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Introduction
Childhood Dementia otherwise known as Batten Disease is a progressive disorder that attacks the nervous system. It belongs to a group of conditions also known as Neuronal Ceroid Lipofuscinoses (About Batten Disease – BDFA, 2021).There are many forms of Batten Disease; Infantile Batten Disease which usually starts to present itself at around one year of age, then there is late Infantile Batten Disease, Juvenile Onset, then Adult Onset. Most forms of Batten Disease will result in premature death in all the children affected. Adult onset tends to have different symptoms to the children and death will vary between individuals (Kumar and Misra, 2019).
The purpose of this review is to research into the causes and effects of the disease, to see how far research has come in recent years and the availability of any treatments on the NHS. The review will also look at ways the affected child’s life can be made easier and the support system which is there for the child and their families.
Literature review (A) the causes of Batten Disease 
The cause for all forms of Batten Disease is Neuronal Ceroid Lipofuscinoses which are autosomal recessive disorders - the most common group of progressive neurogenerative diseases in children with figures as high as 1 in every 12,500 live births. There is almost an estimated 440,000 carriers of this in the united states alone. A study has found that the yeast gene BTN1 encodes a non-essential protein that is 39% identical and 59% to the human CLN3 gene. This study suggest that batten disease is caused by a defect in the Vacuolar (lysosomal) ph. Control (Pearce et al., 1999). 
There are many forms batten disease that all come from the CLN gene. The forms vary in age and in severity. Infantile Batten Disease usually starts to present itself from the age of one and comes in the form of CLN1 with mutation found in chromosome 1 in both sets of genes meaning both parents are unaffected carriers. This form of Batten Disease is usually very progressive, and symptoms present themselves much faster than other forms. This form also results in the most premature deaths according to (Mitchison, 1998).  CLN2 is the next form which presents itself as late Infantile Batten Disease. The symptoms for this form usually start between 3 and 5 years old. The mutation responsible this is on chromosome 11. The symptoms are usually the same as in CLN1 and will end in a premature death for the child. Later on set of Batten Disease is still classed as the CLN2 with symptoms usually starting at age 4-7. The difference with this form is that it tends to have a slower progression in symptoms. This form will still get all the same affects as the other forms and will still result in the death of the child according to (Gardner et al., 2019). Irreversible neurodegenerative damage will be apparent before diagnosis or by the age of 5. 
The CLN3 gene is responsible for juvenile onset Batten Disease. This form usually starts showing symptoms between ages 5 and 10years old. The older a child gets with Batten Disease the slower the disease progresses giving the child more time to be able to have an education to some degree. This would be in a special needs school as the child will eventually become dependent on aids that a normal mainstream school wouldn’t necessarily provide. This form also gives the child time to make memories with family members without being bombarded with symptoms all at once. Although this is not always the case with every child, the symptoms and the progression can vary greatly between them according to (Seehafer et al., 2011). It is suggested that an autoimmune response component to pathogenesis by using a pharmaceutical or genetic approach to attenuate this autoimmune response in CLN3 model mouse. It demonstrated a decrease in neuroinflammation of decreased deposition of Immunoglobin G in the brain and the protection of valuable neuron populations. This is the first plausible approach for the juvenile form of Batten Disease. 
Adult onset of batten disease comes from the CLN4 gene sometimes known as Kufs Disease Type B. The symptoms for this form of the disease start to present themselves at around the age of around 30 years old. The symptoms in this form of the disease are less catastrophic than all the other forms and mainly affects movement and dementia in patients. This form does not cause blindness like all the rest. The mutation responsible for this gene is the DNAJCS on chromosome 20. The age of death in this form varies from patient to patient (Arsov et al., 2011).The CLN mutation has others forms which have not been listed since there are many and symptoms and rates of progression being mostly the same up until adulthood (Mole and Cotman, 2015). The causes for all types of Batten Disease tend to come from the same place regardless of age colour and gender. Even though there are many forms of Batten Disease it is still classed as a rare disease with only around 150 people being affected across the UK and that is when all forms are considered. 
