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Overview 

1. Introduction to newborn screening (NBS)  

 

2. Expanded newborn screening & Tandem mass spectrometry 

(MS/MS)  

 

3. Newborn screening in other parts of the world 

 

4. Pilot program : Joshua Hellmann Metabolic Screening 

Program CUHK 

 

5. Working towards a universal territory wide newborn screening 

program 



Screening 

 a test performed on 

asymptomatic individuals that 

allows for early detection, 

therapeutic intervention & 

decreased morbidity/ mortality 

from the disease 

 

 e.g. pap smear – cervical cancer 

 

 

 Newborn Screening (NBS) – 

screening performed on 

babies in the newborn 

period 



History of Newborn screening 

 started in 1961 

 Introduced the first newborn screening in USA for 

Phenylketonuria (PKU)  

 Dried blood spot (DBS) 

 Bacterial inhibition assay 

Robert Guthrie  

(1916-1995) 

A bacterial culture with 

phenylalanine antagonist 

Excess phenylalanine in 

PKU patients can be 

determined based on the 

amount of bacterial growth 

 





PKU siblings 

 pre & post newborn screening 

 



Development of Newborn screening  

over the next 30 years  (1960-1990) 

  More disorders added 
 

◦ Congenital hypothyroidism 

 

◦ Cystic fibrosis 

 

◦ Congenital adrenal 
hyperplasia 

 

◦ Biotinidase 

 

◦ Hemoglobinopathy 

 

◦ Hearing  

 Important condition 

 

 Acceptable treatment available 

 

 Facilities for diagnosis & treatment 

 

 Difficult to recognize early 

 

 Suitable screening test 

 

 Natural history known 

 

 Cost-effective to diagnose & treat 

 

Wilson & Junger criteria 1968 
 



1990’s  

Expansion of Newborn screening 

• Technology driven 

 

• Tandem mass 

spectrometry  

• (MS/MS) 

 

• revolutionized newborn 

screening 



How does Tandem Mass 

Spectrometry MS/MS work? 
 

 
  

Ionization 

+ 

+ 
- 

+ 
- 

MS1 
+ 

+ 
MS2 MS3 Detection 

Sample 
Mass 

separation 
Fragmentation Mass 

separation 

Precursor ion Product ion 

• tandem = one following the other 

• mass spectrometry (MS) = an analytical technique that  

produces spectra of the masses of molecules comprising a 

sample of material 

 

molecules determined based upon their mass-to charge(m/z)ratio 



Metabolites measured by MS/MS 
Amino acids 

Alanine 

Arginine 

Citrulline 

Glycine 

Leucine/Isoleucine 

Methionine 

Ornithine 

Phenylalanine 

Proline 

Tyrosine 

Valine 

Succinylacetone 

Acylcarnitines 

C0 C6DC C14:2 

C2 C8 C14OH 

C3 C8:1 C16 

C3DC/C4OH C10 C16:1 

C4 C10:1 C16OH 

C4DC/C5OH C10:2 C16:1OH 

C5 C12 C18 

C5:1 C12:1 C18:1 

C5DC/C6OH C14 C18:2 

C6 C14:1 C18OH 



Tandem Mass Spectrometry (MS/MS)  

   Multiplex testing 

 

 

 

 

 simultaneous, rapid analysis & detection of many disorders  

 a high degree of precision & accuracy 

 

 

One test 

→  

one 

disorder 

One test 

→ 

multiple 

disorders 



Organic Acid Disorders 
1. *Propionic acidaemia (PA) 丙酸血症 

2. *Methylmalonic aciduria (MUT, cbl A/B) 甲基丙二酸血症 

3. *Isovaleric acidaemia (IVA) 異戊酸血症 

4. *ß-ketothiolase deficiency (BKT) 酮硫解酶缺乏症 

5. *Glutaric acidaemia type 1 (GA1) 戊二酸血症第1型 

6. *3-Hydroxy-3-methylglutaryl-CoA lyase deficiency (HMG) 三羥基三甲基戊二酸血症 

7. *Multiple carboxylase deficiency (MCD) 多發性羧化脢缺乏症 

8. *3-Methylcrotonyl-CoA carboxylase deficiency (3MCC)  

