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Newborn screening  programme

Aim
To identify newborns affected by a severe disease
➢ Improvement of the natural course of the disease

Underlying principles:
• Natural history of the disease
• Availability of safe, cost effective treatment for affected individuals
• Frequency of the disease (cost – effectiveness)
• Availability of a screening test



Antenatal and Newborn screening for 
haemoglobinopathies

The NHS plan for England published in April 2000 made 

the commitment to implement 

“effective and appropriate screening programmes for women 
and children including a new national linked antenatal and 
neonatal screening programme for haemoglobinopathy and 
sickle cell disease”





UK National Linked Sickle Cell and Thalassaemia Screening Programme

1. Antenatal Screening Programme

AIM: Identify mothers at risk of having an affected child

• High Prevalence Criteria – ≥ 2%  or more of booking bloods are screen  positive

• Low prevalence  Criteria  - < 1% of  booking bloods are screen positive

2.      New-born screening Programme

-Universal 

AIM: identify babies affected by SCD

3. Prenatal Diagnosis and DNA diagnostic services

AIM: To give a definitive diagnosis



• Screening programme is about assessing risk – must detect 
HbS, HbC, HbD Punjab, HbE, Lepore, O’Arab , Beta thal and 
alpha zero

• Partner testing offered to ladies found to be carriers or 
disease

• Couples found to be at risk of having a child with a significant 
haemoglobinopathy offered counselling and prenatal
diagnosis.

Antenatal screening - Principles







Understanding risks or no risks!
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How do we improve outcomes in SCD?



Early  USA   data



Neonatal screening programme 

Newborn screening programme



Newborn screening programme

Cost  effectiveness: Universal screening  is dependent on 3 factors 

1. Numbers of babies screened: 

2. Automation – HPLC and CE are largely automated.

3. Laboratory centralisation
• Cost effective
• Technical expertise
• Quality assurance and accreditation



Requirements
1. Funding 

2. Health professionals
• Genetic counsellors
• Midwives
• Health Visitors  
• Pediatricians 
• Laboratory scientists
• Local and tertiary hospitals

Europe/USA

The Nigerian Healthcare Structure

Source: Federal Ministry of Health, NSHDP II

Where are the majority of babies born?

Newborn screening  programme



• Cord blood 

• Dried blood spot (DBS)  - Guthrie card

Newborn screening programme



Newborn screening programme



Routine haematology laboratory
Storage - 7 days @ 4 °C

Neonatal screening centre
Link to other programs e.g. HIV or 
immunisation 
Storage – 4-6 weeks @ room temperature

Source of sample - Cord blood versus dried blood spot 

Neborn screening programme



1. Cellulose acetate / agarose gel electrophoresis

2. Isoelectric focusing (IEF)

3. High Performance Liquid Chromatography (HPLC)

4. Mass spectrometry

5. Capillary gel electrophoresis

6. Molecular methods

7. Point of care tests

Analytical Platforms for newborn screening 



HPLC

IEF

CGE

Analytical Platforms

Sickle SCAN

HaemoTypeSC

Cellulose acetate 



Sickle cell disorders – Need to be identified

• Sickle cell anaemia (HbSS)
• HbSC disease
• HbS/beta thalassaemia

– Beta zero thalassaemia
– Beta plus thalassaemia
– Beta-beta thalassaemia
– Hb Lepore

• HbS/D-Punjab
• HbS/O-Arab

Milder conditions but offered follow up 
• HbS/HPFH
• HbS/E
Other significant haemoglobinopathies detected 
• Beta thalassaemia major
• HbE/beta thalassaemia
• Beta thalassaemia intermedia
• HbH disease



Principle of Isoelectric focusing (IEF)

Old (but dependable!) 
apparatus

Modern apparatus



Newborn Screening Technology - IEF



Newborn Screening Technology – IEF 
Train The Trainer Workshop –Abuja, Nigeria, Sept 2019



Adult samples Baby samples

Reading IEF tracings



Solvent delivery system Dual wavelength

The method is based on the elution of haemoglobin bound to a solid phase over time by buffers with a pH gradient.
The time from the injection of the sample into the column to the elution of the haemoglobin fraction is called the
retention time. Eluted haemoglobin is detected by a dual-wavelength detector and quantified by integrating the
area under curve of the produced chromatogram, expressed as a percentage of the total area

Principle of  High Performance Liquid Chromatography 
(HPLC)



• Different Hb’s are passed 
through the flow cell of the 
filter photometer where 
absorbance changes  at 
415nm are measured

• A chromatogram is 
produced

• Retention time is the time 
from injection to the point 
at which the haemoglobin 
fraction elutes off the 
column.

