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Abstract

Background Neuronal Ceroid Lipofuscinoses (NCLs), also known as Batten disease, are a group of inherited
neurodegenerative disorders that mostly arise in childhood. Each of the NCLs is a genetically distinct disease

caused by variants in at least 13 different genes (CLNT-CLN14). NCLs are neurodegenerative, and symptoms can
include a combination of childhood dementia, epileptic seizures, motor decline and vision loss, and eventually lead
to premature death. There is currently no cure for any subtype of NCL, however, enzyme replacement therapy is
available for CLN2 disease, and several treatment strategies are being explored for other NCL subtypes. Early diagnosis
and initiation of supportive services (e.g. health, education, social services) are essential to preserve quality of life. Only
a few studies have investigated family experiences with NCL, many of which are international in scope.

Methods A mixed-method research study was conducted in the UK to understand family experiences in CLN2 and
CLN3 disease. It involved an initial literature review, followed by in-depth qualitative interviews. Interview data were
analysed using a thematic analysis. Thirteen families (n=13) participated in the interviews. This represented 16 parents
(11 mothers and 5 fathers) of 18 children (10 diagnosed with CLN3 disease and 8 diagnosed with CLN2 disease).
Findings were analysed jointly across CLN2 and CLN3 disease.

Results Six overarching themes emerged from the analysis: difficulty in recognising early symptoms; the shock of a
diagnosis; the demands of caring for complex and ever-changing needs; a constant battle to access appropriate and
timely support services; the extensive impact on the unaffected sibling; and the all-encompassing impact on the
family.

Conclusions This study contributes novel UK specific data on family experiences and unmet needs in CLN2 and
CLN3 disease. More needs to be done to ensure NCLs are diagnosed early, and timely local support services are made
available to protect quality of life for both the affected children and their families.
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Background

Neuronal Ceroid Lipofuscinoses (NCLs), also known
as Batten disease, are a group of inherited neurodegen-
erative disorders that usually appear in childhood [1-4].
Pathologically, they are characterised by the accumula-
tion of autofluorescent storage material in the lysosomes
[1]. Each of the NCLs is a genetically distinct disease,
caused by variants in at least 13 different genes (CLNI-
CLN1I14) [2]. The most common subtype of NCL in the
UK are CLN2 and CLN3 disease [5].

The Batten Disease Family Association (BDFA) esti-
mates that there are 100 to 150 children, young people
and adults currently living with a NCL diagnosis in the
UK [6]. Of these, there are between 30 and 50 children
with CLN2 disease, and between 30 and 40 children and
young people with CLN3 disease [7, 8]. The remain-
ing cases are a combination of other genetic types [4, 6].
Because most forms of NCLs are inherited as autosomal
recessive, families can have more than one child with
NCL [1, 4, 9].

The NCLs cause a combination of symptoms that can
include childhood dementia, seizures, motor decline
and vision loss [2, 10]. Eventually, the disease leads to
premature death. All types of NCLs share similar clini-
cal features but vary in age of onset, symptoms and rate
of progression [10, 11]. There is currently no cure for any
subtype of NCL, and treatment is mostly palliative [12].
However, enzyme replacement therapy (cerliponase alfa)
is available that slows CLN2 disease progression and
improves quality of life; and several treatment strategies
are being explored for other NCL subtypes [13—15]. Cer-
liponase alfa was licensed for use by the European Medi-
cines Agency in 2017 and was made available by NHS
England in 2019, under a five-year managed access agree-
ment (MAA) that is under evaluation for extension [13,
15].

If left untreated, classic late infantile CLN2 disease
typically presents between the ages of 2 and 4 years and
manifests as new onset seizures and language delay or
deficits [16, 17]. Motor dysfunctions also occur in the
early stage of disease, manifesting as clumsiness or ataxia
[16]. From 3 to 6 years of age there is rapid progression in
almost all children and a decline in motor and language
skills, and vision and cognitive function— alongside wors-
ening seizures and involuntary muscle jerks [16]. Chil-
dren are typically severely impaired and dependent on
their carers by 6 years old, becoming wheelchair bound
and non-ambulant, with many needing a feeding tube [9,
16, 18]. Death usually occurs between the ages of 6 and
12 years old [9, 16]. Atypical phenotypes of CLN2 disease
can vary in age of onset, rate of progression, disease man-
ifestation and death [4, 9].

Classic juvenile CLN3 disease is slowly progressive,
sometimes with 20 or more years between symptom
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onset and death [19]. While the evolution of the disease
is characteristic and predictable in relation to the order
of symptoms, there is significant variation among chil-
dren and young adults in the time it takes to develop
the next symptom, and not all children will experience
every symptom [20]. The most common first symptom is
rapid vision loss between the ages of 4 and 7 years [11,
21]. Children usually go from having normal vision to
functional blindness in months [11]. Cognitive dysfunc-
tion (e.g. difficulty with concentrating, learning at pri-
mary school, short-term memory) manifests from 7 to 10
years, with behavioural symptoms (e.g. aggression, sleep
disturbances) from 8 to 10 years [11, 21]. Seizures occur
between the ages of 10 and 12 years [11, 22]. Later in the
disease course, children lose ambulation and become
wheelchair users by late adolescence, and may develop
cardiac arrythmias and feeding difficulties [19, 21]. Psy-
chosis, hallucinations and/or childhood dementia can
appear at any point during CLN3 disease [20]. Children
and adults affected by CLN3 die between the ages of 15
and 35 [7]. There also exist later onset and more slowly
progressing forms of CLN3 disease [4].