Most forms of NCL and are passed down genetically through family. This is called Autosomal Recessive Disorder. This is one of several ways a disorder or disease can be passed down in families. An Autosomal Recessive Disorder means that’s both copies of the gene, one from each parent have both been affected and are working abnormally. It doesn’t depend on the sex of the child and both biological parents are carriers of this gene but will never know as they are not physically affected by it. Even though both parents are carriers of the gene it doesn’t mean every child they have will be physically affected either. Some children will become carriers themselves and will be advised to get genetic counselling as an adult to determine as to whether any of their children will be affected. This is also the same as when there have been families who have more than one child with Batten Disease and have been severely affected by the symptoms and died of a result according to (Gavin et al., 2020). A sample of blood is taken to confirm whether a child has batten disease. Most of us would never consider doing a micro array which is a blood test to see if there are any mutations on our genes that could further impact any children we have. 
It only becomes apparent when we are put into the situation where genetic testing is advised. If were to get tested and there was a possibility, we could pass genetic disorders and diseases down to our children would we feel comfortable taking the chances we do to conceive? I suppose in essence it’s like opening a can of worms where we really don’t know what to expect. According to the NHS, genetic testing is free of charge for those who are suspected of having a genetic condition and this test will also be offered to any future children should they test positive (Genetic and genomic testing, 2021).
Literature review (B) The effects of Batten Disease
Now we know the cause of Batten Disease and the gene and chromosome mutations which it carries, what are the effects this disease has on the children and young adults that is affected? As previously mentioned, some forms are progressive than others in the terms that the symptoms can come back to back and many at a time as opposed to other forms that are much slower in progressiveness. 
Much of the symptoms will be the same for most of the forms of NCL, apart from the adult onset of the disease. They all seem to start with seizures for the most part. These seizures tend to be very aggressive in nature and are very hard to control even with sometimes taking multiple antiepileptics and emergency rescue medication such as buccalam. It may be at this point when seizures are harder to control that a consultant may then start to look at other things that may be going with the child. They will look out for behaviours such as the child started to become clumsy and imbalanced when walking or finding tasks, they would have ordinarily been able to effortlessly are they now showing signs that they may be struggling. As the disease starts to progress more and more the child will eventually lose the ability to eat and drink as they used to and most will require the use of a feeding tube, either a nasal gastric tube or a gastrostomy tube which is the more permanent form and is fitted through the stomach of the child. In a lot of cases feeding tubes do not only take the pressure off meal times but as the child disease becomes more progressive more and more medications will be added to the daily routine to try to relieve the child of some of the symptoms. The feeding tube becomes an easier way to get the medications into the child without the worry of knowing if it’s all been taken. Another reason for a feeding tube could be that the child has now become a high risk for aspiration pneumonia, which is where the food particles or fluid will go into the lungs. When the child struggles to swallow the NHS will offer guidance on feeding tubes (2021).
Children with Batten Disease will gradually lose their sight and in most cases will eventually be diagnosed as blind (Carvalho, 2021). This must be terrifying for someone who has had sight before this and must have a horrific effect on the families and parents. Usually by the time the child loses their sight they have already been through many of the symptoms and their mobility will now be severely affected, to the point the child can no longer walk or talk and will require the use of a full time wheelchair and other adaptations around the home. There will also be equipment such as a specialist bath seat and a mobile hoist or a ceiling track hoist to lift the child from bed to chair. Other specialist seating may be needed alongside the wheelchair which will help the child with posture and head control as unfortunately this will be another symptom of the disease.  
It is paramount children with Batten Disease have a good support system around them as there will likely be many different specialists involved with their care. Some of these professionals would include a paediatrician as an overall care provider and they will be the one responsible for the referrals to other health professionals and agencies. The family may also require a social worker who would work along side them and also for them (Help if you have a disabled child, 2021).  A social worker will be able to over see certain things like a care package from the local council that would include a carer going to the family home and helping with personal hygiene. They would also help the family if they would need some respite care to give the carers a break. Some families also require the use of a hospice facility for when times comes, and they are struggling physically and mentally. The downside to getting a social worker is the wait time as the child would need a disability social worker and they are usually over worked and stretched to their limits.
An occupational therapist will be responsible for providing the child with the equipment they will need such as wheelchairs, bath seats and any adaptations they will need around the home (Occupational therapy, 2021). A dietitian and speech and language therapist will be on board to incorporate dietary requirements for the child such as specialist milk feeds they will need in conjunction with their feeding tubes. The speech and language therapist will be there to monitor the safety of the child’s swallow and risk of aspiration. They key here among all health professionals involved will be the level of communication with each other as the disease progresses because the family will need as much support as possible (Dysphagia (swallowing problems), 2021).
