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A.  BACKGROUND 

1. Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with symptoms 
beginning early in life. The Diagnostic and Statistical Manual for Mental Disorders, 5th 
Edition (DSM-5) provides clear diagnostic criteria for ASD (impairments in social 
communication and interaction, with restricted, repetitive behaviours).1 In the USA, 
the estimated prevalence is 1 in 68 children. It is 4 times more common in boys. The 
prevalence in Singapore is estimated to be 1%, although no formal prevalence 
studies have been conducted. Approximate 20% of the preschool children seen in 
the  Child Development Program (CDP) run by KK Women’s and Children’s Hospital 
and National University Hospital are diagnosed with ASD.2 The actual number of 
affected preschool children diagnosed through the CDP has been increasing over the 
years, from 508 children in 2004 to 1031 children in 2017. There are no data on the 
number of children diagnosed in the private sector. The Ministry of Health’s (MOH) 
Burden of Disease Study in 2010 showed that ASD was the third leading cause of 
disease burden from mental health disorders in Singapore and the leading cause in 
children under 15 years of age.3  

2. Children with ASD usually need more resources than neurotypical children. With the 
increasing number of children diagnosed over the year, the demand for special 
schooling has increased. There are no published data on the number of children with 
ASD in special schools, as not all affected children attend autism-specific special 
schools. St Andrew’s Autism School for children with  moderate to severe ASD saw 
its intake increase by 13.1% between 2016 and 2017.4 The number of students in the 
Eden School, a special school also for children with moderate to severe ASD, 
increased from 138 in 2010 to 313 in 2016.5  These 2 schools, together with AWWA 
Special School, needed to increase their capacity for children with ASD by 75 places 
in 2017.6 Pathlight School, which mainly supports children with ASD who are able to 
access a mainstream syllabus, doubled its total enrolment from 603 children in 2010 
to 1269 children in 2017.7 The number of students with ASD in mainstream school 
has also increased from 3500 in 2012 to 5000 in 2016.8 These children often require 
assistance from the support services in their primary and secondary schools. 
Together but indirectly, these data show the increasing amount of resources that 
children with ASD in Singapore require.  

3. There are currently no curative treatments for ASD. Symptom reduction is achieved 
by behavioural therapies and social communication support. As affected individuals 
can also have comorbid mental disorders (anxiety, depression and Attention Deficit 
Hyperactivity Disorder), pharmacological treatment may also be required. Overall, 
the burden of disease can be very high for individual families and the quality of life 
can be significantly impacted. Unpublished data from the Department of Child 
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Development in KKH showed that almost 30% of parents of children with ASD 
reported clinical levels of depression.   

4. Part of the reason why curative treatments currently do not exist is the complex and 
heterogeneous etiology of ASD. It is highly heritable, but with complex and highly 
variable genetics9 and affected by epigenetics.10, 11 Prematurity12 and birth hypoxia13 
have been associated with ASD. 

B.  THE CENTRAL NERVOUS SYSTEM CHANGES IN ASD 

There is no doubt that ASD is a neurodevelopmental disorder. Numerous studies 
have shown a variety of changes in the brain, including decreased or altered 
connectivity, hypoperfusion and immune deregulation. 14 Increased plasma cytokine 
levels, localised inflammation and pathological astrocyte overgrowth have also been 
found in ASD.15 Both post-mortem brain tissue studies and PET imaging data from 
living individuals with ASD have shown evidence of increased microglial activation, 
suggesting that immune and/or inflammatory-mediated brain damage play a role in 
its etiology. 16.  

