issue’s
parents encountered as they considered, or undertook, genetic testing for
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themselves and/or their children. There were 25 Part B surveys completed by
parents, from the 27 families who participated in this study. Three codes emerged
from a collation of parent’s free text responses and are summarised in Table 21.
Table 21: Collation of free text provided by participants in Part B of the survey
Carrier genetic testing of other unaffected children
The majority of parents indicated they undertook carrier genetic testing of other
asymptomatic children
Two parents responded that they were unable to retrieve the results until their child was
either 16 or 18 years, dependent in which Australian state they lived
Depending on the state and possibly hospital, some families were unable to initiate carrier
genetic testing of other children until they were 18 years, unless there was a risk of pregnancy
One parent responded they were not allowed to undertake genetic testing of another child
unless they were symptomatic and considered this could be a legal restriction. This would be
more likely for predictive genetic testing, as they were told to await an onset of symptoms
An older son made the decision themselves not to be currently tested for their carrier status
At the time of their child’s diagnosis, there were no options for carrier testing of other children
Two participants indicated they would appreciate more education regarding genetic testing
Carrier testing of parents
Most parents took this option to undertake carrier genetic testing to confirm their carrier status
One parent indicated they did not pursue this testing as they were inevitably both carriers
Several parents understood this testing was a pre-requisite before undergoing IVF and PGT
Two parents referred to the expense of testing was a contributory factor not to pursue it
One parent discussed there should be governmental financial support to assist families with
genetic testing, especially of other relatives
One parent indicated they had just commenced enquiries about this process of carrier testing
One parent was concerned about nieces and nephews being potential carriers, yet not tested
One parent indicated their result was obtained promptly, but their partner’s mutation was
rarer requiring 12 months to confirm
Two parents discussed the expense of undergoing IVF and PGT to extend their family, but
this was financially out of reach for them
These same parents revealed that once they became aware of their child’s NCL diagnosis,
they would not attempt to chance a natural pregnancy
Another parent expressed their gratitude that they were financially able to afford IVF/PGT
Predictive genetic testing for ‘at-risk’ other children
One parent indicated they were not emotionally ready to undertake predictive genetic testing
of a younger child just yet, but would need to consider this in the near future
Some parents discussed undertaking genetic testing in utero during their pregnancies
Several parents disclosed extremely personal decisions they were required to make
regarding family planning, pregnancies, and genetic testing during pregnancy
Two parents discussed the chances of one in four pregnancies being negative for the NCL
gene, but this was not their experience
Similarly, multiple embryos were affected by the NCL gene and not the predicted one in four
One parent discussed the one in four chance of a child inheriting a recessive disease which
they learnt in science at school, was not their reality
One parent described being asked for payment to progress with the testing of a child during
the most inopportune circumstances
One parent reported a wait of six weeks for the genetic results of a second child
Another parent explained they had a six month wait for a genetic panel of testing before their
child’s diagnosis of NCL. This was prompted by the initial identification of rod-cone dystrophy
One parent wrote “is there any chance to treat cln5?”.
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Carrier genetic testing of other children: ‘Limitations’
Key words identified in the data regarding carrier testing of other children include
“undertook, asymptomatic, unable, restricted”. Phrases comprised of “unable to
retrieve the results, unable to initiate, not allowed, legal restriction, await an onset
of symptoms, decision themselves, no options, more education”.
Carrier genetic testing and mutational analysis of parents: ‘Clarification’
Some of the key words identified in the data regarding parent testing included
“undertake, pre-requisite, inevitable, expense, and gratitude”. Phrases used by
participants included “took this option, lack of support, contributory factor,
commenced enquiries, concerned about, 12 months to confirm, financially out of
reach for them, not attempt, and financially afford”.
Predictive genetic testing of other ‘at-risk’ children: ‘Uncertainty’
In the third section regarding predictive genetic testing of other children, key
words provided by participants included “doubt, insecurity, and wait”. Additional
phrases comprised of “not emotionally ready, worst case scenario, knowing the
risks, personal decisions, inopportune circumstances, not their experience, is
there any chance to treat …?” were some of the additional text provided by
participants.
5.9.3 Case report of a child’s CLN2 diagnosis
The most comprehensive documentation of a child’s diagnosis in the survey
phase of the study was provided by a mother of a child with CLN2. This parent
provided a comprehensive commentary of her experience as part of the “detailed
diary” she maintained before her child’s diagnosis. The most significant aspect of
their early experience was that the parents were suspicious something was amiss
about their child’s symptoms but were told “that we should not worry” despite
“why she wasn’t developing as well”. Her experience is summarised below:
Speech delays: The parent was regularly reassured by their GP, but she
continued to have doubts about her child. Whilst attending a National
Immunisation Program (NIP) appointment (www.health.gov.au/health-topics/
immunisation/immunisation-throughout-life/national-immunisation-program
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-schedule), a child health nurse informed this mother her child was on a lower
percentile for speech, but still “within the normal range for her age”.
Onset of seizures: It was only after the onset of seizures, initially and incorrectly
determined to be febrile-onset, that an epilepsy diagnosis was provided by a
paediatrician. Again, the mother remained suspicious of her child’s developing
symptoms and developmental regression. Side effects from the anti-seizure
medications merged with an onset of symptoms such as “incontinence,
clumsiness, and nightmares” experienced by her child. Other family members
also “expressed their concern” about new symptoms emerging in this young child.
Neurology review: This parent pursued specialist review by a neurologist and
when she received a referral for her child, there was an extended wait of “over
six months” for an appointment. The family took the option of a “private neurology
appointment”, rather than wait a further six months for review. Ultimately, enzyme
testing indicated the “TPP-1 reading was low”, and later “genetic testing
confirmed the CLN2 diagnosis of their child”.
Bull’s eye maculopathy: Of major significance, was the sign of a bull’s-eye
maculopathy was determined relatively early during the symptomology of CLN2.
The mother searched the internet regarding this sign of eye pathology in children.
She raised her concerns with her child’s paediatrician about the “possibility of
Batten disease” but was placated that her child’s symptoms did not correspond
with Batten disease. This emphasises the initial concerns broached by parents,
and whether they felt listened to, or not, by medical professionals. It also
highlights that differences between disease types, do not necessarily resemble
the expected picture of NCL.
5.10 Results of NCL Survey (Part B)
Part B of the survey explored carrier genetic testing of parents, and carrier and/or
predictive genetic testing of affected children’s siblings. Excluding surveys
regarding second siblings, only two participants did not complete the additional
Part B of the survey:
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1. Part A domain five/question 48/Part B not completed (one participant)
2. This information was not available to the foster parent (one participant)
Table 22 is a summary of the multiple responses to each question provided by
participants in Part B of the survey (n = 25).
Table 22: Part B survey responses to family carrier and predictive genetic testing
Part B genetic testing (n = 25)
Carrier testing: children (Q49 - 53)
49. How many
other children are
‘potential’ carriers?
(27 responses)

50. Reasons you ‘did not’
pursue carrier genetic
testing of children?
(30 responses)

51. How many of your
children are ‘confirmed’
carriers?
(28 responses)

(2) no other child
(14/25: 56.0%)
one child
(6) two children
(1) three children
(2) four children
(2) other

(3) yes
(13/25: 52.0%) no
(2) n/a to our family
(2) genetic testing n/avail
(2) some did, others not
(3) legal state restrictions
(5) other

(1) none
(9/25: 36.0%) none
tested
(3) some tested
(6) one confirmed
(2) two children
(1) three children
(6) other

Carrier testing: parent (Q54 - 57)

52. Reasons you ‘did’
pursue carrier genetic
testing for your other
children?
(38 responses)
(5) n/a, did not test
(5) asymptomatic, older
(3) asymptomatic, younger
(7) medical advice
(8/25: 32.0%) we wanted to
know
(10) other

54.If you did not test, what was the reason?
(29 responses)

55.If you did not test,
what was the reason?
(25 responses)

56.If you were tested, can
you specify the result?
(25 responses)

(18/25: 72.0%) yes, have been tested
(7) no, have not been tested
(1) required before child’s testing
(0) prefer not to answer
(3) other

(18/25: 72.0%) n/a, were
tested
(1) decided against testing
(1) genetic testing n/a
(0) prefer not to answer
(5) other

(5) n/a, not been tested
(18/25: 72.0%) confirmed
carrier
(0) testing unable to confirm
(1) genetic testing n/a
(0) prefer not to answer
(1) other

Predictive testing: at-risk child (Q58 - 62)

53. Reasons if carrier
testing of children was not
done?
(19 responses)
(7/25: 28.0%) n/a, tested
some
(4) n/a, tested all
(1) medical advice not to
test
(0) religious beliefs
(2) financial constraints
(5) other

57.If a treatment were
available, would you
decide to test? (31
responses)
(16/25: 64.0%) not
relevant
(1) definitely not
(2) unsure
(3) possibly yes
(6) definitely yes
(3) other

58.Did you decide to test one child, but not
another?
(27 responses)

59.Were you able to proceed with predictive genetic
testing of another child (without symptoms)?
(32 responses)

(11/25: 44.0%) n/a, all tested
(6) n/a, none tested
(5) did not test older children
(1) tested younger child
(0) monetary considerations
(4) other

(2) genetic testing not available
(8) genetic testing available
(11/25: 44.0%) discouraged by medical staff
(1) legally bound not to test younger child
(2) chose not to test younger
(2) chose not to test older
(6) other
62.Are any of your children not a carrier and negative for
the CLN gene? (26 responses)

61.Did you have access to a genetic counsellor?
(30 responses from 25 respondents)

60.What decade/s were
you making these
decisions? (28
responses)
(0) 1970-1979
(1) 1980-1989
(3) 1990-1999
(7) 2000-2009
(17/25: 68.0%) 2010-2019

(2) n/a, did not seek services
(10/25: 40.0%) we did not test any child
(2) n/a, did not know about services
(6) no children in family tested negative
(1) service not available
(4) one child tested negative
……………………………….
(0) two children tested negative
(6/20: 30%) did not find it beneficial
(6) other
(9/20: 45%) found it beneficial
(5/20: 25%) helped family planning
(3) had service but family planning not required
(2) other
Not applicable: n/a, not available: n/avail; bold: indicates the highest response for each question.

One participant indicated part of this section of the survey was not relevant to
them as they had no other children, but still completed Part B of the survey. The
NCL survey including the questions in Parts A and B is provided in Appendix 9.
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Answers to each questions (49 - 62) are provided numerically in brackets before
each response. The single highest response excluding the ‘other’ category, is in
bold. The highest response for each question is provided as a percentage of the
number of participants completing Part B (multiple options could be selected).
The three sections of Part B of the survey comprised of:
1. Carrier genetic testing of a likely unaffected child
2. Carrier genetic testing to determine the mutation of each parent
3. Predictive genetic testing of a usually, but not always, younger sibling of an
affected child determined to be at-risk to develop NCL.
5.10.1 Carrier genetic testing of other children (‘sibs’ of affected children)
In a separate category, carrier genetic testing of the siblings of affected children
may be initiated by parents and the results were provided in Table 22. Responses
to question 52 provided the reasons parents undertook carrier genetic testing of
other children. Of these participants who sought genetic testing, two parents
indicated in free text they and/or their children were unable to access their NCL
carrier status results until their child reaches 16 or 18 years of age, possibly
dependent on the state they lived.
5.10.2 Carrier genetic testing of parents
Results of question 55 indicated the majority of parents chose to be genetically
tested for the NCL gene. The results to question 56 indicated the NCL carrier
status of the majority of parents was confirmed. The hypothetical question 57
enquired if a treatment were available, would that change the parent’s decision
to test another, likely younger, child for the NCL gene.
5.10.3 Pre-symptomatic testing of other at-risk other children
Question 58 was regarding their decisions to test one child, and perhaps not
another, whereas question 59 enquired if a parent was able to seek ‘predictive’
testing of other children. Results indicated some parents were actively
discouraged from pursuing predictive genetic testing of other children, it was
legally restricted, or genetic testing was not available for their family at the time
they were considering these decisions.
170