HPLC Chromatogram

Principle of  High Performance Liquid Chromatography 
(HPLC)



HPLC IEF
• Capital intensive, costly 

maintenance 
• Cheaper, easier to maintain

• Expensive reagents • Simple reagents

• Complex technology, • Less complex

• Constant utilities 
infrastructure

• More flexible regarding water 
and electricity supply

• Rapid and automated, large 
sample numbers

• Quantitative, accurate and 
reducible

• Time consuming, labour 
intensive

• Qualitative, subjective, less 
reducible

Comparison  of  analytical platforms



Methodology examples in 2015

Comparison of analytical platforms in  Europe - 2015



Principle: Immunoassay using monoclonal antibodies

Analytical platforms - Point of care tests



Analytical platforms - Point of care tests



IEF  /  HPLC Point of care testing (POCT)

• Capital intensive analysers • Portable – Extreme temp / humidity

• Major infrastructure • None (electricity/water)

• Expertise required, tech / interpret • Minimal training required

• Highly sensitive /specific • Highly sensitive / specific - potentially

• Time consuming • Rapid result

• Ideal for mass screening • Not efficient for mass screening

• Cost $3-5 • $1- 5

• Easy fix  - No investment or 
infrastructure, IT, link to public health 
systems

• Information governance  risks, 
• Lack of counselling,
• Emotional and psychological trauma

• Not expandable to e.g. Cong hypothyroid

Neonatal  screening  programme -



Diagnosis before birth - Prenatal Diagnosis (PND): 

Local arrangements must be in place to obtain an urgent fetal sample for 
prenatal diagnosis. The diagnostic approach  usually depends on the 
gestational age of the fetus, and the sample will be obtained by one of the 
following methods:

• Chorionic villus sampling (CVS) undertaken from 11 weeks of pregnancy
• Amniocentesis performed from 15-16 weeks of pregnancy
• Fetal blood sampling may also be an option

Indications for prenatal diagnosis:
• If both biological parents carry HbS, or one carries S and one carries C 
• If one biological parent carries HbS and the other is a suspected carrier of HbOArab, HbD Punjab, HbE, Hb Lepore or a type of 

b thalassaemia (including db thalassaemia).
• If one biological parent carries b thalassaemia, Hb Lepore, db thalassaemia and the other carries b thalassaemia, Hb Lepore, 

db thalassaemia, HbOArab or HbS.
• If both biological parents are carriers of alpha  zero thalassaemia (--/aa),
• If one biological parent carries HbS and the other is thought to carry deletional HPFH - PND is not usually indicated but it is 

important to ensure that deletional HPFH is differentiated from db thalassaemia (these cases may require mutational 
analysis)

Samples        DNA diagnostic studies



Chorionic villus sampling (CVS) 

Amniocentesis

Prenatal Diagnosis 

@ 15 -16 weeks

@ 11 weeks

Samples        DNA diagnostic studies
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https://www.hematology.org/global-initiatives/consortium-on-newborn-screening-in-africa

Nigeria, Kenya, Liberia, Uganda, Tanzania and Zambia

CONSA Goals and Objectives:
• Evaluate the effectiveness of early identification and clinical interventions for new-borns with SCD.
• Create sustainable, expanded networks for newborn screening and clinical interventions.
• Foster collaboration between African haematologists and public health services to develop an

organized network of researchers for conducting quality studies and publishing results.
• Increase haematology capacity throughout sub-Saharan Africa.

Funding for staff costs, reagents and DBS to screen 10,000-20,000 babies in each 
country annually with clinical follow-up

https://www.hematology.org/global-initiatives/consortium-on-newborn-screening-in-africa


Take home message

Laboratory newborn  screening for SCD

=  Implementation as part of a carefully planned programme

➢ Define the objectives  and deliverables of the programme e.g. platforms

➢ Link to rest of programme (pre and post analytical)

➢ Pilot  your programme with a cohort – LGA/Zone / PHC/ Hospital 

➢ Monitor  its efficiency, quality  and cost effectiveness

Thank You



Properties of the point-of-care tests

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-016-1572-6

https://www.hematology.org/global-initiatives/consortium-on-newborn-screening-in-africa

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-016-1572-6
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