C.  AUTOLOGOUS UMBILICAL CORD BLOOD (UCB) TRANSFUSION 
AS A THERAPEUTIC OPTION FOR ASD 

(1) Background  

With the current evidence suggesting that there is an immune pathology in ASD, 
therapies targeting immune modulation have been considered. UCB cells have been 
shown in vitro to be able to protect neuronal cell cultures (oligodendrocytes and 
astrocytes) from damage induced by hypoxia/ischemia. 17 A non-randomised, open 
label, single centre Phase I/II trial was conducted in China to investigate the safety 
and efficacy of combined transplantation of human cord blood mononuclear cells 
and umbilical cord-derived mesenchymal stem cells in 37 children with ASD with 
ages ranging from 3 – 12 year of age.18 There were statistically significant differences 
in the Childhood Autism Rating Scale, Clinical Global Impression Scale and the 
Aberrant Behaviour Checklist. The combination of cord blood mononuclear cells and 
mesenchymal cells had larger therapeutic effects than the cord blood mononuclear 
cells alone.  

(2) Safety of UCB  

Although there are very few trials with UCB in children with ASD, it has been used for 
other paediatric conditions. Novak et al conducted a meta-analysis of UCB trials for 
cerebral palsy.19 In 328 participants followed up for 6 months, serious adverse 



 

 

REVIEW PAPER  | AUTOLOGOUS CORD BLOOD TRANSFUSION FOR CHILDREN WITH AUTISM 
SPECTRUM DISORDER 

 

4 

effects were rare (3% in the study cohorts and 2% in controls). In the Dawson trial 
with 25 subjects with ASD described below, assessment of adverse events across a 
12-month period showed that it was safe and well tolerated. 20 In the Chez trial also 
described below, UCB infusion in their 20 children with ASD showed no serious 
adverse effects compared to a saline placebo. 21 

(3) Review of trials involving UCB for ASD  

There are currently only 2 published trials using Autologous UCB for the treatment of 
ASD.  
i. In 2017, Dawson et al reported on a prospective Phase I single centre trial in 

Duke University involving 25 subjects with ASD of a median age of 4.6 years 
(2.26 – 5.97), to determine the safety of autologous UCB in children and the 
outcome measures that could be used as primary and secondary endpoints for 
future randomised Phase II trials.20 Improvements in social communication and 
beneficial changes in core ASD symptoms were reported. Computerised eye-
tracking assessments showed improvements in social attention and behaviour 
that were associated with increases in connectivity across brain regions 
assessed using diffusion tensor imaging.  

In 2018, Murias et al reported on the same cohort of children and showed that 
there were increased alpha and beta power and decreased theta EEG power. 22   
Higher baseline posterior EEG beta power was associated with a greater degree 
in social communication symptoms.  

ii. In 2018, Chez at al from the Sutter Medical Centre in California in USA reported 
on another single centre, randomised, placebo-controlled, blinded study with 
treatment crossover at 6 months involving 29 children aged 2 to 6 years with a 
confirmed diagnosis of ASD. 21 The aim was to evaluate the safety and efficacy 
of an autologous UCB infusion versus a saline placebo in these children. There 
was a trend towards improvement, particularly in socialisation but no 
statistically significant differences for any endpoints. The authors recommended 
that tightly controlled trials were necessary to further progress the study of 
autologous UCB for ASD.  

(4) Trials in progress 

i. A Phase II randomised, placebo-controlled, blinded crossover study is currently 
in progress in Duke University.21  

ii. A Phase II, open label study is also in progress in Duke University to investigate 
the safety of matched, unrelated donor umbilical cord derived mesenchymal 
stem cells.23 
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iii. A prospective Phase I single centre trial to assess the safety and efficacy of a 
single infusion of autologous UCB in children with ASD is currently in progress 
in the Department of Child Development of KK Women’s and Children’s 
Hospital, in collaboration with Duke University.  

Review of websites that record ongoing trials and studies have not shown further 
studies on UCB in ASD children. 24-29 

D.  CONCLUSION AND RECOMMENDATION 

1. Studies have demonstrated the safety of Autologous UCB transfusions in children.  

2. Only one of the 2 published studies showed a definite improvement in the symptoms 
of ASD. Both the studies have been conducted in very small cohorts of children. 
There are insufficient published studies to conduct a meta-analysis.  