5.10.4 Decade genetic testing was undertaken
Responses to question 60 indicated which decade parents were faced with
making decisions regarding genetic testing, and some spanned the cusp of two
decades (28 responses). The majority of participants responded they were
considering these decisions during the most recent decade 2000 - 2019. Figure
33 provides the decade/s parents may have considered or undertaken genetic
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Figure 33: The decade/s parents considered undertaking genetic testing
5.10.5 Genetic counselling
Five participants reported they did not seek or know about genetic counselling,
or the service was not available at the time of their child’s diagnosis. Of the twenty
participants who used the service, six responded they did not find genetic
counselling beneficial. The remaining and majority of respondents indicated they
either found the service beneficial or it helped them with family planning.
5.11 Hindrances and facilitators of NCL diagnosis
The following Figure 34 graphically presents the main themes that may facilitate
the diagnosis of childhood-onset NCL. It is a summary of the broad facilitators of
NCL diagnosis during childhood identified in the study results and supported by
the literature. It acknowledges the pivotal role parents play in recognising the
initial changes and advocating for their child with medical professionals.
Additional factors include the relationship developed between the parents and
health care professionals and whether the parent felt ‘believed’. Some of these
same factors can also negatively impact NCL diagnosis by resultant delays in
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initiating or accessing appointments or investigations. Omissions or oversights of
pathological and imaging results may delay consideration of NCL disease in the
differential diagnosis. The results of this present study correspond with a median
two-year diagnostic delay for a cohort of 12 Turkish children with CLN2.
Identification of presenting symptoms, MRI abnormalities including but not limited
to cerebellar and cerebral atrophy, and increased disease awareness by
clinicians could potentially reduce diagnostic delay of this NCL disease (Aydın,
Havali, Kartal, Serdaroğlu, & Haspolat, 2020). A delayed phenotype may also
alter the expected age of onset or vary the initial symptoms that also negatively
impact diagnosis (Di Giacopo et al., 2015; Elleder et al., 2008; Lourenco et al.,
2020).
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Figure 34: Facilitators of childhood-onset NCL diagnosis
It is acknowledged that some of these factors contribute broadly to a delayed
diagnosis of NCL by omission, or conversely, they may facilitate diagnosis if
undertaken in a timely manner. For example, not considering a pathological test
for vacuolated lymphocytes may further delay diagnosis of CLN3 after the onset
of symptoms such as new-onset visual loss, behavioural changes, and cognitive
loss in an early (or later) school-age child. However, identification of vacuolated
lymphocytes in a blood smear may potentiate consideration of CLN3 disease in
172

the differential diagnosis (G. Anderson et al., 2005; Schulz & Kohlschutter, 2013;
Williams et al., 2006).
The facilitators and hindrances of NCL diagnosis in children could be considered
as a balance and are presented in Figure 35. A more detailed summary of the
hindrances and facilitators of NCL diagnosis including references is provided in
Appendix 17 at the end of this thesis in Table 23. This list is comprehensive but
is not exhaustive of the literature referring to the diagnostic delays of NCL disease
types affecting children. Additional facilitators and hindrances that apply to rarer
NCL disease types in some populations such as CLN6 - CLN8 and CLN10 are
also included. Even rarer NCL disease types impacting children or young adults
in a limited number of families such as CLN12 (Smith et al., 2012) and CLN14
(Staropoli et al., 2012) are not included in this summary but are discussed in
comprehensive reviews (Carcel-Trullols et al., 2015; Mole & Cotman, 2015).

Hindrances

Facilitators

Figure 35: The broad facilitators and hindrances of NCL diagnosis in children
5.12 Summation
Quantitative data of the survey (Part A): In summary, the median age of onset
was three years of age, and the median age of NCL diagnosis was five years of
age in this study of 26 A&NZ children. The results identified a median diagnostic
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delay of two years from symptom onset until the diagnosis of NCL was confirmed
in this cohort. The secondary outcome of the study was a median one-year period
that investigations were undertaken before diagnosis. A protracted diagnostic
delay between four and six years was identified for two children. The two most
extreme diagnostic delays were nine years for a child with CLN2, and nine years
and nine months for a child with CLN3, both confirmed during the decade this
study was undertaken. A clinically significant different diagnostic delay was
identified between the two larger subgroups. Although CLN3 had a longer median
delay of 40 months compared with 24 months for CLN2, it was not statistically
significant.
The single international genetic diagnosis of one child with the late-infantile CLN5
variant was the shortest in the study (within three months). The diagnostic time
of the infant with CLN1 was relatively timely by seven months. Additional to this
cohort of 26 children included in data analysis, were the two pre-symptomatic
diagnoses of younger siblings with CLN3 who were promptly confirmed at two or
seven weeks. Although the foster child’s time to diagnosis could not be confirmed
due to an indeterminable age of onset, this child was provided four prior
misdiagnoses before CLN3 was confirmed at the age of 12 years and eight
months of age. More recent NCL diagnostic times confirmed in the decade the
study was undertaken in 2019, were longer than most other diagnoses during the
three previous decades.
Free text content in the survey (Part A): Valuable free text data were provided
by participants during the second phase of the study regarding their child’s NCL
diagnosis. During the survey phase, the additional responses from parents were
aligned to three different codes. The first code was ‘being believed’ about parent’s
concerns prior to their child’s diagnosis but not being validated or initially
investigated by health professionals. Prior to diagnosis, parents were isolated
and took on a solitary role of advocacy for their children. The second code to
emerge from the free text content was parents expressing their need to be able
to ‘hold onto hope’, even after being provided the NCL diagnosis for their child or
children. The third code identified was parent’s connection, friendship, and
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‘support’ with other families through the BDSRA family support, social media, and
some health professionals after their child was diagnosed with NCL.
Part B of the survey: Both quantitative and additional free text data were derived
from the results of Part B of the survey. Quantitative data was provided regarding
carrier genetic testing of other children, carrier testing with mutational analysis of
the parents, and predictive genetic of other ‘at-risk’ children. The majority of
participants indicated they sought carrier testing for other asymptomatic children
and themselves, and actively pursued predictive genetic testing for other ‘at-risk’
children. Sometimes, there were legal restrictions to genetic testing or accessing
results until a child reached a certain age. Two parents indicated there were
financial considerations before undertaking carrier testing of other children, but
this was not specified as a factor in restricting predictive testing of other ‘at risk’
children.
Collation of the free text provided by participants in Part B of the survey identified
three main codes including ‘limitations’, ‘clarification’, and ‘uncertainty’ that were
derived from the additional responses provided by participants regarding genetic
testing. Far-reaching decisions by parents were considered and undertaken for
other children within restrictive legal guidelines. Genetic counselling assisted
some, but not all, parents with family planning decisions. Sometimes financial
considerations or legal restrictions impacted these decisions and the available
resources accessible to a family. Religious beliefs were not specified in survey
responses as influencing their decisions. Parents were extremely open and
provided a glimpse into the profoundly difficult decisions these parents were
faced with regarding genetic testing for the NCL gene of their affected child, other
children, and their extended family.
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Chapter 6: Discussion