The effects this disease will have on parents and siblings is truly heart-breaking. They will be the ones who will need the support and help of many people around them. They will remember the healthy child they had at birth and must watch their child deteriorate before their eyes. Those parents who have had children before and after having a child with Batten Disease will also have the job of trying to retain as much normality as possible to the household. They will also need to attend many appointments with various professionals and learning of the many medications their child will now have to have. The parents will at the very least require a very good support system such as a social worker who will be there to fight in the parent’s corner for any care packages that the child may need in the future. The child may also require a Child In Need Plan (Help if you have a disabled child, 2021).
Through medical advances and research children are not only treated just by the symptoms they experience anymore. There is now new trials taking place and even a new treatment available on the NHS which is currently available to all children with this disease (1 Recommendations | Cerliponase alfa for treating neuronal ceroid lipofuscinosis type 2 | Guidance | NICE, 2021).    According to the NHS (England, 2021) the new drug ‘Cerliponase afa Brineura’ is now available to patients to slow the progression and ease the symptoms of this disease. This is a breakthrough for children with this disease as it is the first treatment that has become available free of charge.
A pilot study of a drug named ‘Oral Cysteamine Bitartrate’ was introduced to ten children initially. Unfortunately, one of those ten children didn’t get passed the initial assessment due to being lost in the system. The nine children who were left 5 girls and 4 boys. They were given the drug at a rate of 60mg/kg per day. These children were tested every 6 to 12 months over a time of around 52 months. These children incurred brain MRI and magnetic response (MRS) and electron microscopic analysis of leuocytes for granular osmiohilic deposits (GRODS). The children also underwent neurodevelopment and physical assessments on the Denver scale. The outcomes of the trials were determined on the natural history of infantile neuronal ceroid lipofuscinosis and also that of any affected older siblings 
The pilot study showed through an MRI scan that abnormalities were the same as those in previous tests with a decrease in the brain volume and N-acetyl aspartic acid. However, there were no previous MRI reports to compare these decreases from before the study. None of the children gained any new developmental skills or retinol function. It was reported that the children seemed less irritable and had improved alertness of both in 7 children. Importantly no side effects were reported from the trial apart from stomach aches which were reported by two children. This stopped when swapping the liquid form of the medication to a capsule. So although no major positives were reported its good to note that there were two positive outcomes to this pilot trial (MD et al., 2014).
There are also gene therapy trials undergoing now according to (Cain et al., 2019). Mouse models used in this therapy has shown positive changes and could be future treatment for Batten Disease.
Methodology
The methodology that was used at the start of my research was reading about this disease. The Batten Disease website had a lot of information and gave me basis on where to start my research. Google scholar was a preferred search engine of choice when researching the causes of Batten Disease as I learned all about the gene mutations and the different chromosomes responsible for each form of the NCL gene. Google scholar has a function where I can adjust the dates so I can compare any literature from the past to see if there have been any changes in the most recent studies and literature. This become imperative to my search as one of the NCL was only found and named in 1995. Previous to this, this may have just been a number now your able to search a specific for of the disease and come up with the right form. Using keywords in search engines such as Google and Google scholar enabled me to look at literature in many ways. For example, just typing in Batten Disease in a search engine presented me with a lot of generic information on the disease whereas if I typed CLN1 GENE, OR CLN2 GENE I was able to find the relevant literature on each form. I knew I would be challenged when it came to literature as this disease is rare and unfortunately not a lot funding has been put into studies to teach us more about the disease.  However, this this didn’t stop me from finding the information I needed to create my findings. The fact that most studies are of recent years it gave me a more accurate literature to follow whereas if had I done the literature review a few years ago I wouldn’t have known of the treatments available to help slow the progression because there wasn’t any. 
When gathering sensitive information about vulnerable children it is important to always observe and respect their dignity. When a child has a disease like Battens Disease, getting access to them isn’t always possible as they may sensory issues which could make them uncomfortable. In my view the best way to make contact would be through a letter or an email to the parents to ask for consent and to not impose yourself on a family which can already be strained with the extra responsibilities they may have. When this sensitive information has been gathered it is important to observe the child’s and family’s identity should your research ever be made public. We want the condition and the affects to be made public but not the identity of the family. 