3. Furthermore, the long term safety and positive effects of this treatment have not yet 
been established. Hence, further studies are required to establish its usefulness and 
safety.  

4. At this point in time, the use of Autologous UCB for the treatment of ASD should be 
carried out only in a research setting, until further evidence of its long term safety 
and efficacy is available. 

 
Adjunct A/Prof Lourdes Mary Daniel 
Head and Senior Consultant 
& 
Dr Wong Chui Mae 
Senior Consultant  
Consultant in charge, ASD Clinic  
 
Dept. of Child Development  
KK Women’s and Children’s Hospital 

 

  



 

REVIEW PAPER  | AUTOLOGOUS CORD BLOOD TRANSFUSION FOR CHILDREN WITH EPILEPSY 

 

6 

WORKGROUP MEMBERS 

 
College of Paediatrics and Child Health, Singapore 
(1) Adjunct A/Prof Lourdes 

Mary Daniel  
Head & Senior Consultant  
Dept. of Child Development  
KK Women’s and Children’s Hospital 

(2) Dr Wong Chui Mae Senior Consultant  
Consultant in charge, ASD Clinic 
Dept. of Child Development  
KK Women’s and Children’s Hospital 

 

REFERENCES  

1. American Psychiatric Association (2013). Diagnostic and Statistical Manual for 
Mental Disorders, 5th Ed. 

2. Unpublished data. Child Development Program. MOH  

3. Epidemiology & Disease Control Division, Ministry of Health, Singapore. Singapore 
Burden of Disease Study 2010. June 2014. ISBN 978-981-07-9564-1. 

4. http://www.saac.org.sg. Annual reports.   

5. http://www.edenschool.edu.sg  

6. http://www.moe.gov.sg.  

7. http://www.autism.org.sg. Annual reports. 

8. http://www.moe.gov.sg. Parliamentary replies. 03.04.2017 

9. Pinto D, et al. Convergence of genes and cellular pathways dysregulated in autism 
spectrum disorders. Am J Hum Genet. 2014 May 1;94(5):677-94. doi: 
10.1016/j.ajhg.2014.03.018. Epub 2014 Apr 24. 

10. LaSalle JM. Epigenomic strategies at the interface of genetic and environmental risk 
factors for autism. J Hum Genet. 2013 Jul;58(7):396-401 

11. Jackson FL. Gene-environment interactions in human health: case studies and 
strategies for developing new paradigms and research methodologies. Front Genet. 
2014 Aug 29;5:271. 

12. Agarwal S, Rao SC, Bulsara MK, Patole SK. Prevalence of Autism Spectrum Disorder in 
preterm infants: A meta-analysis. Pediatrics. 2018 Sept; 142(3):Epub 2018 Aug 3. 

13. Hisle-Gorman E, Susi A, Stokes T, Gorman G, Erdie-Lalena, Nylund CM. Prenatal, 
perinatal, and neonatal risk factors of autism spectrum disorder. Pediatr Res. 2018 
Aug; 84(2):190-198. Epub 2018 Apr 18. 

14. Ichim T, Solano F, Glenn E, Morales F, Smith L, Zabrecky G, Riordan N. Stem Cell 
Therapy for Autism, J Transl Med. June 2007; 5:30. 

http://www.saac.org.sg/
http://www.edenschool.edu.sg/
http://www.moe.gov.sg/
http://www.moe.gov.sg/


 

 

REVIEW PAPER  | AUTOLOGOUS CORD BLOOD TRANSFUSION FOR CHILDREN WITH AUTISM 
SPECTRUM DISORDER 

 

7 

15. Goines PE, Ashwood P. Cytokine dysregulation in autism spectrum disorders (ASD): 
possible role of the environment. Neurotoxicol Teratol. 2013 Mar-Apr;36:67-81. 

