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Types of screening

1. Premarital screening

2. Preconception screening 

- Indicated for at risk groups

- Pre-implantation genetic testing

3. Antenatal screening

4. Prenatal screening

5. Newborn screening
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Prenatal diagnosis

• Performed only when couple identified as having 1:4 or 
higher risk of a clinically significant disorder in the child. 

• Genetic testing is expensive and the genetics can be 
complicated. 

• PND for thalassaemia/haemoglobinopathy is best performed 
on CVS (i.e. first trimester ). Amniocentesis requires culture  
to get sufficient DNA for analysis– 2 week delay.

• Timing – important. Need 2-4 weeks for molecular work-
up. 
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Why screen?

Screen for significant 
thalasaemia syndromes and 
structural variants- most 
common and important- HbS

1. To detect and prevent 
diseases that are life 
threatening and causes 
morbidity, low quality of life 
and shorten life expectancy

2. Maternal morbidity

3. Options- genetic 
counselling, prenatal 
diagnosis, preimplantation 
genetic testing
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Who do you screen?
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Normal Haemoglobin
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Adult Hb

HbA=α2β2

HbA2=α2δ2

HbF=α2γ2
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α2γ2

α2δ2

α2β2

ζ2γ2

ζ2ε2, α2ε2
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Thalassaemia and Haemoglobinopathy
Fast facts:

• Alpha thalassaemia –reduction or absence of alpha globin chains

• Beta thalassaemia –reduction or absence of beta globin chains

• Haemoglobinopathy- an abnormal alpha OR beta globin chain (ie a 
genetic change that leads to a different amino acid in the alpha 
globin or beta globin chain) e.g. HbS, HbC, HbE

• Co-inheritance of alpha and beta variants is common (~20%)
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Thalassaemia and Haemoglobinopathy
Fast facts:

• All have autosomal 
recessive inheritance (ie 
BOTH parents must be 
carriers)

• Combinations of 
thalassaemia (a reduction 
in globin chains) and 
haemoglobinopathy 
(abnormal haemoglobin 
chains) can give rise to a 
clinically significant 
thalassaemic syndrome
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Thalassaemia and Haemoglobinopathy
Fast facts:

• Two unaffected carriers of either thalassaemia or 
haemoglobinopathy have a ¼ risk of a fetus affected with a 
severe transfusion-dependent thalassaemic syndrome
– E.g. ββ; α0α0; Eβ
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Detecting Carriers
Screening tests- first line of investigation

• Screening is based on individual risk by determining the 
family origin of the female and the biological father of the 
baby

• Complete blood examination – look at MCH, MCV, RDW, 
Hb, RBC count

• Iron studies – iron deficiency most common cause of 
microcytic, hypochromic picture

• Hb variant analysis (capillary electrophoresis or HPLC) – for 
detection of haemoglobinopathies, quantitation of HbA2 and 
HbF
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Beta Thalassaemia

• Caused by mutations- single nucleotide 
substitution, small deletions or insertions 
or rarely large deletions

• Resulting in reduced (β+)or absent 
(β0)production in β chains

• >350 mutations have been described

• β Thal trait- carrier

• β Thal homozygous- phenotypically 
variable
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Beta Thalassaemia trait

• Low MCH <27 pg (18-28.4)

• Low MCV <80 fL (56-81.2)

• Relative increase in HbA2% (α2δ2) –
      >3.5% (normal range 1.8-3.2%)
• HbF may be slightly increased

• Note: “Silent” carriers
– some β+ variants have 

near/normal indices
– Normal HbA2 with co-inheritance 

of δ gene variants or iron 
deficiency

• Beta thalassaemia trait masks alpha 
thalassaemia. Important to screen for 
both when assessing a couple with 
beta thalassaemia trait

14



For our patients and our population

OFFICIAL

Alpha Thalassaemia

15



For our patients and our population

OFFICIAL

Alpha Thalassaemia

• Deletions are the most common genetic variant

• Occasionally may be point mutations in critical 
regions- e.g. terminal codon leading to elongated 
Hb- Hb Constant Spring- non deletional forms 
result in more severe phenotype

• Results in reduced (α+) or absent (α0 )production 
of α globin
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Alpha Thalassaemia trait

• Hb variable depending on how many 
genes affected

• MCV<79

• MCH<27

• HbA2 normal or slightly decreased

• HbF normal 
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Significant Haemoglobinopathies

• All worsened by co-inheritance with beta 
thalassaemia:

➢HbS- single point mutation in 6th position of β globin 

gene- Valine replaces glutamic acid

➢HbC - single point mutation in 6th position of β globin 

gene- lysine replaces glutamic acid

➢HbE- single point mutation in 26th position of β globin 

gene- lysine replaces glutamic acid

➢HbD-Punjab-single point mutation in 121th position 

of β globin gene- glutamine replaces glutamic acid
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But also>1000 other variants