The most important thing for me while writing this literature review is giving people the opportunity who have never heard of this disease an option to research it for themselves and spread awareness of rare diseases. The more we educate ourselves and share with others, the more we learn about conditions which are very rarely highlighted in things such as television press and social media. Education for disability must start at early age for all those with common forms of disability and those who have very rare forms to be considered as equals in all forms of everyday life. One thing that was noticed when looking for relevant literature was that it mostly consisted of the same thing only used in different terms by different authors or websites. This is hard to get a critical review if you’re only finding one side of an argument. However I found the literature helpful and although it gave me more of an understanding it just emphasises my point that more research is essential because if a parent or family was looking for the information, which is often the case now, we all seem to turn to the internet; we want to see real facts and real life stories which can relate to the every day of their child and symptoms. Throughout the literature I noticed many different authors, with one who showed a great interest in Batten Disease and was included in a lot of my citations, known by S.E.Mole. This gave me more of an insight into looking at authors who have a considerable knowledge within this topic and field (Mole and Cotman, 2015).
FINDINGS AND DISCUSSION
The cause of Batten Disease
We have found that the cause of Batten Disease is always the CLN gene regardless of which form the child have, only differing in symptoms and rate of progression (Rider et al., 1988).
The effects of Batten Disease
I have identified the effects of this disease not only has on the child effected but for the family on a whole. The crucial care and adaptions which will become apparent in the child’s life (Mole, 2017). Its important that early intervention is used with these children rather than having these children endure huge waiting lists for equipment’s that they will ultimately need.


Going forward with Batten Disease in the future
Through recent studies we can now establish there is more hope in the future for trails and treatments available to these children on the NHS. Although no cure is found to eliminate the disease completely giving the family more time to be able to create memories and to slow progression or even halt it will give the child and their families a better quality of life (Johnson et al., 2019). More pilot drug trials are needed to assess different areas of progression, and to dig deeper into each mutation on each form of Batten Disease. 
More studies and research
To help find treatments more research and studies must be performed meaning more funding needs to be set aside for this disease (Johnson et al., 2021).
Conclusion 
In conclusion to this literature review, the hope has been to raise awareness for this deadly disease and to highlight the causes and affects of the CLN gene and its mutations. Through research its apparent that there is still a lot to be done in the future with more drug trials and studies into the affects, also for more support for the individuals and parents. Having said this looking at the last ten years there have been many changes and the future will hopefully be a brighter one for all those effected. 




















Bibliography

 Arsov, T., Smith, K., Damiano, J., Franceschetti, S., Canafoglia, L., Bromhead, C., Andermann, E., Vears, D., Cossette, P., Rajagopalan, S., McDougall, A., Sofia, V., Farrell, M., Aguglia, U., Zini, A., Meletti, S., Morbin, M., Mullen, S., Andermann, F., Mole, S., Bahlo, M. and Berkovic, S., 2011. Kufs Disease, the Major Adult Form of Neuronal Ceroid Lipofuscinosis, Caused by Mutations in CLN6. The American Journal of Human Genetics, 88(5), pp.566-573. 
Bdfa-uk.org.uk. 2021. About Batten Disease – BDFA. [online] Available at: <http://www.bdfa-uk.org.uk/about-batten-disease/> [Accessed 15 March 2021]. 
 Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 1852(10), pp.2237- nhs.uk. 2021. Occupational therapy. [online] Available at: <https://www.nhs.uk/conditions/occupational-therapy/> [Accessed 15 March 2021].2241. 
Cain, J., Likhite, S., White, K., Timm, D., Davis, S., Johnson, T., Dennys-Rivers, C., Rinaldi, F., Motti, D., Corcoran, S., Morales, P., Pierson, C., Hughes, S., Lee, S., Kaspar, B., Meyer, K. and Weimer, J., 2019. Gene Therapy Corrects Brain and Behavioral Pathologies in CLN6-Batten Disease. Molecular Therapy, 27(10), pp.1836-1847. 
Carvalho, J., 2021. Vision Loss in Juvenile Batten May Be Due to ‘Maintenance’ Failure. [online] Batten Disease News. Available at: <https://battendiseasenews.com/2021/02/26/vision-loss-in-juvenile-batten-may-be-due-to-maintenance-failure/> [Accessed 18 March 2021]. nhs.uk. 2021. 
 Dysphagia (swallowing problems). [online] Available at: <https://www.nhs.uk/conditions/swallowing-problems-dysphagia/> [Accessed 15 March 2021]. 
England, N., 2021. NHS England » Life-changing treatment on the NHS for children with rare, deadly disease. [online] England.nhs.uk. Available at: <https://www.england.nhs.uk/2019/09/life-changing-treatment-on-the-nhs-for-children-with-rare-deadly-disease/> [Accessed 13 March 2021]. 