This body of work explored the diagnostic timeline of children with NCL and the
experience of parents during the diagnostic journey through the use of an online
quantitative survey of parents of children with NCL in Australia and New Zealand.
To my knowledge this is the first exploration of these important issues among this
vulnerable population in these countries. This research adds important
knowledge to the NCL literature that can inform future diagnostic journeys for
parents, children, and clinicians. I identified that there was a two-year delay from
symptom onset to NCL diagnosis. These results were based on 26 index cases
of A&NZ children. I also report that typically, the majority of children in this cohort
with either the CLN1 - CLN3 or CLN5 disease types experienced a delayed
diagnosis of NCL. Furthermore, there was a median delay of one year from
symptom onset until the start of investigations. Once investigations commenced
there was also an additional median delay of one year until diagnosis. These data
highlight the urgent need to improve the journey of children with NCL as a
potential diagnosis. From the survey results, I have also identified the first signs
and symptoms noticed in children, the individuals who first identified these, and
the investigations performed upon presentation. These data can be used to
promote an improved diagnostic journey for this population.
Study demographics indicated the majority of parent participants were born in
Australia, but a quarter of grandparents were born in a country other than
Australia or New Zealand. The demographics and NCL disease types of this
A&NZ cohort parallel other countries such as the UK (Collins et al., 2006),
Germany (Nickel et al., 2016), US (Adams et al., 2013; Ju et al., 2006) and
Canada (Moore et al., 2008). These countries have a predominance of CLN2 and
CLN3 disease but are inclusive of CLN1 and rarer variants such as CLN5 or
CLN6. This contrasts with some Eastern European and Middle Eastern countries
where rarer NCL diseases such as CLN7 or CLN8 may be more evident (Kousi
et al., 2009; Ranta et al., 2004; Topçu et al., 2004). Sleat et al. (2016) recommend
that a families’ ancestry be closely considered when prioritising which NCL genes
should be tested.
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Both sets of parents of children with the CLN5 variant were of Asian ethnicity in
this present study. CLN5 mutations were originally reported in Finnish and
Northern European populations; however, our results support a previous study
concluding that CLN5 genetic testing is warranted in a wider ethnic population
(Xin et al., 2010). The importance of one family with a different NCL disease type
in this A&NZ cohort reporting indigenous heritage reveals the need to avoid
discounting a possible diagnosis of NCL, based on an indigenous family history
or ethnicity.
The exception of a single timely CLN5 diagnosis within three months of symptom
onset and without a family history of NCL, was not made in Australia or New
Zealand. The diagnosis was made in a country more densely populated than
Australia or New Zealand, with a higher incidence of NCL (Jadav et al., 2014).
The family indicated that doctors proceeded straight to genetic testing suggesting
health care professionals may have a greater familiarity with a rare disease such
as NCL. The pre-symptomatic diagnosis of two siblings with an older brother or
sister diagnosed with CLN3 were not included in the diagnostic timeline as their
diagnoses were facilitated. The presence of two of the 26 children experiencing
a protracted delay of nine years to almost a decade, alludes to the difficulties
facing parents of children with NCL.
Paradoxically, the only child with a documented family history other than a sibling
with NCL, received four misdiagnoses before CLN3 was confirmed just before
adolescence. An important consequence of a delayed diagnosis is the increased
risk of a family having a second affected sibling before the older sibling is
diagnosed. Two sets of siblings were confirmed in the completed surveys, both
with CLN3 disease. Notable differences in age of onset between these two
families was identified (an Australian child at five years and the New Zealand
child with an older phenotype at 11 years of age). Another child with a presymptomatic diagnosis and a late-infantile onset indicated a third potential sibship
in this A&NZ population, described in an incomplete survey.
The median age of three years at symptom onset and five years at diagnosis of
NCL was evident for the children in this A&NZ study. This result indicates most
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families would have already had another child before their affected child had an
onset of symptoms or was diagnosed with NCL. The exception in this A&NZ study
may have been the infantile phenotype of CLN1 with an early onset at one year
of age. Specific to the UK and the muscular dystrophy disease DMD, van Ruiten
et al. (2014) refers to an average of 35 months between siblings and a delayed
diagnosis negatively impacting family planning.
In the Canadian province of Newfoundland, Moore et al. (2008) reported one
family with three affected siblings and six families with two siblings diagnosed
with NCL in a cohort of 52 children. CLN2 was the predominant disease type
identified in this population with a high incidence of NCL, estimated to be one in
7353 live births. Children with a younger age of onset of CLN2 have a shorter
opportunity for diagnosis before another potentially affected child is born in the
family. Collins et al. (2006) discussed the likelihood of a younger sibling being
born, even before symptoms emerge in an older child with CLN3 ranging between
four and eight years of age. This result corresponds with a median age of CLN3
onset of five years and two months during middle childhood in this A&NZ cohort.
There was a single exception to CLN3 onset in middle (or late) childhood and this
was a child with an onset of symptoms at one year of age. It is acknowledged this
is considerably earlier than the mean age of onset for a male (5.6 years) or a
female child (6.6 years) with CLN3 (Masten et al., 2020b). It is possible this child
may have experienced a symptom unrelated to the evolution of CLN3. This might
have been a common behavioural, sleep, or developmental concern that
commenced in infancy but may have occurred regardless of the presence or
absence of CLN3 disease. However, it was reported this particular child walked
on all fours instead of crawling, but it is unknown how long this sign persisted.
Some child developmental research refers to an omitted crawling milestone
(Visser & Franzsen, 2010) or to four-limb walking as ‘bear crawling’ (Ireland et
al., 2012). It could not be determined if this first untoward developmental sign was
associated with this child’s later CLN3 diagnosis. Reference to a child with a
different symptom at an earlier age than the expected initial visual loss of CLN3
is rarely reported in the literature (Perez-Poyato et al., 2011; Sarpong et al.,
2009).
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Identification of first signs and symptoms
This study explored the individuals most likely to identify the first changes in a
child. Unequivocally, it was the parents but especially the child’s mother, who
noticed the early signs and symptoms in their child. One mother referred to
looking back with “hindsight” that she could retrospectively see the significance
of her child’s speech delays, but not at the time. Sometimes, it was other family
members such as a grandparent or a sibling who may have identified initial
changes in a child. Few references were sourced specifying family members
identifying the first symptoms in a child, and none referred to grandparents or
siblings. Ostergaard (2016) refers to parents becoming suspicious of their child’s
vision loss between the average age of five to six years of age, ultimately
diagnosed with CLN3. This distinct finding in this A&NZ cohort highlights the
fundamental role of parents in identifying the first signs and/or symptoms in their
child before a NCL diagnosis.
There are characteristics of CLN3 that increase the risk for longer diagnostic
delays, compared with other NCL disease types in this A&NZ cohort. Visual loss
and cognitive changes were subtle and evolved over a longer period in CLN3,
compared with a sudden and tangible onset of seizures heralding CLN2 onset in
a child with speech delays. It is feasible that before a diagnosis of CLN3, older
children are able to adapt to their sensory loss with compensatory behaviours
and this notion warrants further exploration. Although not statistically significant,
a 16 month longer diagnostic delay of CLN3 compared with CLN2 in this A&NZ
cohort, is aligned with the literature (Collins et al., 2006; Nickel et al., 2016). An
objective of this study was to possibly identify the early subtle signs and
symptoms that may exist and therefore hold some hope for earlier recognition of
childhood-onset NCL in the future. It is feasible to reduce both the initial
symptomatic period and the investigative phase of disease onset, thereby
facilitating a more timely and accurate diagnosis of NCL disease in children.
Differences in the CLN2 and CLN3 diagnostic delays were not statistically
significant in this A&NZ cohort. In part, the limited size of the index cases with a
CLN3 diagnosis and a confirmed age of onset may have been contributory to the
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low power of this study and a potential type II error (Button et al., 2013). Despite
this, the longer CLN3 diagnostic delays identified in this present study aligned
with the literature (Collins et al., 2006; Wright et al., 2020) are clinically significant.
This result may contribute to our understanding of the longer evolution of CLN3
disease compared with usually younger-onset and potentially more aggressive
NCL disease types such as CLN1 and CLN2 (Augustine et al., 2021; Williams et
al., 2017). Not only is the onset of CLN3 more subtle but this NCL disease is also
usually a slower progressing disease type. Research by Kuper et al. (2020b)
identified rapid loss of visual acuity, severe colour vision loss, and dark-adapted
ERG changes as early clinical/investigative signs in a cohort of 18 CLN3 affected
children, compared with Stargardt disease. Masten et al. (2020b) confirmed the
first symptom of visual loss a mean year earlier in male than female children in a
cohort of 102 individuals with CLN3, providing greater insight of this disease
onset. This recent research delineates the earliest clinical signs and symptoms
and the timeline of CLN3 potentially enlightening our understanding of this NCL
disease as it unfolds.
Compensatory behaviours or stereotyped mannerisms such as eye pressing by
children with visual loss (Gal, Dyck, & Passmore, 2010; Jan et al., 1983) and/or
converging features of autism are identified in the literature (Andrews & Wyver,
2005; Pérez-Pereira & Conti-Ramsden, 2005). Stereotyped hand behaviours
associated with the onset of CLN1 disease are reported (Hagberg & WittEngerström, 1990; Santavuori et al., 1974; Topçu et al., 2004; Vanhanen et al.,
1994) and were also recognised in the infant with CLN1 in this study. Stereotyped
hand movements are not confined to infants with CLN1 disease. For example,
Craiu et al. (2015) reported this sign in an infant with CLN7 disease that persisted
until six years of age. Although not identified in the literature specific to CLN3
disease, signs of early stereotyped behaviours were reported in this present
study. Eye blinking (n = 1), eye rubbing (n = 1), and other non-specified visual
loss behaviours associated to the way a child ‘looked at things’ were reported by
study participants. This is a potential area for investigation of any precursor signs
of emerging visual loss in a young child (kindergarten, early primary school or
later) with CLN3 disease. Combined with parental suspicions of visual loss
(Ostergaard, 2016), additional signs such as new-onset and persistent eye
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rubbing may alert the primary health care physician of emerging visual loss in a
young child.
Health professionals were the next group of individuals in this A&NZ study to
observe subtle or more obvious changes in a child, and different types of health
professionals aligned with specific NCL diseases. For example, child health
nurses reviewed the infant and young child with CLN1 who presented with
delayed developmental milestones. Alternatively, speech pathologists provided
therapy for slightly older children in the early symptomatic phase before CLN2
was considered. Paediatricians also assessed children with new-onset seizures
and/or ataxia during the childhood period preceding CLN2 diagnosis.
Ophthalmologists assessed slightly older children with new-onset visual loss
during middle childhood before a CLN3 or CLN5 diagnosis was confirmed. These
findings of the present study are consistent with the literature (Fietz et al., 2016;
Perez-Poyato et al., 2011; Simonati et al., 2017).
The role of the ophthalmologist reviewing children before NCL diagnosis, typically
CLN3 disease, is not new. A historical Australian study by Henry and Stevens
(1982) described the ophthalmologist confirming two protracted diagnoses of a
juvenile-onset NCL (sic) in their late teens. Ophthalmologists and an orthoptist
had reviewed seven of the eight children before referral and diagnosis of CLN3
in a recent UK study (Wright et al., 2020). Stehr et al. (2012) implemented a
primary health promotion initiative to increase awareness of CLN3 amongst
ophthalmologists in Germany. There is a need for such a program in A&NZ to
increase awareness of specific NCL diseases, with ophthalmologists reviewing
these children before a CLN3 diagnosis (www.sosdoctors.com.au/shining-thespotlight-on-batten-disease).
There was an exception to health professionals identifying an initial sign or
symptom in a child in this A&NZ cohort. There were seven responses when
educators noticed potential visual loss behaviours or other signs and symptoms
in their pre-school, kindergarten, or early primary school students. These children
were usually, but not always, confirmed with CLN3 after a new onset of bilateral
visual loss (one child was diagnosed with CLN2 disease). In the study by Wright
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et al. (2020) referred to in the previous paragraph, two educators identified early
signs of visual loss behaviours in a cohort of eight children with CLN3. A historical
reference by Wybar (1967) refers to the ‘blackboard’ as the first critical test in
identifying visual deficits in young students. The author discusses how children
with undetected visual loss ‘trip more readily and collide with the furniture’.
Children with progressive visual loss have been noted to compensate with a
variety of postures to counteract deteriorating sight (Zeman & Dyken, 1969). In
other words, these children become increasingly clumsy (Spalton et al., 1980)
and this is what parents, and sometimes educators, notice as identified in the
results of this A&NZ study. The move toward individual-use technology in schools
may serve to mask this sign, making parent-report even more vital for NCL
diagnosis.
Early signs and symptoms
This study identified the earliest signs and/or symptoms of this A&NZ cohort of
children subsequently diagnosed with NCL. Speech delays and/or loss, or visual
loss with visual loss behaviours were the two primary groups of signs or
symptoms associated with CLN2 and CLN3 onset, respectively. Speech deficits
and visual loss were also identified in CLN1 and CLN5 disease. These findings
correspond with the literature regarding CLN1 (Santavuori et al., 2001;
Santavuori et al., 1993c), CLN2 (Fietz et al., 2016; Nickel et al., 2018), CLN3
(Adams et al., 2013; Kuper et al., 2018; Ostergaard, 2016), and CLN5 disease
(Simonati et al., 2017).
An objective of this research was to possibly identify a single sign evident during
the early phase of childhood-onset NCL or at least one disease type. Loss of
coordination or ‘clumsiness’ affected almost half of this A&NZ cohort of index
cases during the evolution of the disease. Parents reported developmentally
normal children who regressed in a range of domains, with a loss of coordination
being a notable finding. Reference to the sign ‘clumsy’ or ‘clumsiness’ was also
identified in the literature including, but not limited to, CLN1 (Ghosh et al., 2013);
late-infantile ‘neuronal lipidosis’ (sic) (Pampiglione & Harden, 1973) or CLN2
(Steinfeld et al., 2002); CLN3 (Perez-Poyato et al., 2011); and CLN5 disease
(Holmberg et al., 2000; Santavuori et al., 2001; Simonati et al., 2017).
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The clinical significance of emerging clumsiness in a child cannot be
underestimated with regards to the onset of a neurodegenerative disease.
Clumsiness may be associated with movement disorders such as ataxia in CLN1
(Perez Poyato et al., 2012) or CLN2 disease (Pérez-Poyato et al., 2012b;
Steinfeld et al., 2002), even before an onset of seizures. It may be associated
with the onset of visual loss in children with CLN3 (M. Hansen et al., 2016).
Clumsiness may be apparent as a loss of dexterity impacting both delicate hand
function resulting in dropped items, to impaired walking such as tripping or falling
also identified in the CLN5 variant (Holmberg et al., 2000; Santavuori et al., 2001;
Simonati et al., 2017). It is of utmost importance that any child with a new-onset
sign of clumsiness or abnormal uncoordinated movements (ataxia), even in the
absence of any other signs or symptoms, be medically evaluated at the earliest
possible opportunity. Additionally, neurophysiological testing including EEG and
MRI investigations should be initiated as recommended (Fietz et al., 2016;
Williams et al., 2006; Williams et al., 1999).
Steinfeld et al. (2002) incorporated clumsiness and falls into the criteria for a loss
of motor function for CLN2 disease. More recently, these criteria (without
specifying clumsiness) were used in the CLN2 Clinical Rating Scale to determine
therapeutic responses to ERT for CLN2 disease (Schulz, Ajayi, et al., 2018).
New-onset-clumsiness was an early sign broadly identified across all four
subgroups of childhood-onset NCL in this A&NZ cohort. Study results supported
by the literature indicate the new sign of clumsiness should be considered in
conjunction with additional specific features of each NCL disease type. For
example, emerging clumsiness associated with new-onset-seizures and a loss of
fine and/or gross motor skills such as ataxia around three years of age (Ghosh et
al., 2013; Pérez-Poyato et al., 2012b), may be indicative of CLN2. Conversely,
increasing clumsiness related to emerging visual loss and ophthalmic pathology
in older children around five years of age (M. Hansen et al., 2016; Lamminranta
et al., 2001), is suggestive of CLN3. Simonati et al. (2017) refers to clumsiness
in four of fifteen children with CLN5, whereas motor clumsiness was the first
reported sign of CLN5 reported by Savukoski et al. (1998).
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In addition to early visual loss, some of the precursor signs of CLN3 in a young
child may be behavioural (Adams et al., 2007; Adams et al., 2013; Ostergaard,
2016; Puga et al., 2000), and these subtle changes are what the parent may
initially sense. Eight parents in this A&NZ cohort reported an early sign of
behavioural signs in their child, but primarily it was parents of children before a
CLN3 diagnosis. Although mutational analysis was not investigated in this A&NZ
cohort, results are aligned with the literature (Adams et al., 2010; Ju et al., 2006;
Mole et al., 2005). Ostergaard (2016) discusses functional visual loss is first sign
identified in more than 80% of CLN3 cases, otherwise early cognitive loss, and
early behavioural problems that are particularly evident in boys. It is of clinical
significance that the first sign of a male sibling with a pre-symptomatic diagnosis
of CLN3 disease was reported to be behavioural changes (the first sign or
symptom of the other facilitated CLN3 diagnosis was not specified). Although
gender was not specifically investigated in this A&NZ study, some parents
referred to their child in gender specific terms.
Childhood-onset NCL is distinguished by a child who is usually, but not always,
reported to be healthy before the onset of symptoms, and there is a notable
absence of facial dysmorphia (Schulz & Kohlschutter, 2013). Except for one child
with mild symptoms such as persistent “glue ear”, this A&NZ cohort were reported
to be healthy before the onset of symptoms. Parents did not describe any preexisting facial dysmorphia evident in their child. Mention was made of a subtle
eye ‘squint’ in one eye, a developing slack jaw, or dark circles under the child’s
eyes but distinctive facial features were not identified in these children,
corresponding with the literature to date (Schulz & Kohlschutter, 2013). Of the
LSDs, NCL is characterised by an absence of facial dysmorphia or organomegaly
(Kingma et al., 2015). Unfortunately, the emerging field of facial recognition in
genetic disorders (Dudding-Byth et al., 2017) is, therefore, unhelpful, and this
again emphasises parent-report and physician recognition as the key to an early
diagnosis of NCL disease.
Initiating investigations
Parents were usually the first person/s to identify the initial changes in their child,
but it was also the child’s mother who was the most likely individual to prompt
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investigations of their child. This emphasises the parent’s pivotal role in first
noticing untoward changes in their child, then advocating for investigation. After