A number of studies have contributed to our under-
standing of the epidemiology, genetics, natural history
and management of NCLs [22-26]. However, only a few
studies have investigated family experiences with CLN2
disease and CLN3 disease, including the impact on sib-
lings of children with the condition. Notable studies
include that by Schulz et al. (2020) which investigated
family experiences with CLN2 disease in the UK and
Germany and found that families cope with difficult emo-
tional, physical, professional and financial challenges
[27]. Another study by Krantz et al. (2022), investigat-
ing parental experiences of having a child with CLN3
disease in Sweden, detailed the significant disruption to
the family unit [28]. A UK-wide study by Malcolm et al.
(2014) of the impact on siblings of children with NCL
found that the siblings experience a range of complex
emotions such as daily anxieties, worry and sadness due
to concerns about their brother or sister’s health [29]. A
recent international study on family experiences in CLN3
disease by Schulz et al. (2024), which included the UK,
found that the disease had a financial impact on 81% of
families due to the parents’ reduced ability to work and
increased health-related expenses, and caused marital
strain in 46.5% of families [30]. Lastly, Cozart et al. (2017)
examined marital quality among NCL parents and found
that their marital quality was significantly lower than that
reported in studies of the general population, or of par-
ents of children with chronic, but non-neurodegenerative
disease [31].

Despite these impactful studies, there remains a need
for more detailed UK specific data on families affected by
NCLs and the overall impact of the disease on the family
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unit. This study was initiated to fill this evidence gap, and
to provide evidence to support calls for policy and prac-
tice change that could address families’ unmet needs in
the UK.

For reasons of feasibility, the study focused on families
affected by CLN2 and CLN3 disease only, the most com-
mon NCL subtypes in the UK [5]. Findings will be used
to guide the policy advocacy work of the BDFA in years
to come, and may also be helpful to inform work in other
countries.

Methods

A mixed-methods research study was conducted in the
UK between March 2022 and November 2023. It involved
an initial literature review to gather all existing evidence
of family experiences with CLN2 and CLN3 disease, fol-
lowed by in-depth qualitative interviews with families
affected by CLN2 and CLN3 disease. Interview data were
analysed using a thematic analysis, and findings were
validated by the study participants. The analysis focused
on finding common themes that affected all study fami-
lies, with a view to gaining a better understanding of how
having a child with CLN2 and CLN3 disease affects the
family unit and what potential changes may be needed
to best address their complex needs. Findings were com-
bined across CLN2 and CLN3 disease.

Literature review

A structured, non-systematic literature review was car-
ried out in March 2022 to gather all English-language
international literature on the burden of NCLs on
families, treatment and care, policy developments and

Table 1 Characteristics to guide family selection

Selection criteria Exclusion
criteria

« Families of children with a confirmed diagnosis of ~ « All other types

CLN2/3 disease of NCL

« Parents or adult siblings who currently care, orhad - Members of

previously cared, for a child or children with CLN2/3  the extended

disease family who cur-
rently care, or
had previously
cared, for a child
or children with
CLN2/3 disease
- Both atypical and typical CLN2/3 disease

« All ages and ethnicities

« All UK nations (Wales, England, Scotland and North-

ern Ireland)

« Received or receiving cerliponase alfa; and did not

receive cerliponase alfa (CLN2 only)

« Any number of children in the family with CLN2/3

disease

« Any number of children in the family with CLN2/3

disease
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family experiences. Published literature was identified on
PubMed using a search strategy. Of 1,416 articles iden-
tified, 362 were reviewed and 101 retained in the find-
ings report. Additional literature was found using the
snowball sampling method. Findings from the literature
review informed the creation of the qualitative interview
guide to ensure it was focused on the most relevant areas
for families affected by Batten disease.

Qualitative interviews

Recruitment of participants

For feasibility reasons, a mix of voluntary responses and
purposive sampling was used to recruit families for this
study. Families of children with CLN2 or CLN3 disease
were contacted and recruited via the BDFA database,
which includes nearly all families affected by NCL in the
UK (approximately 110 families in total). Families who
expressed an interest in the study were asked to complete
an application form, and families were selected based
on the characteristics of interest (Table 1). Families vol-
unteered to take part in the study and, as a gesture of
thanks, were provided with a gift card.

In-depth interviews

An interview guide was informed by findings from
the literature review. It included 12 questions (most of
which were open-ended) covering the three focus areas
of investigation: early symptom onset and diagnosis,
support and care, and the impact of the disease on the
family unit (Appendix A). The interview guide was pilot
tested with two families (one with CLN2 disease and one
with CLN3 disease) and revised before conducting the
remaining family interviews. To capture the family expe-
rience related to having additional children in the fam-
ily diagnosed with the condition, the guide was adapted
slightly for families who had more than one child affected
by NCL.

Qualitative in-depth interviews were carried out virtu-
ally on a video call (Zoom) between April and June 2023.
They were led by an experienced researcher and were
scheduled for 60 min. Interviews were video recorded,
transcribed verbatim and anonymised to remove any
personally identifiable information. The study was con-
ducted in line with the 32-item COREQ framework for
qualitative research [32].