3-甲基巴豆醯輔酵素羧化酵素缺乏症 

9. 2-Methyl-3-hydroxybutyric aciduria (2M3HBA) 

10. Malonic aciduria  

11. 3-Methylglutaconic aciduria type I (3MGA) 

12. Isobutyryl-CoA dehydrogenase deficiency (IBG) 

13. 2-Methylbutyryl-CoA dehydrogenase deficiency (2MBG) 

14. Cbl C/D 

Fatty Acid Oxidation Disorders 
1. *Primary carnitine deficiency (Carnitine update defect, CUD) 卡尼丁缺乏症 

2. *Medium-chain acyl-CoA dehydrogenase deficiency (MCAD) 中鏈醯輔酶A去氫酶缺乏

症 

3. *Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD) 極長鏈醯輔酶A去氫酶缺

乏症) 

4. *Long-chain hydroxyl-acyl-CoA dehydrogenase (LCHAD) 長鏈醯輔酶A去氫酶缺乏症 

5. *Trifunctional protein deficiency (TFP) 三種功能蛋白缺乏症 

6. Short-chain acyl-CoA dehydrogenase deficiency (SCAD) 

7. Carnitine palmitoyltransferase I deficiency (CPT1) 

8. Carnitine palmitoyltransferase II deficiency (CPT2) 

9. Carnitine-acylcarnitine translocase deficiency (CACT) 

10. Multiple acyl-CoA dehydrogenase deficiency (GA 2) 

11. Medium/short-chain hydroxyl-acyl-CoA dehydrogenase deficiency (M/SCHAD) 

Amino Acid Disorders 
1. *Phenylketonuria (PKU) 苯丙酮尿症 

2. *Maple syrup urine disease (MSUD) 楓糖尿病 

3. *Citrullinaemia type 1 瓜氨酸血症1型 

4. *Argininosuccinic aciduria 精胺丁二酸酶缺乏症 

5. *Homocystinuria 高胱氨酸尿症 

6. *Tyrosinaemia type 1 酪氨酸血症1型 

7. Arginase deficiency 

8. Defects of biopterin cofactor biosynthesis or regeneration 

9. Citrullinaemia type 2 (Citrin deficiency) 

10. Hypermethionaemia 

Targeted 

towards  

Inborn errors of 

metabolism (IEM) 



Newborn screening in North America, 

Australia and Europe (Expanded)  

USA 

• 2006 

• 44 

Ontario 

• 2006 

• 29 

Australia 

 New Zealand 

• 2002 

• 30 

Norway 

• 2010 

• 23 

Germany 

• 2005 

• 10 

UK 

• 2007 

• 5 



Newborn screening in some Asian countries  

(Expanded) 

Taiwan 

• 2006 

• 11 

Japan 

• 2012 

• 16 

Singapore 

• 2006 

• 30 



 

 

Newborn screening in Asia Pacific Region (Not expanded)  
 Approximately half of all births world wide 
    Consolidating newborn screening efforts in the Asia Pacific region  

  by the Working Group of the Asia Pacific Society for Human Genetics 

   

 
       



Newborn screening in China (Not expanded) 

 2nd largest number of births in the world 

 

 variable coverage in different provinces  
 

 50% of newborns have access to NBS for Phenylketonuria & Congenital 
hypothyroidism  

  
 Expanded newborn screening for inborn errors of metabolism available in 

few major hospitals 
 



Current Newborn screening in Hong Kong 

 Started in 1984 

 Coverage 99% 

 Prevented kernicterus from 

G6PD deficiency & mental 

retardation from Congenital 

hypothyroidism 

 Hearing screening started  2007  



Should we implement Expanded newborn 

screening in Hong Kong? 

 
 Should we follow the world trend? 

 

 Is there the need locally? Do we have IEM patients that can be picked 

up by NBS? 

 

 Do we have the technology? 

 

 Can we effectively treat/manage patients that are picked up by 

newborn screening? 

 

 Can we afford it? 

 

 Is it cost-effective? 



 Is there the need locally? 

 Do we have IEM patients that can 

be picked up by newborn screening? 