16. Gesundheit B, Rosenzweig JP, Naor D, Lerer B, Zachor DA, Procházka V, Melamed M, 
Kristt DA, Steinberg A, Shulman C, Hwang P, Koren G, Walfisch A, Passweg JR, 
Snowden JA, Tamouza R, Leboyer M, Farge-Bancel D, Ashwood P. J Immunological 
and autoimmune considerations of Autism Spectrum Disorders Autoimmun. 2013 
Aug; 44:1-7. 

17. Li J, Yawno T, Sutherland A, Loose J, Nitsos I, Bischof R, Castillo-Melendez M, 
McDonald CA, Wong FY, Jenkin G, Miller SL. Preterm white matter brain injury is 
prevented by early administration of umbilical cord blood cells. Exp Neurol. 2016 Sep; 
283(Pt A):179-87. 

18. Lv Yong-Tao, Yun Z, Min L, Jia-na-ti Q, Ashwood P, Cho SHC, Ying H, Ge RC, Chen XW, 
Want ZJ, Kim BJ, Hu X. Transplantation of human cord blood mononuclear cells and 
umbilical cord-derived mesenchymal stem cells in autism.  Journal of Translational 
Medicine. 2013; 11:196. 

19. Novak I, Walker K, Hunt RW, Wallace EM, Fahey M, Badawi N. Concise Review: Stem 
Cell Interventions for People with Cerebral Palsy: Systematic Review with Meta-
Analysis. Stem Cells Transl Med. 2016 Aug; 5(8):1014-25. 

20. Dawson G, Sun JM, Davlantis KS, Murias M, Franz L, Troy J, Simmons R, Sabatos-
DeVito M, Durham R, Kurtzberg J. Autologous Cord Blood Infusions Are Safe and 
Feasible in Young Children with Autism Spectrum Disorder: Results of a Single-center 
Phase I Open-label Trial Stem Cells. Transl Med 2017 May; 6(5): 1332-1339. 

21. Chez M, Lepage C, Parise C, Dang-Chu A, Hankins A, Carroll M. Safety and 
Observations from a Placebo-Controlled, Crossover Study to Assess Use of 
Autologous Umbilical Cord Blood Stem Cells to Improve Symptoms in children with 
autism.  Stem Cells Trans Med.  208; 7: 333-241 

22. Murias M, Major S, Compton S, Buttinger J, Sun JM, Kurtzberg J, Dawson G. 
Electrophysiological Biomarkers Predict Clinical Improvement in an Open-Label Trial 
assessing efficacy of autologous Umbilical Cord Blood for Treatment of Autism. Stem 
Cells Translational Medicine. 2018; 7: 783-791. 

23. http://www.cordblood.com  

24. http://www.centerwatch.com  

25. http://www.nichd.gov 

26. http://www.clinicaltrials.gov 

27. http://www.med.stanford.edu  

28. http://www.autism.telethon.org.au 

29. http://www.clinicaltrialsregister.eu  

 

  

http://www.cordblood.com/
http://www.centerwatch.com/
http://www.nichd.gov/
http://www.clinicaltrials.gov/
http://www.med.stanford.edu/
http://www.autism.telethon.org.au/
http://www.clinicaltrialsregister.eu/


 

 

REVIEW PAPER  | AUTOLOGOUS CORD BLOOD TRANSFUSION FOR CHILDREN WITH AUTISM 
SPECTRUM DISORDER 

 

8 

 

 

SU BM I TT ED :  FEB RU A RY  2019 
 
College of Paediatrics and Child Health, Singapore 
Academy of Medicine, Singapore 
81 Kim Keat Road 
#11-00 NKF Centre 
Singapore 328836 


	A. BACKGROUND
	B. THE CENTRAL NERVOUS SYSTEM CHANGES IN ASD
	C. AUTOLOGOUS UMBILICAL CORD BLOOD (UCB) TRANSFUSION AS A THERAPEUTIC OPTION FOR ASD
	(1) Background 
	(2) Safety of UCB 
	(3) Review of trials involving UCB for ASD 
	(4) Trials in progress

	D. CONCLUSION AND RECOMMENDATION
	WORKGROUP MEMBERS
	REFERENCES 