Participant involvement

Consideration was given to fully involve and inform study
participants through all phases of the study. An intro-
ductory meeting was held with all families interested in
participating in the study, with all pertinent information
summarised in an information sheet and discussed ver-
bally with families during the meeting. Informed con-
sent was secured from participants prior to the in-depth
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interviews, and the interview guide was shared with fam-
ilies ahead of their interviews. Interview transcripts were
shared with families following the interview to check
for accuracy and allow participants to make any correc-
tions. A study meeting was held with families to present
research findings and gain their feedback. Ahead of the
meeting, study findings were shared with all families via
email. Four parents (n=4 of 16) attended the study meet-
ing where research findings were presented, discussed
and adapted.

Data analysis

A thematic analysis was conducted on all interview
transcripts to identify themes and patterns in the data
gathered from the families affected by either CLN2 or
CLN3 disease. Transcripts were read several times before
coding the interview data by author SN using NVivo, a
thematic analysis software program. Theme genera-
tion followed Braun and Clarke’s six stages for thematic
analysis using an inductive approach, meaning themes
were derived from the interview data rather than pre-
determined based on existing research [33]. An inductive
approach was deemed most appropriate given the lim-
ited research available on Batten disease family experi-
ences, and to adhere to our wish to capture the families’
perspective.

Data were analysed on a semantic level with a realist
approach; the themes were identified within the explicit
or surface meanings of the data without looking beyond
what a participant has said or what has been written [33].
The coding was discussed twice between authors SN and
SW, and subsequently revised before the coding tree was
finalised (Appendix B). Preliminary themes were cre-
ated by grouping codes together and then discussed by
authors SN, SW, JN, LB, and ZS until an agreement was
reached. Themes were then validated by all authors and
study participants before being finalised.

Results

Thirteen families (n=13) participated in the interviews.
This represented 16 parents (11 mothers and 5 fathers)
of 18 children (10 diagnosed with CLN3 disease and 8
diagnosed with CLN2 disease). Of the 18 children, 45%
were female (7 =8) and 55% were male (17 =10); 33% were

Table 2 Characteristics of children with CLN2 or CLN3 disease
CLN2 disease CLN3 disease

Characteristics

(n=8)** (n=10)

Median Range Median Range
Current age (years)* 7.5 4-16 10 7-17
Year of diagnosis 2021 2015-2022 2017 2016-2022
Age at diagnosis (years) 4.5 2-13 7 2-11

*At the time of application
**Two children with CLN2 disease had an atypical clinical phenotype
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actively receiving cerliponase alfa (n=6) at the time of
the study application and 11% had received cerliponase
alfa in the past but had since stopped (n=2). The charac-
teristics of the 18 children affected by CLN2/3 disease are
provided in Table 2.

Two families (n=2) invited to participate in the study
did not show up for the scheduled interview (one did not
cite a reason, while the other cited care commitments);
and another family (n=1) withdrew from the study prior
to the interview being scheduled (no reason cited). One
family was scheduled for a second additional interview as
the first one ran out of time to complete in full.

Most interviews were conducted in a one-on-one set-
ting between the researcher (SN) and a parent (n=10);
three family interviews were conducted with two parents
present (1 =3). In nearly all cases, parents took the inter-
view in their family home (n=11); one parent took the
interview from a car (n=1) and another in a public set-
ting (m=1). The children affected by Batten disease in the
family were not present for the interviews. The thematic
analysis resulted in six main themes (Fig. 1):

Difficulty in recognising early symptoms

Although presentation of symptoms occurs at differ-
ent ages for CLN2 and CLN3 disease, families’ experi-
ences with diagnosis followed similar patterns. Initial
symptoms of CLN2/3 disease were often subtle, and par-
ents expressed that they instinctually knew something
was wrong. Families recounted behavioural changes in
both CLN2 and CLN3 disease mirroring attention defi-
cit hyperactivity disorder (ADHD) or autism. Families
impacted by CLN2 disease recounted early symptoms
such as speech delays, learning difficulties, mobility
deterioration, sensory issues and clumsiness, myoclonic
jerks, and seizures. Early symptoms unique to CLN3 dis-
ease reported were speech delay, squinting, and eyesight
deterioration. When parents brought these concerns
to healthcare professionals, symptoms were often dis-
missed. Parents felt paranoid and frustrated as a result.

Every time I went to any doctor, I'm like, 1 know I
sound crazy. But [child name] is different, like there’s
something that’s not right, something that I don’t
know, I could see a change. And I just felt crazy.
Because the doctors looked at me like, What do you
mean [about the symptoms]?. (CLN2)

This led families to a cyclical pattern of visiting doctors,
optometrists or ophthalmologists (CLN3 disease), or hav-
ing frequent hospitalisations for seizures (CLN2 disease),
only to be told nothing was wrong, then returning weeks
later with worsening symptoms. Families expressed that
they were constantly pushing and demanding to have
their concerns heard. One child affected by CLN2 had
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Difficulty in Diagnostic
recognising early delays
symptoms

The shock of a Batten

Frequent disease diagnosis
misdiagnoses

Repeated visits to doctors
with worsening symptoms

Parents instinctually knew
something was not right Families learned about Lack of treatment options
Batten disease for the first . and poor life expectancy
time at diagnosis The genetic component
of Batten di

Symptoms difficult to manage l
(physically and mentally) and can
change very quickly Having a second child diagnosed
with Batten disease