the child’s parents, it was primarily the paediatrician or the ophthalmologist
followed by the GP or the neurologist who were the most likely medical
professionals to instigate investigations of a child, sometimes jointly prompted by
the parents. Parents of children with rare diseases are often the initial person to
pursue or play a fundamental role in the long diagnostic journey for their child (M.
Anderson et al., 2013; Baumbusch, Mayer, & Sloan-Yip, 2018; Elliott & Zurynski,
2015; Kepreotes, 2014).
A dichotomy exists between the allied health professionals who provided a
therapy or assessment before a NCL diagnosis, contrasted with health
professionals who were in a position to investigate emerging pathology in a child.
The former was more likely to be speech or occupational therapists, whereas the
latter health professionals were ophthalmologists, paediatricians, or neurologists.
Speech delays are relatively common in early childhood and do not necessarily
indicate pathology (McGoldrick & Wolfe, 2018). In contrast, a ‘loss of speech’
forewarns of a more sinister disease process. Loss of sentences is specifically
referred to by Pérez-Poyato et al. (2012b) as an early indicator of CLN2 that is
detectable by three years of age. It was also identified in children with CLN3 or a
delayed juvenile phenotype of CLN1 (Perez-Poyato et al., 2011). In addition to
those 15 children with a history of speech delays, three A&NZ children with CLN2
and two children with CLN3 were reported to have experienced early ‘loss or
changes of speech’.
Initial signs and/or symptoms of children in the larger CLN2 or CLN3 subgroups
tended to, but not always, be aligned with either of two categories. These first
included the loss of the communication, cognitive and motor skill of speech, or
conversely, sensory loss with visual impairment in this A&NZ study. The speech
deficits identified during early childhood or the signs of visual loss that emerged
during middle childhood, corresponded with CLN2 or CLN3 disease, respectively.
As a child regresses from the initial speech delays and/or loss to seizures, they
are more likely to be reviewed by a paediatrician or a neurologist before a CLN2
diagnosis. Conversely, slightly older children over five years of age are more
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likely to be reviewed by an ophthalmologist preceding a diagnosis of CLN3.
Mastrangelo (2019) includes sensory loss within a definition of neurological
regression in children. This encompassing description of neurodegeneration
incorporates the visual loss so distinctive of childhood-onset NCL disease types,
but particularly CLN3 (Collins et al., 2006; Steinfeld et al., 2002; Williams et al.,
2006). These predominant findings of speech deficits and/or a sensory visual loss
were also identified across the four NCL disease types in this A&NZ study.
Additionally, investigations were aligned with particular NCL diseases and their
corresponding symptomology. For example, EEG and MRI were early
investigations of the infant and younger children before a CLN1 or CLN2
diagnosis, which is consistent with the literature (Fietz et al., 2016; Peña, La Cruz,
Leendertz, Faneite, & Montiel-Nava, 2007; Sankar, 2017; Santavuori et al., 2001;
Veneselli, Biancheri, Buoni, & Fois, 2001). In contrast, ophthalmic investigations,
including ERG, were undertaken for older children with early signs of visual loss
and ophthalmology review before either a CLN3 or CLN5 diagnosis. This finding
also corresponds with previous research findings (Dulz et al., 2016; Preising et
al., 2017).
It is imperative to recognise that MRI results tend to be normal for children aged
under 10 years before CLN3 changes become apparent (Santavuori et al., 2001;
Williams et al., 2006), perhaps providing an initial false sense of reassurance for
investigating clinicians and families of this NCL disease. More recently, Kohan et
al. (2015) reported MRI changes at an earlier age (five to 13 years) in a cohort of
six children with CLN3 but with more variable mutations than their US or UK
counterparts. MRI was specified 14 times as the fourth most common initial test
undertaken for children in this A&NZ cohort. Corresponding with the literature
(Aydın et al., 2020; Santavuori et al., 1992; Specchio et al., 2017), MRI was more
aligned with initial testing of younger children with CLN1 and CLN2 associated
with an early neurological, rather than an ophthalmological presentation of CLN3.
A clinically significant study result identified extended periods up to nine months
for an initial MRI test for their young child. If the median period of one year for
investigations is considered, potentially three quarters of this delay was waiting
for an appointment for this neurological test, at least for one family. Perhaps
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contributing to further delay, is the need for a general anaesthetic to undertake a
diagnostic MRI test for younger children (Miao et al., 2009; Steinfeld, 2010).
Paediatric sub-specialisation increases the risk that medical care becomes
‘compartmentalised’. The child may be reviewed by multiple medical
professionals for distinctive aspects of their symptomology, ultimately delaying
diagnosis and management. Unfortunately, the handover of clinical information
from a variety of sources may not result in an integrated review of the child’s
condition until many months later, leading to an unacceptable delay in diagnosis.
As both visual and speech loss become increasingly apparent in a child, they may
be independently reviewed by both a speech pathologist and ophthalmologist. A
need for a co-ordinated link between sub-specialities and the families to facilitate
NCL diagnosis is discussed by Kohlschutter and van den Bussche (2019). In
A&NZ, this role largely rested with the paediatrician as identified by eight
responses. Other predominant health professionals prompting the first
investigations of a child in descending order included the ophthalmologist, with
the neurologist or the GP each specified twice. It is noted that with the exception
of the GP in the Australian context, all specialists require a referral perhaps
contributing to further delays in initiating investigations and lack of a coordinated
link between sub-specialties.
The literature refers to the initial pathology that could play an important role in
earlier NCL diagnosis, even before concerted genetic testing. The two usually
younger-onset CLN1 and CLN2 disease types with a soluble enzyme deficiency
can be diagnosed using a dried blood spot test for an enzymatic assay of PPT-1
and TPP-1 before genetic testing, respectively (Barcenas et al., 2014; Itagaki et
al., 2018; Lukacs et al., 2019). Fietz et al. (2016) describes the gold standard of
CLN2 diagnosis is both a deficient TPP-1 enzymatic assay and a genetic
confirmation of the causative mutations in each allele of TPP-1/CLN2 gene.
Similarly, early suspicions of CLN3 disease can be investigated with a peripheral
blood pathology test for vacuolated lymphocytes (G. Anderson et al., 2005; Hart,
Davison, & Cleary, 2018; Kohlschütter, Schulz, & Denecke, 2014). The proviso
is a positive vacuolated lymphocytes test can be indicative but is not specific to
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NCL and CLN3 disease, because it can be identified in other LSDs and rare
diseases (Wraith, 2002, 2011).
The results of this A&NZ cohort indicate an enzymatic assay specific for
either/both CLN1 or CLN2 with a specific soluble enzyme deficiency (Kohan et
al., 2009), was attended before genetic testing became available. Although it is
indeterminable from the study results of other children with these same NCL
disease types, this testing was not initiated until specialist review as documented
in the diary results regarding a child with CLN2. It is a question for future
examination to determine whether GPs are aware of this preliminary but
indicative testing for these two usually younger-onset CLN1 and CLN2 diseases.
A test specific to CLN3, but also some other LSDs (G. Anderson et al., 2005), is
vaculoated lymphocytes. Two parents of children with CLN3 stipulated the need
for this test to be considered to facilitate a timelier diagnosis of this NCL disease.
Although study results cannot confirm whether doctors were aware of this test, it
was not apparent the test was done at an appropriate early stage of the disease.
Parents discussed how this test could prompt earlier consideration of CLN3, and
one parent specifically referred to a particular researcher espousing the benefits
of this pathology test (Kohlschütter et al., 2014). It would be beneficial to examine
whether primary health care physicans were aware of this test for some of the
LSDs, but specifically CLN3 disease. It was apparent one parent had conducted
her own research regarding this pathology test to aid CLN3 diagnosis and wanted
more medical professionals to become familiar with this test.
Surprisingly, the most recent decade 2010 - 2019 included the longest delay for
CLN2 and CLN3 diagnoses identified in this study, but particularly CLN3. This
result corresponds with delayed diagnoses of CLN3 recently reported in the
literature including three siblings (Sachdev & Scotcher, 2019) and other children
(Dozières‐Puyravel et al., 2020; Dulz et al., 2016). The reason as to why the most
medically advanced decade would result in the longest delays in diagnosis is
unclear from the study results, but perhaps accessing the various sub-specialists
with long waitlists has contributed to delays when compared to decades of greater
primary care. In the words of one parent they waited “nine months” to access a
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MRI for her child and another parent circumvented a “six-month wait” for a
paediatric neurologist by paying for a private specialist appointment.
Of the four NCL disease types included in this study, CLN3 had the longest
median time of three years and four months to diagnosis and the longest
diagnostic delay of nine years and nine months. Both the fourteen children in the
CLN2 subgroup and the overall A&NZ study cohort experienced a two-year
median diagnostic delay. This result is a year longer than the median one-year
diagnostic delay of 11 children with CLN2 included in a French cohort reported
by Dozières‐Puyravel et al. (2020). The longest delay of the largest subgroup of
Australian children with CLN2, was a child with a protracted diagnostic delay of
nine years. As CLN2 is the only NCL disease presently with an approved diseasemodifying treatment (Schulz, Ajayi, et al., 2018), the long diagnostic delays
currently experienced by these children must be addressed. Reference to the
need for early diagnosis of NCL diseases is consistently made in the literature.
However, it was not apparent in the literature any recent efforts have been made
since Cismondi et al. (2015) and Stehr et al. (2012) to facilitate physicians,
paediatricians, and ophthalmologist’s awareness of NCL. There is a need for
greater understanding of the prodromal features specific to different childhoodonset NCL diseases and the available precursor pathology tests.
There are some unique characteristics of this A&NZ sample that may have
impacted the diagnostic delay. These include the potential impact of geographical
distance and isolation of families to the nearest capital cities with access to subspecialist paediatric clinicians. Two families whose children were diagnosed with
either CLN2 or CLN3 lived approximately 1,500 kilometers from the nearest
capital city in their state or territory in Australia. One of these families required
travelling to another state to confirm their child’s diagnosis of CLN3. These
distances are vastly longer than the width or breath of the UK or many EU
countries. Kohan et al. (2015) also refers to the geographical distances in South
American countries and a lack of clinician familiarity of this rare disease
negatively impacting the diagnosis of NCL.
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Not only is this A&NZ cohort geographically dispersed from each other, but they
are isolated from their family counterparts in the northern hemisphere where the
predominant NCL research and human clinical trials are undertaken (Masten et
al., 2020c; Neverman, Best, Hofmann, & Hughes, 2015; Stehr & Forkel, 2013;
Worgall et al., 2007). Registries are a valuable source of historical control data if
the clinical data is robust. For example, prospective longitudinal studies provide
rigorous natural history studies of CLN2 (Nickel et al., 2016; Nickel et al., 2018;
Steinfeld et al., 2002) and CLN3 disease (Adams et al., 2013; Masten et al.,
2020b) contributing to serve as a historical control for future studies and/or
devising rating scales of impairment. Data from the DEM-CHILD NCL Patient
Database (Schulz et al., 2015) served as a historical control group for the first
human clinical efficacy trial involving intraventricular infusion of Cerliponase Alfa
for a CLN2 population of 23 children and teens between three and 16 years of
age (Schulz, Specchio, et al., 2018).
In addition to the international advantages of belonging to a patient registry,
sponsors of clinical trials are likely to liaise with family organisations such as
BDSRA to both consult for protocol development and potentially recruit
participants for a study. Maintaining contact with a family support organisation
has the added benefit of linking families with expert clinical teams, forthcoming
studies, education, and family support. Band, Stehr, and Murphy (2020); Stehr
and Forkel (2013) examine the contributions of family organisations and
foundations towards NCL research, both financially and the impact made by
families entrusting their valued resources including patient samples and medical
histories to researchers. It is this mutual support from and for families and family
organisations that facilitates our understanding of the evolution of NCL during
childhood. Potentially, it will serve to differentiate the onset of NCL from more
common childhood conditions and other rare diseases to reduce initial
misdiagnoses.
Excluding the timely international diagnosis of one child with CLN5, the number
of initial misdiagnoses ranged from one to four alternate diagnoses before NCL
was confirmed. Incorrect or incomplete diagnoses tended to be associated with
specific NCL diseases, corresponding with the early presentation of signs and
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symptoms. An example in this A&NZ cohort includes the infant with distinctive
hand movements incorrectly misdiagnosed with Rett syndrome, before CLN1
was confirmed, resulting in a seven-month delay. Rett disease was an incorrect
diagnosis provided before CLN1 was reported in the literature (Hagberg & WittEngerström, 1990; Vanhanen et al., 1994). Epilepsy was an initial misdiagnosis
in over half of the children before the correct diagnosis of CLN2 was made
resulting in a median two-year delay, consistent with delays of a year or more
reported in the literature (Dozières‐Puyravel et al., 2020; Murko et al., 2016;
Nickel et al., 2016). Children with CLN3 were first provided multiple incorrect or
incomplete ophthalmological diagnoses, corresponding with the literature (J.
Collins, 1997; Dulz et al., 2016; Krohne et al., 2010). The child diagnosed in
Australia with CLN5 was initially misdiagnosed with macular degeneration, also
discussed by Santavuori et al. (2001).
The foster child who was not diagnosed with CLN3 until almost adolescence,
alludes to the challenges associated with potential changes in carers.
Fragmented healthcare may create additional vulnerability for children in out-ofhome care (Simms, Dubowitz, & Szilagyi, 2000). Although the delay could not be
quantitatively confirmed with an indeterminable age of onset, four consecutive
misdiagnoses over a period of years provides a glimpse of what this child and
their family encountered. This result also highlights that longer diagnostic delays,
correspond with a transition from early to established symptoms of a specific NCL
disease. Although seizures are not an early feature of CLN3 until late primary
school or early adolescence (Williams, 2015), they were apparent in this child by
the time a protracted diagnosis of NCL was confirmed.
Only one reference was identified promoting health professional awareness of
the differences between and within different NCL diseases (Cismondi et al.,
2015). Broader education programs were directed at medical students regarding
rare diseases but specifically the LSDs (Lavery et al., 2015). In this limited A&NZ
cohort of 26 index cases of NCL, there were a total of approximately 60
misdiagnoses provided to these parents before NCL was confirmed. This result
is aligned with a needs analysis conducted by the US based BDSRA that
identified a total of 30 alternate diagnoses provided to families before a NCL
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diagnosis (www.bdsra.org, 2020). Specific to rare disease diagnosis in Australia,
families consistently experience a delayed diagnosis of a rare disease (M.
Anderson et al., 2013) and this result was consistent with a large-scale European
study (Schieppati, Henter, Daina, & Aperia, 2008).
Diagnostic timeline
The diagnostic delay encountered by the children reported in this study captures
some context for the experience of parents and their families. It reveals each step
of the diagnostic journey from the sometimes-subtle onset of signs and symptoms
until a clearer picture of NCL emerged. It showed the steps parents took to
instigate investigations for their child and identified the health professionals who
reviewed these children before the correct diagnosis was identified.
The life expectancy of children with different NCL diseases was also identified in
this A&NZ cohort. Except for one child who died at 21 years of age, ten other
children with CLN3 were living at the time of my study. Conversely, nine of the 14
children with CLN2 disease had already died. Of the children with CLN2 whose
age of death was specified, all had died during the first decade of life, which
closely corresponds with the reported eight-year median limited survival after
symptom onset (Nickel et al., 2018).
My study findings are consistent with research regarding each of these NCL
disease types, particularly the usually younger-onset and limited life expectancy
of children with CLN1 and CLN2 (Moore et al., 2008; Schulz & Kohlschutter,
2013). Recent research of disease-modifying positive results, particularly for
motor function, has emerged for children with CLN2 receiving ERT (Schulz, Ajayi,
et al., 2018). Children with CLN3 in this A&NZ cohort had a longer life expectancy
than children with CLN2, also corresponding with the literature (Cialone et al.,
2011; Nielsen & Ostergaard, 2013). Although the onset of NCL was the focus of
this study, and not life expectancy, limited results indicated a shorter life
expectancy for children with earlier onset NCL disease.
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Contribution of the prodromal symptoms to recognising the onset of NCL
It is acknowledged that a sign identified in one child with a NCL disease type does
not equate to all children experiencing this sign before diagnosis. For example,
two children in the present study experienced new-onset night terrors before
seizure onset and a diagnosis of CLN2. Reference to night terrors as the first
indicator of this disease type was not identified in the literature but Elkay, Silver,
Penn, and Dalvi (2009) described the older sister of a CLN3 sibship with an onset
of night terrors (and stuttering). Dozières‐Puyravel et al. (2020) highlight the slight
differences and that disease onset was not uniform in a cohort of 20 children with
CLN2. The authors also emphasise the test results usually characteristic and
indicative of a disease may not be apparent.
A child will transition sequentially from prodromal signs to the earliest signs and
symptoms of ataxia, epilepsy, visual loss, and neurological slowing and/or
regression according to the specific NCL disease type. However, a prolonged
diagnostic period could potentially be shortened by health care professionals
having an increased awareness of the potential significance of prodromal signs
and the earliest signs and symptoms of NCL in children. Parental concern in
combination with emerging features including new-onset clumsiness, stalling/loss
of developmental milestones and speech skills, and behavioural changes could
alert the general practitioner (GP) or paediatrician to consider precursor
investigational pathology, electrophysiology tests, or imaging tests. Fietz et al.
(2016) recommends an epilepsy gene panel for children presenting with the
clinical picture of CLN2 disease (speech delays/loss, new-onset epilepsy,
developmental delay/standstill, and/or ataxia in pre-school children). The
increased availably of whole-exome genetic sequencing will likely improve the
diagnosis of children with rarer NCL disease types (Sahin et al., 2017; Sato et al.,
2016).
Figure 36 presents some of the prodromal signs of NCL before the earliest signs
and symptoms become more apparent. These evolving signs will not be evident
in all children with a specific NCL disease type and may even be identified in
another disease type. Identification of these changes by parents, health care
professionals, and educators may supplement the early history of NCL disease
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onset and provide a future focus for investigation. Malcolm et al. (2011)
incorporated diary use for families of children with Batten disease to document
symptom progression in the disease. It was evident at least one parent used a
diary to document the early (and later) progression of their child’s CLN2 disease.