IEM Patients in Hong Kong 



Inborn errors of metabolism 

local incidence & disease spectrum 

 PWH 

 1997-2000 (3y) 

 40 cases 

 14 Organic aciduria 

 5 Fatty acid oxidation 

disorder 

 3 Amino acid disorders 

 

 

 



• 3 hospitals (QMH, QEH & PMH)  

• 2005-2009 (4y) 

• 43 cases 

• 5 Organic aciduria 

• 8 Fatty acid oxidation disorder 

• 30 Amino acid disorders 

 

• IEM incidence 1 in 4122 live births 

 



Joint Metabolic clinic  

Prince of Wales Hospital 

since 1997 

IEM 
Symptomatic 

presentation 

Paediatricians 
  

       

Chemical 

Pathologists 

diagnostic work up 

• patient management 

• multi-disciplinary intervention 

   (Dietetics) 

• follow up  

• Genetic counseling 

• Prenatal diagnosis 

Over 150 families with 

various confirmed IEM 



Some IEMs are amenable to  

simple treatment !!!  

 if these IEMs can be diagnosed and treated 

early especially before patients become ill, their 

outcome would be so much better 

 

 in some instances even life saving 



Sudden death after mild illness  

from Carnitine transporter defect 

Consent obtained from parents 

 



Holocarboxylase Synthetase deficiency 

rash & severe metabolic acidosis   

Consent obtained from parents 



Glutaric Aciduria I        Acute encephalopathy    



Hyperphenylalanaemia (Atypical PKU) due to  

6 Pyrovyl tetrahydropterin synthase (PTPS) deficiency  

        developmental delay & movement disorder  

 



Benefits of  

Expanded newborn screening  

 

 

 

 

 

 

 early detection of potentially life threatening conditions 

 

 early treatment & prevention of harmful sequelae 

 

 reduce morbidity & mortality 

 

 reduce burden to family & society (cost of non-productivity, 
institution care, medical cost) 

 

change the natural history of  

a number of IEM conditions 

Life saving  
 



 
 
Harms of Expanded Newborn 

Screening 

 

Cost Effectiveness 



Problems/ Risks/ Harms  of  

Expanded newborn screening 
 
 Not diagnostic 
 Any presumptive positive result requires confirmation 

 
 Misconceptions 
 Not all IEMs have been screened for 

 
 False positives (Parental anxiety) 
 “It was scary and when I found out my daughter was fine I felt like 
 we’d gone through a lot for nothing.” 
 
 I’m willing to face the risk of a false-positive.  I would rather have my world 
 shaken for a brief period of time than to lose my baby forever.  
 Newborn screening saves lives; that’s enough for me. 
 
 False negatives (Missed diagnosis)  
 Variable disease severities – absence of biochemical abnormalities in the 
 newborn period 
 
 Symptomatic presentation before result of NBS available 
 
 The right ‘not to know’ 
 Labelling – diagnosis of benign conditions 
 Unanticipated outcomes – maternal conditions unraveled 
 



Cost - effectiveness of Expanded NBS 

 Cohort study in Australia 

 Comparing outcome for IEM patients at 6y before and after 

expanded NBS 

 Expanded newborn screening provides better outcome with 

fewer deaths and fewer clinically significant disabilities 

 



Cost-Effectiveness of Expanded Newborn 

Screening in Texas 
1Alberta Health Services, Edmonton, Alberta, Canada; 2The University of Texas at Austin, Austin, TX, USA 

 

Value in Health 15(2012) 613-621 

 Expanded newborn screening does result in additional expenses to 
the payer, but it also improves patient outcomes by preventing 
avoidable morbidity and mortality 

 

 The screened population benefits from greater QALYs (quality 
adjusted life years) as compared with the unscreened population 

 

 Overall, expanded newborn screening in Texas was estimated to be a 
cost-effective option as compared with unexpanded newborn 
screening 

 



Pilot program : 

The Chinese University of Hong Kong 

Joshua Hellmann Foundation  

Newborn Metabolic Screening Program 



Joshua Hellmann Foundation   

Newborn metabolic screening program 

The Chinese University of Hong Kong 

 