3 | The demands of
caring for complex

and ever-changing Anticipation of disease progression
needs is ‘torture’ for parents

Centrality of parents in coordinating
care, impact on parental employment

Batten disease progresses
faster than families can access
appropriate health, education
and social services

A constant battle to
access appropriate and Securing funding for home

timely support services adaptations is a challenge
and postcode lottery

The extensive impact on
the unaffected sibling There is little to no
support for siblings

Turnover among dedicated social

workers results in families using Eamil L/Vittngssi?g thef
i amilies worry P eterioration O
Schools and charities offer these services less about the Siblings take on a symptoms is
support to families and fill gaps unaffected sibling parent-figure and painful for
- . protector role o
being left behind siblings

Batten disease family
community offers a safe
space

The all-
encompassing
impact on the family

Positive and negative
impact on

Many ways families relationships

cope with diagnosis

Parents’ mental Severe symptoms
Progressive health is deeply make it difficult to do
nature of the affected things as a family

disease is always
in the back of
parents’ minds

Fig. 1 Map of six themes from thematic analysis
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Table 3 Time to diagnosis from symptom onset, for the first
child in the family diagnosed with CLN2 or CLN3 disease

Type of NCL Average (years) Range (years)
CLN2 disease (n=6) 2.05 0.33-8
CLN3 disease (n=8) 1.55 0.42-6

worsening seizures for over a year before epilepsy medi-
cation was started, and only when that failed was genetic
testing triggered.

When the seizures started, it was so stressful. The
seizures would be happening, we phoned the ambu-
lance, and three different times we had to stay in the
hospital for observation. (CLN2)

It was common for children to be misdiagnosed with a
condition other than CLN2 or CLN3 disease. Initial diag-
noses included macular degeneration, epilepsy, white
matter disease, retinal dystrophy, retinitis pigmentosa,
cone dystrophy and corneal dystrophy, among others.
This led to families experiencing repeated emotional
distress where they would come to terms with the initial
diagnosis, then had to re-adapt to a new diagnosis.

We were devastated when we just thought it was
retinal dystrophy. We thought like— wow, our lives
are going to be a lot different. And the future that we
envisioned for our child is going to look a lot differ-
ent. It took a long time to come to terms with that!
(CLN3).

This reality resulted in families experiencing diagnostic
delays, meaning that families also experienced delays in
accessing support services (Table 3).

If they had tested from the word go, it won’t change
any of the outcomes, but we would have been able
to put support in place for our child a lot sooner,
because we would have known that our child’s eye-
sight was going to deteriorate fast. Regarding educa-
tion and support, it wasn’t put in place fast enough.
[By] the time they put things in place, [child’s name]
eyesight had already deteriorated further. (CLN3)

Shock of a diagnosis

Families received a diagnosis of CLN2 or CLN3 disease
as a result of genetic testing to confirm the cause of wors-
ening seizures (CLN2) or vision deterioration (CLN3).
Families were often not explicitly informed that their
child was being tested for NCL and felt shocked when
the diagnosis was given, as they had never heard of NCL
before. Only two families were told that NCL was being
tested for, upon initiation of genetic testing. Another
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family paid privately to access hospital records to find out
what diseases were being tested.

The doctor wouldn'’t tell us what was being tested
for, and we disagreed with that; we think [the doc-
tor] should have told us. We paid privately to get our
child’s hospital records to see what was being tested
for. And obviously, one of those things was Batten
disease. (CLN2)

Parents were further shocked by the poor life expectancy
and lack of curative treatment options for CLN2 and
CLN3 disease.

The general life expectancy, it’s not fair. Like you try

for kids, then you find out they have a rare disease
[touching hand to face in disbelief] without treat-
ment, without a cure, it was a disaster. (CLN2)

The genetic component of CLN2 and CLN3 disease was
an additional shock to an already devastating diagnosis.
Two families expressed complex emotions such as guilt
and regret for not having known about the genetic risk of
NCL before having children.

My child has suffered [Batten disease] because me
and my wife never knew that we have a genetic prob-
lem. There should be more awareness so that when
you marry or when you plan to have children, you
can get your genetic tests done so you don’t get this
pain after you have children. (CLN3)

Additionally, parents with multiple children were faced
with the difficult decision of whether to test their other
children for CLN2 or CLN3 disease. One parent men-
tioned having an empathetic genetic counsellor made a
positive difference during this difficult time.

We decided to get the other children tested. We
weren’t going to because we were still trying to get
our heads around the fact that [child’s name] had
it. And we didn’t really want another hammer blow.
We decided that it’s better to know. (CLN3)

Five families endured the pain of having two children
diagnosed with CLN2 or CLN3 disease, owing to the
genetic nature of the condition. The second diagnosis
was often in a younger sibling who had not yet displayed
symptoms of the disease. The diagnosis happened quickly
for the second child in the family, usually within a few
weeks or months of the first familial diagnosis.
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The demands of caring for complex and ever-changing
needs

Tending to the complex and ever-changing needs of
a child with CLN2 and CLN3 disease can be all-con-
suming, both physically and mentally— leaving families
feeling exhausted and drained. Symptoms can change
quickly and families feel they have to constantly be ten
steps ahead. Symptoms also present differently depend-
ing on the child, adding to the complexity of caring for
them.