CLN1

•delayed developmental milestones: crawling (infantile)
•secondary microcephaly
•stereotypical hand movements (infantile)

CLN2

•night terrors
•early morning awakenings
•'blank' episodes
•speech delays/loss

CLN3

•moving closer to stimuli (parental suspicion of vision loss)
•new behavioural signs (1st sign of a pre-symptomatic Dx)
•macrographia
•blinking, eye rubbing

CLN5

•loss of fine and gross motor skills (clumsiness)
•loss of concentration
•speech delays/loss

Figure 36: Potential prodromal signs of NCL onset in children
To reduce the diagnostic delays for these children, novel ways of educating
clinicians about NCL are needed. Because the first signs and symptoms of this
A&NZ cohort correspond with early presentations of childhood-onset NCL
disease in the literature, a simplified mnemonic that I initially devised during the
course of this master’s degree can be applied. The symptomology can be
presented as the model 'NEURONS’, or if spelt neurones (Katz & Johnson, 2001;
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Mole et al., 2005), a supplemental 'E' could incorporate the electrophysiology
studies EEG and ERG. The concept of using a mnemonic was devised and based
on the use of 'MUSCLE' developed for the onset of Duchenne muscular dystrophy
(DMD) in children (van Ruiten et al., 2014). Results of this A&NZ cohort identified
an additional two signs or symptoms to the initial category of ‘new-onset ataxia’
for CLN1 and CLN2 disease identified in the literature (Nickel et al., 2018; Perez
Poyato et al., 2012). These include new-onset clumsiness (all four NCL
subgroups) and behavioural changes (CLN3) warranting further investigation
(CLN2). Although additional research is indicated in larger cohorts, recognition of
one or more of these new-onset signs and/or symptoms in a child may prompt
consideration of NCL in the differential diagnosis. Figure 37 is based on the NCL
literature and the study results of this A&NZ cohort.
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•Neurological slowing or standstill
(CLN1, then all childhood-onset NCL diseases)

•Epilepsy - tonic-clonic, myoclonic, EEG
(CLN1, CLN2, CLN5 - CLN8, CLN12, CLN14, later symptom in CLN3)

•Ultrastructural features, autofluorescence, vacuolated lymphocytes (CLN3)
(all childhood-onset NCL diseases)

•Regression - neurobehavioural, motor loss
(all childhood-onset NCL diseases)

•Ophthalmic symptoms, ERG
(early CLN3, then all childood-onset NCL diseases)

•New-onset clumsiness (all subtypes), behavioural changes (CLN3), and ataxia
(CLN1 - CLN2)

•Speech delay and/or regression
(early CLN1, CLN2, CLN5, CLN6, then CLN3)

Figure 37: ‘NEURONS’ first signs or symptoms of childhood-onset NCL diseases
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Neurological slowing or standstill:
In each of the four NCL disease types examined in this A&NZ study, parents
referred to a loss of skills, stalling of the progression of childhood milestones,
and/or a slowing of pre- or primary school skills. In a parent’s words regarding
their child with CLN3, “slowing of skills was extremely difficult to identify and each
year their progression of developmental milestones was less and less”. This
result is consistent with the definition of dementia onset in childhood provided by
Wilson (1972a) and Mastrangelo (2019); highlighting a slowing and then arrest of
language and/or physical skill acquisition before a phase of regression. Slowing
of skills attainment would be extremely difficult to recognise, more so than a
stalling of skills. The child’s peers or siblings may continue an upward trajectory,
but the child’s development slows and/or then stalls. These stages may be subtle,
such as reduced eye contact, before any signs of regression become apparent,
particularly for young infants with CLN1 (Perez Poyato et al., 2012; Santavuori et
al., 1992). Of particular note in the results of this A&NZ study, one child in each
subgroup except CLN5 was provided an initial misdiagnosis of autism.
Responses from three parents indicated their children displayed signs of changed
or reduced eye contact.
Epilepsy:
Epilepsy gene panels are recommended for children in the two to four-year age
group with a new onset of seizures, testing for a range of diseases including NCL
but specifically CLN2 disease (Fietz et al., 2016). The predominant number of
parents in this present study reported their child experienced speech deficits
and/or loss before the onset of seizures and diagnosis of CLN2. In contrast, the
younger child with CLN5 had an onset of seizures before speech loss. It is
emphasised that epilepsy is not usually a symptom identified in early CLN3
(Williams, 2015), as it is for most other NCL diseases such as CLN2 with a usual
onset during childhood (Nickel et al., 2016).
Seizures were only referred to once in the CLN3 subgroup due to the delayed
diagnosis of this particular child. Additionally, CLN6, CLN7, and CLN8 diseases
are also characterised by the early onset of epilepsy (Nita et al., 2016). Ultra-rare
variants affecting children including CLN12 and CLN14 defined by an onset of
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seizures (Nita et al., 2016), also fit the NEURONS model. However, this A&NZ
cohort did not comprise of these rarer NCL variants dominantly found in eastern
European or Middle Eastern countries such as Turkey (Craiu et al., 2015;
Mohamed, 2012; Sahin et al., 2017).
Regression - neurobehavioural and motor loss:
Mastrangelo (2019) defines neurodegeneration in children as a gradual loss of
acquired cognitive and motor skills, with additional sensory loss. The author
emphasises the pivotal focus of diagnosing paediatric dementing disorders is to
discern a preceding slowing or halting of developmental milestones before
regression. This definition of neurodegeneration encapsulates childhood-onset
NCL that impacts the vision at an early stage of the disease, some disease types
more so than others (Preising et al., 2017). Dementia in childhood is the term
predominantly used by NCL researchers (Boustany & Filipek, 1993; Goebel &
Kohlschutter, 2001; Schulz & Kohlschutter, 2013). In the context of this A&NZ
study, parents responses referring to regression was described as developmental
milestones impacted or ‘stalled’, and a loss of pre- or primary school skills.
New onset clumsiness, behavioural changes, and/or ataxia:
Clumsiness. New onset signs and/or symptoms fit this NEURONS model. The
onset of the new sign of clumsiness was identified across all four NCL subgroups
and almost half of the A&NZ cohort of index cases. It was the most often identified
sign after the two main groups of speech loss and/or vision loss symptomology.
Behavioural changes. Early behavioural changes were more often associated
with CLN3 but were also identified in some of these A&NZ children with CLN2
disease. Of clinical significance, is that behavioural changes were specified as
the first symptom parents noticed several years after their younger child’s presymptomatic diagnosis of CLN3. Further detail is warranted regarding the types
of behavioural changes some of these children experienced. Six children were
reported to display changes in social skills with their friends. One child with
behavioural changes was initially misdiagnosed with ADHD and another child
received a preliminary psychiatric misdiagnosis of anxiety, before their diagnoses
of CLN3. These results correspond with reports of children with CLN3 being
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misdiagnosed with a variety of psychological disorders such as ‘hysteria’ (Spalton
et al., 1980), ‘a non-organic visual loss’ and psychological review at five years of
age (Collins et al., 2006).

.

Ataxia. Changes to gait or ataxia were also identified in the results of this A&NZ
study. This was most notable for the youngest children in the cohort with CLN1
and CLN2. These responses included ‘changes in crawling’ or ‘changes in
walking’ of the early sign’s parents noticed in their child. Parents of the infant with
CLN1 reported that their child never crawled, and this was the first sign that
alerted them something was amiss with their child.
New-onset sleep disturbances. Although this symptom was only reported twice
and does not presently fit into the NEURONS model, it warrants a special mention
of the potential for early sleep disturbances to precede epilepsy and/or
neurodegeneration. Sleep symptoms may be a precursor to neurodegenerative
diseases (Gadoth & Oksenberg, 2014), and possibly be identified before the
progressive speech loss of CLN2 or vision loss of CLN3. Two children
experienced night terrors before seizure onset and the diagnosis of CLN2
disease. Sleep disturbances are well documented as an established symptom of
childhood-onset NCL diseases (Kirveskari, 2000; Kirveskari et al., 2000;
Santavuori et al., 1993b; Schulz & Kohlschutter, 2013; Simonati et al., 2017;
Williams et al., 2006). However, they are rarely specified in the literature as an
early sign of NCL with exceptions such as infantile-onset NCL (Santavuori et al.,
1993b).
Eight children in a cohort of 11 patients including teenage/adult-onset CLN6, all
showed poorly organised EEG background and light sleep showed excessive
rhythmic alpha-beta activity soon after clinical onset of the disease (Canafoglia
et al., 2015). The significance of sleep disturbances and EEG findings before
diagnosis such as the lack of sleep spindles in a cohort of 18 children with pregenetic diagnoses of late infantile NCL (sic) (Veneselli et al., 2001), warrants
further investigation. These non-specific reports of new-onset sleep disturbances
(night terrors and early-morning awakenings) in the present study held
significance for parents but were disregarded by clinicians in several instances.
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New-onset sleep disturbances were found to be significantly associated with
emerging seizures and visual loss in childhood-onset NCL (Lehwald, Pappa,
Steward, & de los Reyes, 2016).
Speech delay and/or regression:
Almost all the children with CLN2 in this A&NZ study had a history of speech
delays and/or regression, prior to the onset of seizures. Additionally, early speech
delays

were

identified

in

the

infant

and

young

child

with

CLN1,

uncharacteristically in two children with CLN3, and also CLN5, as reported by six
parents. A poster devised by the student researcher based on the literature was
presented at a BDSRA conference in Nashville, US in July 2018 and at a
Lysosomal Diseases conference in Auckland, New Zealand during February
2019. The poster is provided in Appendix 16.
Different sequence of NEURONS model according to disease type
The study results identified a different sequence of the first signs and symptoms
in the NEURONS model for each NCL disease. A cohort of 15 children with CLN5
had an onset of impaired learning and cognition and language decline, but two
children first experienced seizures and four children had behavioural changes as
reported by Simonati et al. (2017). Holmberg et al. (2000) reported a similar onset
of clumsiness and a loss of concentration in three Finnish cohorts (Santavuori et
al., 1991; Santavuori et al., 1982). There is some variance between children with
the same disease type and identical mutations identified in the literature (Mole et
al., 2005), with differences reported amongst siblings with the same NCL disease
type. For example, one sibling with a CLN5 diagnosis first experienced loss of
fine and gross motor skills, whereas the second sibling had speech delays and
an onset of cognitive loss (Lebrun et al., 2009).
Figure 38 provides the temporal sequence of symptom onset of the four disease
types: CLN1 - CLN3 and CLN5 based on the present study results. The proviso
is there can be differences in the leading signs and symptoms between children
with the same NCL disease type, and even siblings with the same disease
mutations (T.-S. Lee, Poon, & Chang, 2010). In view of the limited numbers in
the CLN1 and CLN5 subgroups of this study, further support is provided by the
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literature (Bessa et al., 2006; Holmberg et al., 2000; Perez Poyato et al., 2012;
Santavuori et al., 1993c; Simonati et al., 2017).
CLN1
Developmental
milestones