England, N., 2021. NHS England » Speech, language and communication services. [online] England.nhs.uk. Available at: <https://www.england.nhs.uk/ltphimenu/children-and-young-people/speech-language-and-communication-services/> [Accessed 15 March 2021]. 
Gardner, E., Bailey, M., Schulz, A., Aristorena, M., Miller, N. and Mole, S., 2019. Mutation update: Review of TPP1 gene variants associated with neuronal ceroid lipofuscinosis CLN2 disease. Human Mutation, 40(11), pp.1924-1938. 
Gavin, M., Khatoon, S., Marchi, E., Mevs, C., Bolton, D., Velinov, M. and Junaid, M., 2020. Diagnosis of late-infantile neuronal ceroid lipofuscinosis using dried blood spot-based assay for TPPI enzyme activity. Clinica Chimica Acta, 507, pp.62-68. 
 Help if you have a disabled child. [online] Available at: <https://www.gov.uk/help-for-disabled-child> [Accessed 18 March 2021]. 
Johnson, T., Cain, J., white, K., Ramirez-montealegre, D., Pearce, D. and weiner, J., 2019. Therapeutic landscape for Batten disease: current treatments and future prospects. nature reviews neurology, 
Johnson, T., White, K., Brudvig, J., Cain, J., Langin, L., Pratt, M., Booth, C., Timm, D., Davis, S., Meyerink, B., Likhite, S., Meyer, K. and Weimer, J., 2021. AAV9 Gene Therapy Increases Lifespan and Treats Pathological and Behavioral Abnormalities in a Mouse Model of CLN8-Batten Disease. Molecular Therapy, 29(1), pp.162-175.
Kumar, A. and Misra, J., 2019. Batten the mystery disease: A brief on Batten disease. journal of pharmacognosy and phytochemisrty, [online] 8(2), pp.2331-2338. Available at: <https://www.phytojournal.com/archives/2019/vol8issue2/PartAL/8-2-524-721.pdf> [Accessed 16 March 2021]. 
MD, S., PHD, E., MD, W., MD, Z., MD, N., MD, A., MD, K., MD, S., MD, G., MD, O., MD, R., PHD, A. and MD, D., 2014. Oral cysteamine bitartake and N-acetylcyssteine for patients with infantile neuronal ceroid lipofuscinosis: Apilot study. The lancet neurology, 13(8), pp.777-787. 
 Mitchison, H., 1998. Mutations in the palmitoyl-protein thioesterase gene (PPT; CLN1) causing juvenile neuronal ceroid lipofuscinosis with granular osmiophilic deposits [published erratum appears in Hum Mol Genet 1998 Apr;7(4):765]. Human Molecular Genetics, 7(2), pp.291-297. 
Mole, S. and Cotman, S., 2015. Genetics of the neuronal ceroid lipofuscinoses (Batten disease). 
Mole, S., 2017. BATCure, Developing new therapies for Batten disease, Horizon2020. Impact, 2017(10), pp.37-39. 
 Nature genetics, pp.55-58. Rider, J., Rider, D., Opitz, J., Reynolds, J. and Pullarkat, R., 1988. Batten disease: Past, present, and future. American Journal of Medical Genetics, 31(S5), pp.21-26. 
nhs.uk. 2021. Genetic and genomic testing. [online] Available at: <https://www.nhs.uk/conditions/genetic-and-genomic-testing/> [Accessed 17 March 2021]. GOV.UK. 2021. 
 Nice.org.uk. 2021. 1 Recommendations | Cerliponase alfa for treating neuronal ceroid lipofuscinosis type 2 | Guidance | NICE. [online] Available at: <https://www.nice.org.uk/guidance/hst12/chapter/1-Recommendations> [Accessed 15 March 2021]. 
Pearce, D., Ferea, T., Nosal, S., Daz, B. and Sherman, F., 1999. Action of BTN1, the yeast orthologue of the gene mutated in Batten disease. 
Seehafer, S., Ramirez-Montealegre, D., Wong, A., Chan, C., Castaneda, J., Horak, M., Ahmadi, S., Lim, M., Cooper, J. and Pearce, D., 2011. Immunosuppression alters disease severity in juvenile Batten disease mice. Journal of Neuroimmunology, 230(1-2), pp.169-172. 
Swbh.nhs.uk. 2021. [online] Available at: <http://www.swbh.nhs.uk/wp-content/uploads/2012/07/Nasogastric-tube-feeding-ML4763.pdf> [Accessed 17 March 2021]. 




2