It just drains you. I think you just get tired, but not
like where you get a good night'’s sleep and you're bet-
ter. You're just tired in every aspect and no matter
what you do, you just can’t, you just can’t stop feel-
ing tired. (CLN2)

Witnessing the deterioration of the child’s abilities due
to symptom progression, coupled with the uncertainty of
not knowing what the future holds and how the disease is
going to develop further, was described by one family as
‘torture’ Families described having constant worries and
fears about the future. One family described feeling as
though every day is like a ticking time bomb.

Right now, fortunately, it’s just sight loss. We're not
dealing with neurological signs at this point. But it’s
just...when your mind starts to get ahead of your-
self...the future and what that will look like— it, you
know, gets quite upsetting. (CLN3)

Parents play a central coordinator role in managing their
child’s care— acting as the fount of all information related
to their child’s condition and often even managing com-
munications between healthcare professionals and hospi-
tal departments.

I've [had] to pass messages on between professionals
because the lack of communication is just ridiculous.
That'’s one of my big bugbears at the minute. (CLN2)

The increased caregiving responsibility has an impact on
parental employment to varying degrees. Three parents
had to step back from full-time employment permanently
- one sold their business - owing to their caregiving
responsibilities and the time involved. An additional two
additional parents took temporary leave or sabbatical to
help process the diagnosis and care for their child. Lastly,
a further two parents expressed that their flexible work-
ing situations made all the difference to caring for their
child and attending frequent medical appointments.

I used to work full time and had my own business.
But I had to sell everything... Because [child’s name]
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needed attention 24 hours due to losing their eye-
sight very quickly. (CLN3)

A battle to access appropriate and timely support services
CLN2 and CLN3 disease progresses faster than families
can access appropriate social, health and educational
support services. Once families gain access to the desired
support service, the disease has often progressed, and
they may need access to something different. Accessing
the needed services has been described as a constant
fight, a battle and waiting game due to long waiting times
and complicated eligibility requirements.

Every day that we're fighting is a day less that we get
with our children. We don’t have a lot of time any-
way, and we're often wasting these days [trying to
access support] where we should be enjoying [time
with their children]. (CLN2)

Social workers are a great help to families in coordinating
access to social services, with some families noting their
social worker has become fully integrated into their fam-
ily. However, for the majority of families, staff turnover
and inconsistencies among social workers created addi-
tional stress and resulted in the families using these ser-
vices less often.

If you've got children that have dementia, the last
thing you want to do is keep introducing them to new
social workers who are supposed to be the people
that they’re supposed to, you know, confide in and
talk to. (CLN3)

Securing funding for home adaptations is a challenge for
many families. To support a child with complex needs,
homes require costly equipment such as hoists and
stairlifts, along with wet rooms, space that is wheelchair
accessible, and other modifications. Often, this is partly
funded by Disabled Facilities Grants (DFG), but it has
been described as a postcode lottery and insufficient to
cover all the costs needed to adapt the home. Families
had different experiences in accessing DFG. When it was
not available, or did not cover the full cost, families had
to fundraise or use their savings to pay privately, resulting
in an enormous financial burden.

The money we're getting from the local authority
doesn’t scratch the surface. We're having to do a lot
of fundraising and pulling apart our savings [to ren-
ovate our home]. (CLN3)

Anticipatory education provision to allow children to
maintain skills and quality of life— particularly in later
stages of disease progression— is critical for children
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affected by CLN2 and CLN3 disease due to complex
symptoms that can adversely impact effective learn-
ing [34]. Anticipatory education provision was often
implemented too slowly. Important educational support
needed to accommodate children with complex needs—
such as specialised school placements or putting in
place an Education Health Care Plan (EHCP)— was often
accompanied by long waiting times.

We knew [our child] was sight impaired in Janu-
ary of 2022. They [the mainstream school] did the
best they could to help [child]. And that’s when they
started the application for the education health care
plan. And it didn’t get approved, I think, until Janu-
ary 2023. (CLN3)

School transitions were often challenging for the child
and families, but once children were enrolled in special-
ised schools, or had access to EHCP, families expressed
that it made all the difference. School teams went above
and beyond to accommodate their children and were
always four steps ahead of the family needs. Specialised
schools in particular offered everything under one roof,
building a support system around the child (such as a
variety of allied healthcare professionals) and making
various appointments easier to manage.

[The specialised school] covers everything. They've
got a pool. They've got the nurses. They've got the OTs
[occupational therapists]. They've got the physios.
They've got a dentist. They've got a lot of people in
there. And for me that has been a big help knowing
that everything’s in one place. (CLN3)

Schools and charities play an important supportive role
to families, providing peer-to-peer support, financial
support (e.g. grants) and psychological support. These
organisations also offer respite hours as well as help-
ing families navigate the educational, health and social
services they are entitled to, guiding them to the right
resources and in many cases applying for support on the
family’s behalf.

The extensive impact on the unaffected sibling

Families expressed worry about the unaffected siblings
being left behind. They were acutely aware of their atten-
tion being focused on caring for their child with CLN2
or CLN3 disease and ensuring that siblings do not feel
forgotten. Families felt that siblings do not get enough
one-on-one time with parents, so the parents often con-
sciously carved out alone time with the unaffected sib-
ling. Parents tried to protect and maintain a sense of
normality for siblings, despite these challenges.
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And you know, when you know your child has this
problem, all your attention goes to them. But at the
same time, we try to give [the siblings] the same sort
of feeling that they do not feel left behind or any-
thing. (CLN3)

Siblings can become very independent and often look
after their own needs, such as morning and bedtime
routines. Siblings take on a carer role for their sibling
with the disease without being asked, saying it is intui-
tive and as if they have become a third parent. Siblings
can also become fiercely protective of their affected sib-
ling, defending them in social situations with peers. To
the contrary, one parent expressed that the unaffected
sibling distanced themselves from the family, preferring
to engage in school and social life, and does not wish to
discuss the disease.