CLN2
Speech loss

CLN3
Visual loss

CLN5
Motor skills

1. Neurological delayed/loss
developmental
milestones

7. Speech
delay/loss

5. Ophthalmic
changes & visual
loss, colour
vision

1. Neurological stalling/loss fine
& gross motor
skills

2. Regression motor,
secondary
microcephaly

6. New-onset
clumsiness &
later ataxia

6. New-onset
behavioural
changes &
clumsiness

4. Regression psychomotor

6. New-onset
clumsiness,
ataxia & handwringing

2. Epilepsy
including
myoclonus

1. Neurological
slowing/stalling

7. Speech
delays/loss

7. Speech
delays/loss

1. Neurological
slowing/stalling

4. Regression psychomotor

6. New-onset
clumsiness,
behavioural
changes & ataxia

5. Ophthalmic
signs and visual
loss

4. Regression psychomotor

7. Speech loss

2. Epilepsy - can
be the first
symptom in
some children

2. Epilepsy

5. Ophthalmic
signs & vision
loss

2. Epilepsy (late
symptom)

5. Ophthalmic
signs & visual
loss - can be an
early sign

3. Ultrastructural,
PPT-1 enzyme &
genetic testing

3. Ultrastructural,
TTP-1 enzyme &
genetic testing

3. Ultrastructural,
vacuolated
lymphocytes &
genetic testing

3. Ultrastructural
features &
genetic testing

Figure 38: Different sequence of the ‘NEURONS’ model based on NCL disease
Key parent informants
This study was developed with key parent informants who reviewed the draft
survey during the consultative phase of the study. The most valuable feedback
received was the need to tailor the survey for a slower progressing NCL disease
such as CLN3. It also confirmed the survey questions were sensitively written for
this particularly vulnerable population, many of whom were bereaved or caring
for their child or children with a life-limiting disease and were dependent on
medical care. This expert contribution strengthened the study in terms of
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increasing its sensitivity for the possible grief experiences of respondents,
recognition of ethical considerations, and the flow and content of the survey itself.
Inclusion of free text
The inclusion of additional free text gave a voice to the parents rather than
constraining them to answer what was asked. These data revealed that parents
did not feel listened to or ‘believed’ when they expressed their concerns to
medical professionals at the onset of their child’s symptoms. When parents finally
received their child’s diagnosis, sometimes after many years, any sense of ‘hope’
they may have held onto was promptly extinguished. After establishing links with
other families after diagnosis, a sense of 'comradery' emerged between parents
who shared a common understanding of their mutual challenges.
‘Not being believed' arose from parent's experiences of sensing something was
wrong with their child or children, but being doubted by medical professionals.
Ostergaard (2016) discussed parents becoming suspicious that there something
was amiss with their child's vision between five and six years of age in a child
with CLN3. Closely examining the timeline in this study from the onset of a subtle,
vague, and indefinable presentation to more tangible signs and symptoms can
be described as the prodromal phase of CLN3 disease. Non-specific new-onset
symptoms, including slowing of developmental progress, clumsiness, sleep
disturbance or concerns about vision, held significance for parents but were
disregarded by clinicians in many instances.
In a UK study regarding pre-hospital diagnosis of leukaemia in children, R. T.
Clarke, Jones, Mitchell, and Thompson (2014) uses a GP’s description of a
mother ‘shouting from the rooftops’. Despite this, no-one was listening because
she was not ‘saying the right words’. Several GPs in that study admitted that they
perhaps had not heeded the concerns of the parent enough. Not being believed,
prompted parents to circumvent primary care practice at times. Similarly, parents
in this A&NZ study describe bypassing delays and roadblocks in investigations,
in preference to waiting protracted periods for appointments or tests for their child.
R. T. Clarke et al. (2014) reiterated a warning from GPs to highly regard a parent
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who is saying their child ‘is not right’. It is cautionary to heed a parent’s sense of
intuition, especially with regards to subtle behavioural changes in their child.
‘The need for hope’ was introduced by one parent in describing how the diagnosis
of NCL was delivered. Compared with a diagnosis of NCL in previous decades,
a more recent NCL diagnosis may potentially allow a cautious degree of optimism
for some children and their families. Presently, this is limited to a small number
of families with a child affected by CLN2 disease. One parent discussed the
impact of being told by their physician in recent years, that “there is nothing we
can do” for CLN2. This statement left no initial possibility of any hope for this
family, who embarked on their own journey of finding out what could be done for
their son. Stepanek (2008) also refers to parents seeking out potential clinical
trials that were actually available, after they were offered “no hope” at the time of
their child’s diagnosis.
‘Support’ was frequently raised in the free text data responses participants used
to describe the care parents provided each other in the early diagnostic period.
Families shared many personal aspects of their most inconceivable
circumstances. Access to other families or the support that can be provided by
the Batten Disease Association (sic) may assist the family after a diagnosis of
NCL (Collins et al., 2006). Supportive and sustained friendships developed
between

parents,

affected

children,

and

other

unaffected

siblings.

Overwhelmingly, most respondents indicated that they found the BDSRAA
supportive and informative. Sometimes, this assistance was supplemented by
their health care professionals. The internet, but particularly social media, made
the world a little smaller and bridged international gaps for families affected by
NCL. These study results correspond with recent research regarding the role
played by family support organisations specific to NCL or Batten disease and
families (Band et al., 2020; Schulz et al., 2020).
Part B of the survey
Part B of the survey was completed by almost all participants, emphasising the
importance parents placed on genetic testing for their families. The majority of
parents undertook genetic mutational analysis for themselves and also carrier
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testing for their unaffected children. The former was a pre-requisite to proceed
with genetic testing of their children and/or undertake family planning options
before proceeding with IVF and PGD. Sometimes, this testing was actively
discouraged by medical professionals and deferred until the child would be old
enough to undertake this carrier testing themselves.
Parents reported in free text that they experienced medical, legal and sometimes
financial ‘limitations’ in their choices to undertake carrier genetic testing of their
other children. For example, A&NZ families sought genetic testing of
asymptomatic, but at-risk siblings of an affected child. Sometimes they were
impeded by clinicians from proceeding with predictive testing. This tendency for
families to seek predictive testing will only increase, as more treatments emerge
for a greater number of NCL diseases. They also sought ‘clarification’ for
themselves and their families through genetic testing before making fundamental
decisions about family planning and other far-reaching implications. Parents
sought medical and/or genetic counselling direction to confirm mutational
analysis before they could proceed with family planning options. Throughout this
process, parents experienced a high degree of ‘uncertainty’ about what testing
they could proceed with or what legal restrictions were placed on them regarding
genetic testing.
Some parents discussed that they would have tested other ‘at-risk’ children but
were restricted by medical professionals not to proceed with genetic testing.
Another parent discussed they were not psychologically prepared to initiate this
testing but knew they would need to. Parents remained uncertain what the future
held for their younger children. These results correspond with Adams et al. (2014)
regarding a reluctance of medical professionals to predictively genetically test ‘atrisk’ children, particularly if there is not a current treatment. The results of the
present study are aligned with this US study, with parents also being identified as
knowledgeable regarding genetic testing of their children. The majority of A&NZ
participants actively sought predictive testing of ‘at-risk’ other children and would
prefer to know ahead of time if another child were to develop “Batten disease”
but were actively discouraged from proceeding with this testing. As more
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treatments become available for a wider range of NCL diseases, the reluctance
of medical professionals to support predictive genetic testing will likely diminish.
The complexity of some of the genetic testing questions in Part B of the survey is
acknowledged. Although all of the survey questions were reviewed by the three
key informants in phase one of the study, it is possible other participants may
have found some of the questions ambiguous and the responses difficult to
differentiate. This particularly applied to question 50 and it is recognised that the
double negatives in this question and responses would be potentially confusing
for the study participant. An example would be ‘Did you decide not to pursue
genetic testing for these children?’. This question and the potential responses
would be amended in a future draft of the survey.
The role of the genetic counsellor was important to guide the decisions these
families were faced with, but the support was not always reported as positive.
Some families indicated they were seeking additional education and support to
undertake genetic testing, especially regarding their broader family, including
nieces and nephews. One parent discussed how they have contributed to
educating genetic counselling students regarding NCL and facilitating the delivery
of life-limiting diagnoses to families. This experience is aligned with a recent
article by VanderVeen (2020) with guidance on providing the NCL diagnosis of a
child to parents in an empathetic and realistic manner yet avoiding despondency
despite the possibility there may be no viable treatment options. Genetic
counselling services for parents of children with NCL disease may benefit from
recent efforts by BDSRAA to provide tailored education about NCL to students
completing a genetic counselling course in an Australian university.
Families are appealing for more health professionals to become informed of this
rare disease impacting their children. They want a wider range of professionals
to be aware of the early diagnostic tests presently available for certain NCL
diseases. One parent discussed that promotion of ‘‘Batten disease’’ day 31 March
each year could help develop a greater awareness of this rare disease, also
supported in the literature (www.sosdoctors.com.au/shining-the-spotlight-onbatten-disease).
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Strengths and Limitations
This study broadly examined the clinical onset of four childhood-onset NCL
diseases in this A&NZ population. There are limited but increasing numbers of
recent international studies that define the pre-clinical phase of NCL in children,
particularly for the classic CLN2 (Dozières‐Puyravel et al., 2020; Nickel et al.,
2018; Pérez-Poyato et al., 2012b) and CLN3 diseases (Adams et al., 2013;
Masten et al., 2020b; Perez-Poyato et al., 2011). This study sought to ‘fill a gap’
of a lack of recent NCL childhood studies within the Australian context. Both
Australia and New Zealand have a lower incidence of NCL in their populations,
comparative to other countries such as Norway and the eastern Canadian
province of Newfoundland (Augestad & Flanders, 2006; Moore et al., 2008).
Although it was difficult to source participants from previous decades, the
participation rate was 60% of the estimated A&NZ NCL study population for the
decade the study was undertaken.
The main strengths of this study were the inclusion of consumer involvement or
key informant review in the development of the survey. There is increasing
emphasis of community-involvement in the design before and during participatory
research, particularly relevant to rare genetic diseases (R. Sharp & Foster, 2000).
This A&NZ study confirmed a median two-year diagnostic delay these children
and their families experienced and provided a platform for families to share their
stories. As health professionals, we need to listen more closely.
An important contribution of this study is that it has provided a window into the
early evolution of NCL onset in this cohort of A&NZ children, as reported by their
parents. Many of these results are aligned with the international literature, but
some are uniquely specific to NCL onset in Australasia. The focus of this study
has been on the earliest or prodromal stage of NCL onset in children. Of clinical
significance is the early new-onset sign of clumsiness was identified across all
four NCL diseases and almost half the cohort of index cases. Although only
identified in two children, the implications of night terrors preceding speech
deficits and seizures in CLN2 disease warrant further investigation. The
fundamental connection between these signs and/or symptoms, sometimes a
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single sign such as a new-onset blinking (n = 1) in a child before a CLN3
diagnosis, is the parent. Parental concern is the link between the sometimessubtle onset of NCL during childhood and diagnosis. Our role as health
professionals is to mediate diagnosis for these families.
Benjamin et al. (2013) refers to the neurological “doorway diagnoses” that are
easily recognisable such as Marfan or Down syndrome. Conversely, just over half
of paediatric neuropsychiatric disorders may present without intellectual disability
or an overt phenotype. Childhood-onset NCL is one of the neurological conditions
included in the latter group, contributing to initial missed diagnoses. The author
specifies the main distinctive findings of NCL in children including dementia,
seizures, ataxia, and other movement disorders. Although NCL was not referred
to in the categories of speech and visual symptoms in this review of heritable
causes of psychotic onset during childhood or youth, it closely parallels the
NEURONS model of NCL onset in children.
Two historical UK references acknowledge omitting potentially vital aspects of
NCL onset in children. Pampiglione and Harden (1977) refer to the only common
neurophysiological finding across a cohort of 60 children with either the infantile,
late-infantile, or juvenile onset NCL (sic) of an early loss of the ERG. Additionally,
the authors acknowledge they disregarded early insidious signs and/or symptoms
of the disease in the context of their difficulty to quantify or clearly establish.
These included ‘delayed milestones’, ‘behavioural problems’, and ‘failure to
thrive’. Although possibly instrumental in early onset NCL, they were overlooked
in preference to tangible symptoms such as seizures and visual loss. Specific to
‘juvenile Batten’s disease’ (sic), Spalton et al. (1980) describe how additional
symptoms such as speech deficits, tantrums, poor learning, and loss of recent
memory were not noticed in the midst of visual loss. All these signs and symptoms
are clinically significant to the onset of childhood-onset NCL disease. They
broadly correspond with the delayed milestones, behavioural changes, cognitive
and memory loss, speech delays, and visual loss reported in these A&NZ
children.