 
• a collaborative effort from 3 

clinical departments (Obstetrics, 

Paediatrics, Chemical Pathology) 

at the Prince of Wales Hospital 

 

• donated funding from Joshua 

Hellmann Foundation for Orphan 

disease 

 

• voluntary participation self 

financed 

 

• babies from both public & private 

hospitals 

 started July 2013  

 

 DBS cards collected & sent to 
the Screening lab at the Prince 
of Wales Hospital  

 

 MS/MS run 5 days a week 

 

 turn around time from 1-3 days  

 

 multiple logistics logistics 
logistics logistics logistics 
problems to overcome 

 

 



Joshua Hellmann Foundation   

Newborn metabolic screening program 

The Chinese University of Hong Kong 

Preliminary results 

 

 

 

 

 up till April 2014  
 (10 months) 

 

 screened over 4500 
infants 

 

 majority have normal 
results 

 

 recall rate ~ 0.5 

 

 turn around time 1-3 days  

 True positives :  4 cases  

 

1. elevated C5    
 Dx: 2-Methylbutyryl-CoA 
 dehydrogenase deficiency (benign) 

 

2. elevated C5-OH/C4-DC   
 Dx: ? 3 -Methylcrotonyl-CoA 
 carboxylase deficiency (maternal)  

 

3. elevated C8    
 Dx: Medium chain acylCoA 
 dehydrogenase deficiency 

 

4. decreased C0    
 Dx: ? Carnitine transporter defect 
  



 HK needs expanded NBS 
  Technology is available 

  Logistics is not impossible to work through 

 

  IEM babies need to be diagnosed at the earliest instance 

  to ensure the best possible treatment outcome 



The way forward- 

Working towards a territory 

wide Expanded newborn 

screening program 



Aim :  

Every newborn baby in HK gets  

expanded newborn screening 

 Public health program & policy 

 Working group (multidisciplinary) formed 2013  

 Members from  

 Clinical Genetic service (Department of Health) 

 Paediatrics, Obstetrics, Chemical Pathology   

 (Hospital Authority)  

 Clinicians  

 Laboratory staff  

 Public health personnel 

 

 Ethicists, Patient support groups 

 

 



            Screening: 

• Sample collection  

• Sample submission 

• Laboratory testing  

             Follow-up: 

• Obtain test results 

•  Get results to family   

• Repeat test(s) if 
needed   

• Ensure diagnostic 
testing 

     Diagnosis: 

• Subspecialist 
Assessment 

• Results shared with 
family 

• Counseling if 
necessary 

      Management: 

• Treatment   

• Long-term 
follow-up 

• Specimen 
storage 

 

Evaluation: 

• Quality assurance  

• Outcome evaluation 

• Cost effectiveness 

Screening is more than a test ……… 
 Components of newborn screening 

 

   

Sampling  

Screening  

Reporting 

Referring  

Follow-up  

Evaluation 

 



HA core values 



Kevin /31y  

American  

Photographer 

Hau Yin /6y 

Chinese 

Student  

All babies have equal rights to live healthy lives 
 
 

Expanded NBS is one such platform  
to ensure a good start for them  

http://www.youtube.com/wa

tch?v=W2ipJAIiBc8 

http://programme.rthk.hk/rthk/tv/programm

e.php?name=tv/parentinghandbook&d=20

14-04-14&p=6226&e=254615&m=episode 

 

http://www.youtube.com/watch?v=W2ipJAIiBc8
http://www.youtube.com/watch?v=W2ipJAIiBc8
http://www.youtube.com/watch?v=W2ipJAIiBc8
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode
http://programme.rthk.hk/rthk/tv/programme.php?name=tv/parentinghandbook&d=2014-04-14&p=6226&e=254615&m=episode


Acknowledgment 

Department of Paediatrics 

 CK Li 

 PC Ng 

 J Chong 

 F Yeung 

 

Department of Obstetrics & 

Gynaecology 

 TY Leung 

 Y Cheng 

 O Chan 

 J Lai 

 

 

Department of Chemical Pathology 

 D Lo 

 R Chiu 

 L Yuen  

 E Law 

 H Mak 

All patients & families who teach 

us IEM & trust us with their IEM 