[The sibling] threw himself into learning and social
life, and kind of shut the door on us. We tried coun-
selling, it just wasn’t for [the sibling]. We tried sib-
ling support groups, but [the sibling] always felt that
he was too old for the groups. We looked at getting
registered as a young carer. [The sibling] just didn’t
want to. We were doing fundraising and awareness.
[The sibling] doesn’t want to be involved. (CLN3)

As the disease progresses, the worsening of symptoms
can be incredibly hard for unaffected siblings to witness.
This has been described by siblings as a loss, and can lead
to complicated feelings of guilt over the fact that they are
healthy while their sibling is not. Parents describe the
difficulty in broaching this topic with siblings; they want
to protect them but, equally, feel the need to explain the
reality of the disease when more questions begin to arise.
Older siblings tend to be affected differently compared to
younger siblings, for whom it is all they have known.

The last couple of years have taken a real hit on
[the unaffected sibling’s] mental health and trying
to navigate between his world and [the affected sib-
ling’s] world, because [the affected sibling] was quite
stable for a long time. But in the last 18 months,
that’s when [the affected sibling’s] vision started
deteriorating. We noticed that [the unaffected sib-
ling’s] behaviour changed at the same time that
was happening. I think that’s probably because [the
unaffected sibling] is the eldest and feels responsibil-
ity. And one thing that [the unaffected sibling] has
said in the past when they were younger was, “Why
is it [the affected sibling] and not me?” (CLN2)

Parents have found that there is little support available
for siblings. One family said that siblings ‘don’t exist’ in
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the eyes of support services. Siblings need readily accessi-
ble local support— such as counselling or sibling support
groups— to provide a safe space to discuss their feelings
and emotions. Sibling respite hours would be beneficial,
along with groups that can organise activities for sib-
lings to get out of the house. Families might not have the
capacity to spend time getting the unaffected sibling out
of the house because of caring responsibilities.

You have to look at [support services] as a family.
The unaffected children, it’s as life-changing a diag-
nosis for them as it is for everybody else. (CLN3)

The all-encompassing impact on the family

Families coped in many ways; they had difficulty accept-
ing the diagnosis but were dealing with it as best they
could. Families either took comfort in gathering as much
information as possible on the disease, while others
found it easier to take things day by day.

I do think about the future, and know what's going to
come, but I live day to day. And if it’s a good day, it’s
a good day. And if it's a bad day, it’s a bad day, but
Idon’t...how do I put it.,.I just try and live as a nor-
mal family [if] possible. Like, just don’t try and think
about it, to be honest. (CLN2)

One family said that the fact that the disease is a pro-
gressive and terminal illness is always at the back of their
minds, and with that comes the worry of one day having
to say goodbye to their children. Four families expressed
the importance of creating positive memories for their
children and giving them the best life possible in the
time that they do have; two of which have done extensive
memory-making trips to gain as many experiences for
their children as possible.

When we heard about [Batten disease], we started
reading that, you know, one day we will have to say
goodbye to our children. They will be only teenagers.
(CLN2)

Having a child with CLN2 or CLN3 disease has a big
impact on parents’ mental health. Two parents revealed
that they had to take time off work as sick leave due to
having had a mental breakdown or difficulties with men-
tal health. Families described the importance of having
mental health support, but also the difficulty they have
had in accessing it through the NHS. One parent was told
they were not eligible because they didn’t hit the right
scores for NHS counselling.

Well, since he’s been diagnosed, it has changed our
life completely. In different ways. One is that, emo-
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tionally, he has just broken us. I mean, if I give you
an example to explain this, my sister was saying to
me that it's been two, three years, I've never seen you
smile. Every little thing makes me emotional; it has
made me very sensitive. (CLN3)

Severe symptoms of CLN2 and CLN3 disease make
it difficult to do things as a family. Where symptoms
are severe, families miss out on activities and holidays
together owing to a lack of accessibility and difficulty in
coordinating outings— especially if there are multiple sib-
lings. Families tend to split up and do things separately.

[Child’s name] typically has 40 to 50 absent seizures
an hour. It’s hard to do something with all that going
on, but we still somehow manage to get through.
(CLN2)

The disease can have both a positive and a negative
impact on personal relationships. Parents either turned
inwards and preferred to rely on themselves, not wanting
to burden friends or family by asking for help. While oth-
ers experienced a coming together of family and friends,
forming a source of support upon which the family can
rely on both emotionally and practically. Extended family
members (especially grandparents) supported with car-
ing for the child with CLN2 or CLN3 disease, allowing
the parents time to rest. Three families expressed they
had friends fade away or back off, which left them feeling
confused and hurt.

The Batten disease family community offers a place of
comfort and support. Families described the community
as a ‘safe space’ where they felt solace in having a network
of families going through the same thing. Connecting
with other families provides a valuable opportunity to ask
questions and seek advice. The importance of the annual
BDFA family conference and virtual family support net-
works came through strongly in all family interviews.
One family described these forums as an important part
of their journey towards acceptance of NCL.