206

It is recognised there were considerable design limitations and other factors that
may have impacted study results. The retrospective nature of the survey required
recollections over an extended period of years, and in many cases decades. It
also addressed a topic likely to induce levels of grief and trauma, making such
recollections more difficult. Despite this, parents were seen to accurately convey
the onset of their children’s symptoms before the diagnosis of NCL. Some parents
supplemented their survey answers with details from their child’s documented
medical history or a diary. Regardless, a unique personal memory is considered
to be a reliable aspect of a biographical memory (Brewer, 1986; J. Robinson &
Swanson, 1990).
The multiple terms, names, and eponyms of NCL may have limited the
identification of relevant literature and the research available in English. Overall,
the use of NCL is favoured, or a combination of both NCL and Batten disease in
a journal article title, abstract, or text (Mole, 2004a; Williams & Mole, 2012).
Batten disease can refer specifically to the single NCL disease - CLN3, or
conversely, used generically to broadly incorporate all NCL diseases. Batten
disease tends to be the preferred term used in community-based literature or
media transcripts. The provision is, if Batten disease refers only to CLN3 disease,
it should explicitly specify this. Media reports of a treatment for 'Batten disease',
need to stipulate that it is presently for the one NCL disease only - CLN2,
otherwise there is a risk of generalisations being made about other NCL diseases.
One parent recounted having well-meaning friends alert them of the news of a
treatment for 'Batten disease', when they were fully aware this treatment was not
available for the CLN3 disease affecting their child.
There was a reasonable possibility that only a small number of parents would
participate in this study. An inherent risk of any rare disease research, including
NCL is the smaller population of families (Schulz et al., 2020), and the limited
number of affected children diagnosed with NCL in A&NZ. There are relatively
fewer affected families in Australasian countries (Muller et al., 2001; Oishi, Ida,
Kurosawa, & Eto, 1999), compared to some European or other countries with
larger populations and a higher prevalence of NCL (Järvelä et al., 1991c; Moore
et al., 2008; Sleat et al., 2016). The limited numbers of children with CLN1 and
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CLN5 disease reported in this A&NZ study is acknowledged. The severity and
associated morbidity of NCL may have also contributed to parents feeling unable
to invest their energy beyond the day-to-day essentials of caring for their child.
Families were advised in the PIS not to consider participation if they were recently
impacted by bereavement or other factors negatively affecting their family. It was
likely families who had experienced the death of their child in the year preceding
this study may have opted not to participate or found it difficult to complete a
survey. In retrospect, advertising the study for a longer period before it was
opened may have been beneficial to recruitment. Providing a more user-friendly
version of the survey to save and progress through the questions may have
potentially reduced the number of incomplete surveys that were evident in the
study results.
Two aspects were not investigated in the study, including consanguinity and
mutational analysis. The former was not enquired given the relatively small
sample within the A&NZ population. Although participants specified their child’s
NCL disease, the mutations were not requested and beyond the scope of this
study. It is acknowledged that differences in mutations are sometimes associated
with a slightly different disease onset. For example, a less variable clinical
presentation is associated with a typical CLN5 gene defect in a Finnish population
(Holmberg et al., 2000), compared with other populations (Bessa et al., 2006;
Cannelli et al., 2007),
It is acknowledged that this present study was solely focused on the early clinical
signs and symptoms of childhood-onset NCL. This does not intend to disparage
the primary role of investigations such as MRI, EEG, and ERG towards the
diagnosis of childhood-onset NCL but investigating the significance of these tests
was outside the scope of this study. Instead, the focus was on the clinical onset
of NCL and the health professionals who reviewed these children before
diagnosis. The pivotal point of this thesis is the fundamental role of the clinician,
who is the first ‘port-of-call’ for families to feel listened to as they raise concerns
about their child. This point comes back to the essential role the family GP can
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play in investigating and advocating for these families in the diagnosis of a rare
disease (Dudding-Byth, 2015), such as NCL.
Study interpretation: The clinical significance of this A&NZ study was the
identification of a diagnostic delay for most children in this cohort. Half of the
children had an onset of symptoms between two and five years of age, and threequarters had a disease onset before five years of age. This is during a period
when Australian children receive limited child health nurse review in between
vaccination

schedules

at

eighteen

months

and

four

years

of

age

(https://immunisationhandbook.health.gov.au/resources/handbook-tables/tablenumber-of-vaccine-doses-the-child-should-have-received-by-their). This study
identified the median age of onset at three years of age in this A&NZ population,
and also corresponded with the mode of three years. There were five children
who had an onset of symptoms just before their third birthday and all except one
child was diagnosed with CLN2 disease, aligned with the literature (Specchio et
al., 2017). The exception was a child with a late-infantile phenotype of CLN1 with
an onset at three years of age. Study results also identified the earliest signs and
symptoms of childhood-onset NCL and highlighted new-onset-clumsiness as a
significant additional sign to the list.
Future directions: This research has demonstrated that diagnosis of NCL during
childhood was consistently delayed in this A&NZ cohort, but especially for
children with CLN3 disease. Epilepsy played a central role for all four NCL
diseases, with the exception of early onset CLN3. The emerging widespread use
of encephalopathy epilepsy gene panels in the investigation of children with
epilepsy (Fietz et al., 2016), will potentially reduce the delays children currently
experience before a CLN2 diagnosis. The types of seizures children experienced
in the early phase of the disease lend themselves to further research. Further
examination of the early types of epilepsy (myoclonus, febrile-onset seizures)
children experience before a CLN2 diagnosis would be valuable.
Any potential significance of early night terrors with childhood-onset NCL
diseases needs to be further explored, especially in context with speech delays
and/or loss. Two children in the present study experienced night terrors before
209

any other symptom and a diagnosis of CLN2 disease. Although not specific to
CLN2 disease, an example was identified in the literature of the older of two
sisters with CLN3 who experienced night terrors between one and two years of
age, after previously achieving normal milestones (Elkay et al., 2009). Night
terrors were also associated with an onset of stuttering, two signs and symptoms
identified much earlier than the characteristic onset of CLN3 disease between
five to six years of age (Ostergaard, 2016)
One parent in this A&NZ study observed a new-onset of “blinking” in their child
before a CLN3 diagnosis. It could not be confirmed whether this study finding was
associated with a visual symptom (Bazazi et al., 2013) or as a precursor or
associated with seizure onset (Lagarde et al., 2020). Seizures are rarely identified
early in the course of CLN3 disease. Perez-Poyato et al. (2011) indicated seizure
onset as the first symptom of one of 13 children with CLN3 (genetic diagnosis
and/or FPP). This single case was confirmed ultrastructurally with fingerprint
profiles but possibly not a genetic diagnosis of CLN3. Ten juvenile cases
designated as Spielmeyer (sic) disease in a cohort of 60 children demonstrated
early EEG changes of slow waves and spike complexes (with no history of clinical
epilepsy). The authors recommended electrophysiology studies, even if
presenting with a primary visual problem (Pampiglione & Harden, 1977). This
opens the door for investigation of this sign as a potential early indicator of seizure
activity, but particularly, absence seizures in children in conjunction with other
NCL specific signs and/or symptoms (Canafoglia et al., 2015; Pérez-Poyato et
al., 2012b). Brodsky (2016); Schlaggar and Mink (2003) refer to this sign of
blinking and a potential association with neurodegenerative disease in children.
Treatments for a greater number of NCL diseases on the horizon include gene
replacement therapy and adjunct complementary therapies. It is imperative that
the diagnostic delays these families continue to experience are addressed,
particularly the longer delays of CLN3, to coincide with evolving treatments for
more NCL diseases. Repschläger (2020) discusses the “extended medical
journey” regarding a need for earlier diagnosis of NCL. The author refers to the
prolonged trajectory for NCL diseases such as CLN3 having a longer therapeutic
window for interventions.
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Despite the progress made in recent years of genetic testing and diagnosis of
NCL (Kline et al., 2019; Mole & Cotman, 2015; Zhong et al., 2000), more research
is needed. That is, how to improve the likelihood that a clinician or allied health
professional will actually consider the differential diagnosis of NCL when faced
with a child presenting with prodromal symptoms. This could include education
programmes towards health professionals such as speech pathologists,
ophthalmologists, and a broader range of primary care health professionals.
Specifically regarding childhood-onset NCL, Puga et al. (2000) emphasised “the
key issue is to consider the diagnosis at all” by medical professionals. These
A&NZ parents have provided ‘clinical pearls’ about hindrances and facilitators of
diagnosis throughout this study that may shape future directions of NCL research.
As more treatments become available, general practitioners and allied health
professionals will be required to recognise the potential significance of parental
concern combined with prodromal signs. Although genetic testing may not be
warranted at this stage, they could be educated about the utility of precursor
pathology such as white cell enzymes for the early detection of a neurogenerative
disease such as NCL, specifically enzymatic assay for PPT-1 and TPP-1 for
CLN1 and CLN2, respectively (Barcenas et al., 2014; Kohan et al., 2009),
respectively. Educating GPs and allied health staff about prodromal red flags for
neurodegeneration in children may assist wait list triaging by other specialists.
There is a need for increased awareness of NCL for health professionals such as
speech pathologists and ophthalmologists as previously discussed. Additionally,
there is a role for pathologists to identify vacuolated lymphocytes as a precursor
to further investigation of LSDs, but particularly the NCL disease - CLN3. The role
of EEG testing was fundamental as the first investigation undertaken for 20 A&NZ
children before a NCL diagnosis. This result corresponds with the literature (Fietz
et al., 2016), especially for usually younger-onset NCL diseases such as CLN1
and CLN2. A specific aspect of EEG testing may contribute to an earlier diagnosis
of NCL. The importance of detecting an absence of ‘sleep spindles’ during EEG
recordings is emphasised in the literature regarding CLN1 and CLN2 diseases
(Santavuori et al., 1992; Veneselli et al., 2001; Veneselli, Biancheri, Perrone,
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Buoni, & Fois, 2000). An incomplete study without a period of sleep recording,
should alert the technician and physician to this aspect of EEG testing as a critical
contribution towards an earlier NCL diagnosis. Similarly, EEG results indicating
early photosensitivity at low level stimulation frequencies of 1-3 Hertz (Hz) may
be indicative of CLN2 disease, supported by MRI abnormalities (Specchio et al.,
2017).
There is more to learn about the role of sleep and sleep disturbances in the
evolution of childhood-onset NCL. Links of REM-disordered sleep with adultonset Parkinson’s have been identified (Postuma, Aarsland, et al., 2012;
Postuma, Gagnon, & Montplaisir, 2012). It is feasible that new sleep disturbances
including night terrors may be linked with the onset of some forms of epilepsy (R.
Robinson & Gardiner, 2000), and may be a precursor symptom to specific NCL
diseases with early seizure onset.
Finally, facilitating family access to tests such as MRI and referral to specialist
neurology or paediatric review may reduce the investigational phase during the
latter half of the diagnostic delay. This is a role the GP may facilitate and provide
advocacy for families who are contending with six or nine-month delays for initial
investigative tests or awaiting specialist review. There is a potential for improved
family access to other diagnostic testing including ophthalmology tests such as
ERG. This electrophysiology test contributes to the diagnosis of childhood-onset
NCL disease types with early visual loss such as CLN3 (Collins et al., 2006),
aligned with or preceding genetic testing.
6.1 Conclusion
This study identified a median two-year diagnostic delay of NCL for these A&NZ
children, the first half consisting of delays commencing investigations and the
latter half incorporating investigations. Potentially, both the early symptomatic
and the investigative phase of the disease could be lessened by earlier
recognition of the two main groups of symptomology of speech delays/loss with
CLN2 or visual loss/visual loss behaviours associated with CLN3 disease.
Speech pathologists assessed children before a CLN2 diagnosis, and
ophthalmologists reviewed children before a diagnosis of CLN3. These health
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professionals could positively impact the diagnostic delay these families currently
experience. The differential diagnosis of NCL should be considered with an
emerging clumsiness in a young child with a history of speech delays/loss or
conversely, a new onset visual loss.
The results of this study may help raise awareness of the early symptomatic
phase of childhood-onset NCL within the A&NZ context. The study data are well
aligned with European, UK, and US NCL research regarding the age of onset of
predominant NCL diseases, variable symptomology between and within each
disease type, and corresponding diagnostic delays of NCL onset in children.
Although a relatively small cohort, to our knowledge it is the largest and most
recent study of NCL childhood-onset NCL in A&NZ, building on the work of
Meikle, Fietz, et al. (2004); Muller et al. (2001) regarding CLN1 - CLN3 diagnosis.
NCL is one of the most devastating diagnoses a parent could receive for their
child. Some of these families have been delivered the unfathomable diagnosis of
a second child with NCL. Since the identification of the first NCL genes (Lerner
et al., 1995), researchers have sought to identify disease-modifying therapies,
when previously there were none. The last few years have witnessed tremendous
developments for families affected by this life-limiting disease. This has resulted
in profound changes for some families and has allowed them to hold onto hope
a little more tightly. Internationally, the world has opened with emerging
possibilities to be included in clinical trials or gain access to a disease-modifying
treatment for children with CLN2 (Kohlschutter et al., 2019; Mole et al., 2019;
Schulz, Ajayi, et al., 2018). Australian families are travelling to other countries for
their children to participate in clinical trials or access a treatment. Increasingly,
emerging treatments for a wider range of NCL diseases are on the verge of
positively impacting more families, but only if a timely diagnosis is made.
This is a time of transition for those living with the spectre of NCL. For some it is
a time of hopefulness with emerging research and the potential for therapeutic
options. For others, hope is extinguished with the realisation that their child's
neurodegeneration has progressed to a degree that may possibly exclude trial
participation or acceptance onto an approved pharmaceutical treatment. The
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parents who have contributed to this study have revisited an exceedingly difficult
time in their lives in order to share their experiences with others in the hope of
positive outcomes for future families. This thesis acknowledges the contributions
of medical researchers to date, but especially honours the families who have
been catalysts for change in the recognition and management of NCL or ‘Batten
disease’ now, and into the future.
-------
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8. Appendices
Appendix 1