• Hb Lepore –reduced β-globin synthesis

• Hb C -Harlem –with HbS, sickles    

• Hb O –Arab- with HbS, sickles      

• Hb-Köln –highly unstable, haemolytic anaemia

• Hb-Terre Haute -extremely unstable, thalassaemic indices   

• Hb M- Saskatoon 

• Hb M –Hyde Park 

• Hb Chesapeake     

• Hb Kempsey             

• And others……(Hb Little Rock; Hb Woodville)
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Algorithm for Thalassaemia 
testing
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CBE and Hb Variant

HbA2 >3.2%

HbF 0-5%

Iron def ? Alpha 

thal 

MCV<80

MCH<27

Beta Thal 

trait

HbA2 <3.2%

HbF <1%

Ferritn < 30 Ferritin > 30
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ComMBS compliance

MBS rebatable testing is for:
1. Diagnosis of α-thal in patients of reproductive age if patient - 
• has abnormal red cell indices + β-thal testing was not conclusive  + does not have concurrent iron deficiency or is pregnant + have no 

historic normal cell indices.

2. Determination of carrier status in reproductive partners of patients of child=bearing potential who have been diagnosed with α-thal.

Abnormal red cell indices: MCV <80 fL, MCH <28 pg, HBA2 
<3.4%

ComReport requesting ATP

Com

Com Com

If inconclusive

Rare variant - Sanger seq
73411

Large deletion suspected – 
MLPA

73412

GAP PCR  - 2 common single gene and 5 two gene deletions
73410

Com

Non-deletion suspected – 
ααα/ αααα – MLPA, structural 
variant - Sanger seq

73413

1

3

2

Suspect alpha

--SEA     -α3.7

--MED    - α4.2

--FIL

--Thai

-(α)20.5
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Suspect beta

• HBB screen for common variants

   - 15 common HBB gene variants in SA including 
HbS and HbE

   -  MALDI-TOF mass spectrometry

• HBB gene variant analysis

   - Allele specific PCR of a common deletion-
insertion variant

• Sanger sequencing
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Capillary Electrophoresis

23

Normal 

adult
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Capillary Electrophoresis
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3 week 

old baby
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Capillary Electrophoresis
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Sickle 

trait
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CASE PRESENTATION
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Case 1 

• Request form received
–G5P0

–Test requested ‘alpha thalassaemia’
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Case 1
Wife: Pregnant (Iron replete)

Husband
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Case 1

Wife
Husband
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Suspicious of alpha trait
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Case 1

• Previous results:

– Male partner has previously had genetic 
testing and found to be a carrier of both α0

thalassaemia (--SEA/αα) and Hb E

– If female partner also a carrier of α0 --SEA

thalassaemia

– Couple therefore has a ¼ risk of Bart’s 
hydrops fetalis

– Reproductive significance of this finding had 
not been appreciated
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GAP PCR Results - Prenatal Diagnosis

M- Molecular Weight marker

1- Negative control

2- SEA control

3- Normal control

4- Mother SEA heterozygote

5-Father SEA heterozygote

6-8 Fetus- SEA homozygote (Barts 

hydrops fetalis- no functional 

haemoglobin alpha genes) 

9- Control for SEA homozygous
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Normal

Deleted

Low MW

High MW

Mother Father Fetus
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Case 2 

• 32 yo female, 
approx. 22 weeks 
pregnant
– Hb 97

– RCC 4.49

– MCV 66.8

– MCH 22

– RDW 7.64

• 33 yr old male 
partner
- Hb 132

- normal indices
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Case 2
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89.2

4.7

6.1

Female Male

Β Thalassemia trait
HbS trait
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Case 2

• Female 

– HBB common variant screen

• Carrier of beta+ thalassaemia

• 1:2 chance offspring will inherit 
this variant

• Male

– HBB common variant screen

• HbS trait
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Case 2
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Couple have 1 in 4 chances of offspring 

with HbSβ+

Sickle trait

Β trait
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Summary

• All women should be tested for thalassaemia and 
haemoglobinopathy before or early in pregnancy
– CBE

– Fe studies

– Hb variant analysis

• For at-risk couples (based on family history, 
ethnicity, or maternal results) partner testing 
should also be performed

• Cost of testing every pregnant woman in the 
state would be offset by preventing a single case 
of thalassaemia major 
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Caveat

• May not detect silent β thal carriers

• May miss combined α and β thal carriers

• May not detect coinheritance of β thal and 
α triplication

• May miss Hb variants in non high risk 
groups

• May not detect Thal carriers if MCV/MCH 
raised by folate/Vit B12 def, liver disease, 
etc
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