There’s something really powerful about looking into
the eyes of another parent that knows exactly all of
those feelings, all of those scenarios. I have, like, the
best friends that I love with every part of me and
who love [our children] as much as I do. But there’s
something different when you look at another mum,
and she has a child with Batten disease as well. It’s
something you can’t put into words. (CLN3)

Discussion

To our knowledge, this is the largest recent study to
be conducted in the UK investigating family experi-
ences with CLN2 and CLN3 disease. The study took
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place at a point in time when, following COVID-19, UK
health and care services are facing challenges on several
fronts, including record waiting lists for GP and hospital
appointments, staff shortages, and many people strug-
gling to access care. At the same time, public satisfaction
with the NHS is at a four-decade low [35].

The findings demonstrate that children affected by
CLN2 and CLN3 disease continue to face diagnostic
delays. Families have difficulty accessing appropriate and
timely local support services (e.g. health, social and edu-
cation) and therefore have high unmet needs. The impact
on the family unit is all-encompassing, including on the
siblings of children with the disease, who are often poorly
served by support services. Importantly, this study adds
a new dimension to existing research by examining fam-
ily experiences with early symptoms of CLN2 and CLN3
disease and by uncovering the diagnostic odyssey of
families.

Given the degenerative nature of Batten disease, early
diagnosis is vital to ensure that children and their fami-
lies can be directed in a timely manner to the cascade
of support services that will help protect their quality of
life, including financial support, psychological support,
local or national peer-support groups, sibling support
and specialist education [22]. Early diagnosis also allows
children with Batten disease to be guided to specialist-led
care, which is needed to provide them with optimal treat-
ment approaches to help manage symptoms and access
any relevant clinical trials [7, 22, 24]. In CLN2 disease,
early diagnosis enables children to be evaluated for their
suitability for the only existing disease-specific treatment
for NCLs— enzyme replacement therapy, cerliponase alfa,
which can slow disease progression but is not curative
[14, 15].

Taking a pre-emptive approach to early diagnosis can
have a significant impact on children and their families.
Yet our study found that children affected by CLN2 and
CLN3 disease continue to experience delays to diagno-
sis— despite the availability of cerliponase alfa during the
last five years in the UK. Of the children who received the
first diagnosis of CLN2 or CLN3 disease in their family,
the average time to diagnosis was 1.55 years for CLN3
disease (ranging from 0.42 to 6 years; n =8) and 2.05 years
for CLN2 disease (ranging from 0.33 to 8 years; n=6).
These results are similar to previous international stud-
ies, which demonstrated that children with CLN2 disease
take on average 2 to 3 years from symptom onset to be
diagnosed, and a UK study which found it can take 1.5 to
5 years from initial disease onset for children to receive
a diagnosis of CLN3 disease [22, 23]. In this study, the
average delay to diagnosis for CLN2 disease (2.05 years)
was longer than for CLN3 disease (1.55 years) which is
not typical given that CLN2 disease progresses more rap-
idly. However, our study had one child with an atypical
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CLN2 phenotype, that took 8-years to receive a diagnosis
from symptom onset, contributing to this finding. When
re-calculating the average time to diagnosis for CLN2
disease, removing the child who had an atypical pheno-
type from the calculation, the average time to diagnosis
was significantly shorter at 0.866 years.

In many cases, subsequent children in a family previ-
ously diagnosed with CLN2 or CLN3 disease experi-
enced a much faster diagnosis. Out of the five families
that had a second child diagnosed with CLN2 or CLN3
disease, four children (n=5) were diagnosed following
the initial diagnosis of another sibling in their family.
However, in one case (n=>5) the siblings were diagnosed
at the same time. Three siblings were diagnosed prior
to any symptom onset (n=5) with the exception of two
children (n=5) that were already exhibiting symptoms.
Genetic testing confirmed their diagnoses, triggered by
an initial sibling in the family being diagnosed initially.
The earlier diagnosis of siblings resulted in appropriate
support services being initiated much earlier in the dis-
ease course and had a positive impact on the children’s
ability to participate in education, including not hav-
ing to attend countless diagnostic appointments that are
disruptive to everyday life and school attendance. This is
important because the initiation of adapted and special
needs education for children with CLN3 disease contrib-
utes to improved learning conditions, better maintenance
of skills and less frustration for affected individuals [36].

Non-specific initial symptoms and the rarity of CLN2
and CLN3 disease make it difficult for healthcare profes-
sionals to identify the disease. Opportunities to diagnose
CLN2 and CLN3 disease earlier exist, and are discussed
in this paragraph. The system should be designed to allow
for early use of genetic or enzyme testing for NCLs. In
CLN2 disease, sequencing a broad panel of mutations
known to cause early onset epilepsies should be con-
sidered as first-line testing in all children with a first
seizure under the age of 4 years [37]. Similarly, bilateral
rapidly progressive vision loss, with or without child-
hood dementia and/or behavioural problems, in a very
young child should immediately trigger testing, includ-
ing CLN3 disease, to determine the cause [22, 38]. Before
carrying out genetic testing, families should be informed
about the purpose of testing and possible implications
of the results, and give their informed consent along-
side appropriate genetic counselling [37]. Batten disease
is not included in the NHS newborn blood spot (NBS)
screening programme that is offered to all babies at five
days of age to test for nine serious but rare and treatable
conditions [39]; CLN2 disease should be added immedi-
ately so it can be identified at the earliest possible oppor-
tunity, allowing for access to cerliponase alfa. For other
rare conditions, such as Phenylketonuria (PKU), inclu-
sion in the NBS screening programme has allowed for
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early identification, treatment and prevention of brain
damage and severe long-term health problems for infants
with the condition [39]. An additional issue is that stan-
dardised diagnostic pathways for CLN2 and CLN3 dis-
ease are currently lacking, resulting in children having
to revisit doctors multiple times (over several years) with
worsening symptoms, contributing to diagnostic delays.