Study design

The consultative phase: Consultation with key informant parents
•

submission/approval of ethics application to HREC via RIMS

•

maximum 6 couples/potentially n = 12 parents

•

selective recruitment, voluntary participation

•

parents are on the BDSRA Australia (BDSRAA) committee

•

signed voluntary informed consent by each participant

•

right to withdraw from this phase of the study at any time

•

confidentiality of participants maintained

•

parents review but requested not to complete the survey - by email/post

•

participants could still opt to anonymously participate in the survey phase

The
consultative
phase

• Survey
review

Ethics
variation

• Resubmit
to HREC

The survey
phase

• Data
collection

The survey phase: Data collection
•

variation approved by HREC prior to the survey phase commencing

•

parents of n = 130 Australian children, n = 20 NZ children

•

purposive recruitment, voluntary participation

•

4 organisations approached to advertise study before the survey phase opened

•

informed implied consent

•

access to the survey phase PIS

•

snowballing recruitment possible

•

confidentiality and anonymity maintained

•

on-line REDCap® or hard copy surveys accessible from BDSRAA

•

one survey (or a second copy by another parent) completed for each child
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Thesis timeline

Appendix 2

Literature
review
Ethics

Undertaking literature review of historical and 2015 - 2016
recent journals
Ethics preparation NEAF - Level 3
2016
Ethics preparation HREA - Level 3
2017
Literature review
2016 - 2017
Confirmation Confirmation and protocol preparation
May 2017
Ethics submission HREC vis RIMS - Level 2
April 2018
Ethics minor amendments HREC via RIMS
May 2018
Consultative The consultative phase recruitment
October 2018
phase
The consultative phase conducted
November January 2018
The consultative phase data analysis
February 2019
Resubmission survey for ethics variation
May 2019
Resubmission amendments for HREC via RIMS June 2019
Survey
The survey phase data collection
October 2019
phase
Secondary recruitment (one week)
November 2019
Data analysis December 2019 - February 2020
Dec 2019 Feb 2020
Completion thesis writing
Dec 2019 September 2020
Final draft reviews by supervisors
June - September
2020
Thesis submission
30 September
2020
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Study budget

Appendix 3

•

pre-paid mobile telephone with SIM card designated for the study - $100

•

possible secondary recruitment expenses of printing and postage - $100

•

student researcher attended a three-day statistical course UoN - $400

•

annual membership of Survey Monkey® subscription 2017 - $324 AUD

Publication plan
The student researcher prepared one journal article during the final twelve
months of candidature. A broad narrative literature review was undertaken of
research regarding early NCL symptomology and diagnosis. A second journal
article comprised of the study design and results of the survey phase data
collection is in draft form. This article describes the diagnostic timeline of A&NZ
families and the early NCL symptomology of their children. Specific rare disease
journals such as Orphanet Journal of Rare Diseases or the Archives of Disease
in Childhood was determined to be most suitable for the literature review journal
article prepared for publication.
RTS funds
Each year of candidature from mid-2015 until thesis submission, as a student
researcher I was allocated the part-time equivalent of the student researcher
‘Researcher Training Scheme’ (RTS) funds to assist the completion of the study.
In consultation with all three supervisors, these funds were used to purchase a
Samsung iPad and a Dragon Naturally Speaking computer software in
preparation for possible interviews. A qualitative phase was not designed into the
study protocol, and instead a consultative phase with key informants was
undertaken not requiring interviews. As already described in the thesis, 2018 parttime RTS funds were reserved and used for statistical analysis by the CReDITSS
team at HMRI. 2019 RTS funds were reserved for a professional editor from
‘Oversight Editing and Proofreading’ to format the graphics and tables prepared
for this thesis. I gratefully acknowledge being a recipient of a Grant-in-Aid for the
sum of $5,000 in late 2018 from the Faculty of Health and Medicine contributed
by an anonymous donor.
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Appendix 5

Diagnostic algorithm for NCL subtypes

Reprinted with permission from Schulz and Kohlschutter (2013). NCL disorders:
frequent causes of childhood dementia.
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NCL Survey domains

Appendix 6

Part A survey
Domain 1
Demographics

Child and family identification
Is the child currently affected or deceased?
Participant’s relationship to their child
Parent demographics and ethnicity
Grandparent ethnicity
Family history of NCL
Domain 2
Childhood milestones 12 months
Signs and symptoms Childhood milestones 18 months
Any differences in facial appearance
First signs and symptoms (S&S) noticed
Age of S&S onset
Who noticed these first S&S
Incorrect or incomplete diagnoses
Further changes within six months
Further changes within 12 months
Domain 3
Person who prompted investigations
Investigations
Primary investigations
Age of child at commencement of investigations
Secondary tests undertaken, if required
Domain 4
Age of diagnosis
Diagnostic timeline
Alternate diagnoses
Test that confirmed NCL
NCL subtype
Year of diagnosis
Length of investigations
How the diagnosis was provided
Domain 5
BDSRA role after diagnosis
Social media and
Internet role before diagnosis
supports
Social media role after diagnosis
Participation in a registry
Co-morbidities
Part B survey
Questions 49 - 53

Carrier testing of other children

Questions 54 - 56

Carrier testing of the parent

Questions 57 - 62

Predictive genetic testing for other ‘at-risk’ children
Role of genetic counselling
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Appendix 7

Letter for the consultative phase (Phase 1) key informants

Chief Investigator: Prof Vanessa McDonald PhD
School of Nursing and Midwifery
Faculty of Health and Medicine
University of Newcastle,
University Drive, Callaghan, 2380
New South Wales, Australia
Telephone (02) 40420146
Email: vanessa.mcdonald@newcastle.edu.au

*******************
Research Officer
Australian Chapter Batten Disease Support & Research Association (BDSRA)
partner@battens.org.au
26/07/2018
Dear *********** and the Committee members of the Australian chapter of BDSRA,
As a result of previous correspondence, you are aware of a forthcoming research study
the Diagnostic experience of families with Batten disease, due to commence with ethics
approval. This research will involve Australian and New Zealand families affected by any
childhood onset subtype of Neuronal Ceroid Lipofuscinosis (NCL).
You are invited to use your experience and understanding to review the survey which
has been developed to examine the diagnostic experience of families affected by Batten
disease. The consultative Phase 1 of the study is expected to commence shortly. This
project has been approved by the University’s Human Research Ethics Committee,
Approval No. H- 2018-0059.
You will be provided with the Phase 1 Participant Information Statement and Consent
Form to read prior to your consideration. If you decide to participate in this consultative
phase, you would be required to sign the consent form and return it as per instructions
via post or email. Your confidentiality will be maintained by the research team. Details of
the study will not be made available to the wider community of families affected by Batten
disease until phase 2 is ready to commence. This is estimated to be after August 2018,
when the revised survey format has final ethics approval.
Letter to Phase 1 Participants BDSRA Committee, Version 2, 26/07/2018

Phase 1 Consultation
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Page 1 of 2

We are seeking the Australian chapter BDSRA committee members to review:
Phase 2 Parent Information Statement (PIS) - which all parents will read before
considering participating in the Survey
• Survey draft questions for parents of children affected by any subtype of Batten
disease in the past five decades whose child or children are either living or
deceased.
If you agree to participate in this consultation phase of the research after reading the
study Phase 1 PIS included with this letter, you will be asked to sign a consent form.
•

Your contribution to the Consultation Phase 1 of this research will be greatly
appreciated if you are able to assist. If not, thank you for your consideration of this
request.
Regards,
Professor Vanessa McDonald, with Alanna Gayko
University of Newcastle
Attachments:
• Phase 1 Participant Information Statement
• Phase 1 Consent Form

Letter to Phase 1 Participants BDSRA Committee, Version 2, 26/07/2018
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The consultative phase (Phase 1) participant information statement
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Appendix 9

The consultative phase consent form
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Appendix 10

NCL survey phase (Phase 2) participant information statement
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NCL survey: pages 1 - 19
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Appendix 12

Letter of request for organisations (BDSRA) to advertise the study
alanna.gayko@uon.edu.au
Mobile telephone 04** *** ***

Chief Investigator: Prof Vanessa McDonald PhD
Co-Investigator: Dr Elizabeth Kepreotes PhD
Co-Investigator: Dr Tracy Dudding-Byth PhD
Student Researcher: RN Alanna Gayko MEd
Dear Committee members and the Manager of the Australian chapter of the
Batten Disease Support & Research Association (BDSRA),
As a result of previous correspondence, you will be aware of a forthcoming
research study the Diagnostic experience of families with Batten disease, due to
commence with ethics approval. This research will involve Australian and New
Zealand families affected by Neuronal Ceroid Lipofuscinosis (NCL).
In May 2015, at the commencement of the study, I had email contact with the
manager Ms Jenny Rixon seeking in-principle permission from the committee to
advertise the study when an ethics application was granted. The Consultative
Phase of the study is expected to commence shortly. This project has been approved
by the University’s Human Research Ethics Committee, Approval No. H- [insert the protocol
reference number which will be identified in the written acknowledgement of your application].

The following is a summary of the study format.
Consultation Phase
•
•
•
•
•

•

With ethics approval, six key informant parents/couples will be approached
to consider participation in the consultative stage of the study.
Those parents who agree to participate will be provided with written
information about the research.
They will voluntarily sign a consent to participate, if they wish to assist
They will view the draft surveys, providing their feedback on the
questions/format to the researchers.
These key informants will not be submitting any survey answers when they
make the reviews, so they may still consider participation in the study once it
commences.
If required, any changes to the surveys will need to be re-submitted for a
variation to ethics prior to the study opening for all participants.
1/2
283

Survey Phase
• It is anticipated that BDSRA Australia will place a participant flyer on their
website, Facebook page and in a forthcoming newsletter.
• A detailed Parent Information Statement regarding this study will be
accessible online from the BDSRA website.
• Links will be provided to the www.redcap.com website that can be accessed
from the website www.battens.org and public Facebook page.
• The Parent Information Statement and the surveys can be requested by mail
from BDSRA Australia, acknowledging parents will need to provide an
address for these documents. Paper surveys will be provided to BDSRA
Australia as required.
• Participants will need to select Batten disease, then the survey/s suited to
their family.
• Parents will have provided implied consent, that is, not written but agreed,
by choosing to continue to submit their survey online. Parents will not need
to provide their name on their survey, thus protecting their identity and that
of their child/children.
• Parent participants will need to be current residents of Australia or New
Zealand and need to be fluent in English.
• Participants may complete an online survey for each affected child, living or
deceased.
• Part B of the survey is optional. It explores family carrier testing and presymptomatic genetic testing of other children's siblings, if relevant to a
family.
Student researcher:
The student researcher will not access any BDSRA sites for the remaining
study.
• The student researcher will not be directly or indirectly involved in the
recruitment of potential participants.
Possible secondary recruitment:
•

•

If there is a low response rate of less than 50% of families participating during
the first three months of the study, a secondary method of recruitment will be
undertaken with the permission and support of BDSRA Australia. This will
involve posting a letter, also enclosed with this letter, to past and current family
members of BDSRA, with the approval of BDSRA Australia. The study budget
has allowed for this additional expense if required but acknowledges and
appreciates it would be an additional workload for the BDSRA committee.

Kind regards,
RN Alanna Gayko MEd
University of Newcastle
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Organisation information statement
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Appendix 14
Organisation consent
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Survey flyer

Appendix 15
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Appendix 16

Early signs and symptoms of NCL poster ‘NEURONS’ model
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Appendix 17

Table 23: Hindrances and facilitators of NCL diagnosis in children
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