Our study found that families take on enormous finan-
cial and care responsibilities. This is aligned with other
studies that have found that parents of children living
with rare chronic and complex diseases often experience
significant health, psychosocial and economic burdens,
alongside high unmet needs— regardless of the specific
rare disease diagnosis, leading to a lower quality of life
[40-42]. Similarly, adapting to the complex and chang-
ing needs of a child with CLN2 and CLN3 disease can
be entirely overwhelming, both physically and mentally—
leaving families feeling exhausted and drained. Many
families temporarily took time off work or gave up work
altogether to care for their child. Symptoms can change
very quickly, and families feel they have to constantly
be several steps ahead of the disease to ensure that sup-
portive care is put in place in a timely manner. Families
affected by CLN2 and CLN3 disease have to pre-emp-
tively apply for services as their child’s symptoms are
progressing in order to have timely access to the services
they need; however, this often means they don't meet the
eligibility requirements at the time to access the needed
social services. At the same time, uncovering what sup-
port families are entitled to is complicated and difficult
to navigate, and social services are often not well suited
to support rapidly progressive diseases. Consequently,
families often lack the much-needed support from health
and social care services. An example of best practice to
support parental carers can be drawn from other coun-
tries. In Norway, parents are entitled to receive ‘atten-
dance allowance;, which is a salary equivalent to their
employment pay in order to care full time for a sick child,
although the allowance cannot exceed NOK 638,394
annually (approximately GBP 46,000) [43].

These results are consistent with previous and recent
studies revealing that the situation for families has not
changed over the years. Schulz et al. (2020) studied fam-
ily experiences in CLN2 disease in the UK and Germany
and found that families had extensive care responsibili-
ties, gave up work or significantly reduced their hours,
and experienced financial burden from self-funding nec-
essary home adaptations, care equipment and/or hav-
ing to move to a more accessible property [27]. Another
study by Krantz et al. (2022) investigating parental expe-
riences of having a child with CLN3 disease in Sweden
detailed the lack of understanding of NCLs in the health
and social insurance systems, leading to a lack of timely
access to the right support [28]. Moreover, a recent
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multi-country study (including the UK) by Schulz et al.
(2024) found that 81% of parents were financially affected
owing to increased expenses, reduced working hours,
losing their job or stopping work altogether because of
their child’s disease [30].

The impact on siblings of children with NCL has not
been well researched to date but was revealed to be
profound in this study. Despite the enormous effect
on siblings, there are few resources available to them.
Our findings align with a previous study by Malcolm
et al. (2014), which found that siblings who take on an
increased sense of responsibility and play a supportive
role to their parents were often affected by the limitations
constraining their family activities and by negative social
attitudes towards disabilities [29].

A limitation of the study is that it focused on CLN2
and CLN3 diseases only, so it is unclear how the results
translate to other NCL subtypes. A mix of voluntary
response and purposive sampling was used as a method
to recruit study participants, meaning all study partici-
pants had a prior connection with the BDFA. As a result,
study findings may be more positively skewed due to the
interviewees having support from a patient organisa-
tion, compared to families that are not connected with a
patient support organisation.

Many of the themes uncovered in this study warrant
further exploration in more specific studies, such as the
emotional and mental impact on families with a child
impacted by NCL (exhaustion and uncertainty); diffi-
culties in communication with healthcare professionals
(experiences and potential improvements); further quan-
tifying financial and employment impact of caregiving on
families in the UK. Also, the issue of genetic screening is
complex, and proper exploration of the ethics, societal
costs, economic scale, and practicality of genetic testing
for rare and largely untreatable genetic conditions is a
topic unto itself.

Conclusion
To our knowledge, this is the largest recent UK study to
provide an account of family experiences in CLN2 and
CLN3 disease. We found the impact of CLN2 and CLN3
disease to be consuming and felt throughout all aspects of
life. Families often had to fight for the health, education
and social services they needed, starting from diagno-
sis. Families took on enormous care responsibilities that
affected their employment and wellbeing. At the same
time, they often had difficulty accessing the local health,
education and social services they needed because of
long waiting times, complicated eligibility requirements
(e.g. home adaptations and other social services) or staff
(e.g. social workers) turnover.

While the findings are limited to two types of disease,
they call for more attention to NCLs as a whole. All
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forms of the disease are devastating. The progression of
the most common types is well understood, and there-
fore family needs can be anticipated from the moment of
diagnosis. More should be done to diagnose NCLs early,
and ensure the cascade of support services are seamlessly
provided throughout the care pathway and initiated for
children and families at the earliest possible opportunity.
This would allow children to maintain skills and quality
of life for as long as possible and provide comprehensive
support to the entire family.
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