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Haemolytic Disease of the New born 
• Rh D allo-immunisation 
• ABO incompatiblity 
• Other RBC allo-immunisation 
• RBC membrane disorders:- HS, HPP 
• RBC enzyme defects:-G6PD, PK, others 
• Haemoglobinopathies:- alpha thalassaemia major, 

unstable structural variants, εγδβ thalassaemia 

 
 
 
 



Normal Haemoglobins 

Hb A (α2 β2)   95% of total     
 
Ηb Α2 (α2 δ2)  <3.2% of total 
  
Hb F (α2 γ2)    Predominant Hb in babies <1.0% in adults 

 



Genetics of haemoglobin synthesis 
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Haemoglobin switching 





The Haemoglobinopathies 

α-thalassaemia – mostly deletions  

β--thalassaemia – mostly point mutations  

α0-thalassaemia 

α+-thalassaemia 

 

β0-thalassaemia 

β+-thalassaemia 

1) Structural variants 
mutation changes an amino acid in globin chain 
 

2) Thalassaemias 



Pathophysiology of thalassaemia 

Alpha globin gene 
 expression 

Beta globin gene  
expression 

Globin chain imbalance 

Normal Normal 

Alpha thalassaemia trait Beta thalassaemia trait 

Beta thalassaemia  
       intermedia 

Beta thalassaemia major 

Hb H disease 

Hb Bart’s hydrops fetalis 

Clinical syndromes of alpha 
thalassaemia 

Clinical syndromes of beta 
thalassaemia 



Thalassaemia trait 

Normal red blood cells Microcytic/hypochromic red blood cells 



β-thalassaemia major  

Red Cell indices 
Hb 3-7g/dl 
MCV 50-60fl 
MCH 12-18pg 
 
 

HPLC/electrophoresis: Only Hb F and Hb A2 
present 



HPFH & Delta beta thalassaemia 
 • Complete switching doesn’t occur, gamma globin production 

remains at significant levels. 
 

• HPFH:- Elevated levels of fetal haemoglobin with normal red cell 
indices  
– Point mutations e.g gamma gene promoter mutations 
– Deletion mutations 

 
• Delta-beta thalassaemia:- Elevated levels of fetal haemoglobin 

with reduced red cell indices 
– Deletion mutations 

 
 
 



Deletional beta thalassaemia/HPFH 

ε Gγ Αγ ψβ δ β 
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beta thal 
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HPFH deletions:- lack of beta globin completely compensated for by 
increased gamma production – clinically benign 
 
Delta-Beta thalassaemia deletions:- some but not complete compensation 
for lack beta globin production – beta thal phenotype with low/normal Hb A2 



Case study 
• 4 day old baby, family origins Pakistan 
 
• ? Hydropic,  Hepatosplenomegally, severe 

anaemia requiring transfusion 
 

• Morphology:- erythroblasts 
 

• Retics :- 8.3%  
 

• ? Non-deletional alpha thalassaemia ? Poly A 
mutations 

 

HB – 64g, RCC – 2.41, MCV – 92, MCH – 26.6, Hb F – 67.5% 
Pre transfusion results 



Hb - 117 
RBC - 4.46 
MCV - 77 
MCH - 26.2 
Hb A2 - 2.0% 
Hb F - 0.7% 

Hb - 123 
RBC - 6.03 
MCV - 64 
MCH - 20.4 
Hb A2 - 3.2% 
Hb F - 0.8% 

HB  - 64 
RCC - 2.41 
MCV - 92 
MCH - 26.6, 
Hb F  - 67.5 

All 3:-  
• Normal  alpha and beta globin 

gene sequencing  
• Negative results for alpha 

thalassaemia deletion mutations 
 

Baby and parents 



MLPA 
(Multiple Ligase dependent Probe Amplification) 

 
 

Oligonucleotide Probes 
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MLPA 

Peak heights on capillary electrophoresis   

Deletion 

ε Gγ Αγ ψβ δ β 
5` 

3` 



ε Gγ Αγ ψβ δ β 
5` 

3` 5` 

LCR 

εγδβ – thalassaemia deletion 

Mother Father and new born 



Deletional beta thalassaemia/HPFH 

ε Gγ Αγ ψβ δ β 

5` 3` 
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Hb - 117 
RBC - 4.46 
MCV - 77 
MCH - 26.2 
Hb A2 - 2.0% 
Hb F - 0.7% 

Hb - 123 
RBC - 6.03 
MCV - 64 
MCH - 20.4 
Hb A2 - 3.2% 
Hb F - 0.8% 

Hb - 112 
RBC - 4.90 
MCV – 91.2 
MCH – 24.5 
Hb A2 - 2.6% 
Hb F - 0.5% 

Hb - 112 
RBC - 4.63 
MCV – 96.3 
MCH – 25.9 
Hb A2 - 3.0% 
Hb F - 0.5% 

Hb - 108 
RBC – 6.16 
MCV - 55 
MCH – 17.5 
Hb A2 – 3.1% 
Hb F – 2.6% 

HB  - 64 
RCC - 2.41 
MCV - 92 
MCH - 26.6, 
Hb F  - 67.5 

7yrs 6yrs 2yrs 4 days 



Epsilon-gamma-delta-beta thalassaemia 

• Presents as severe neonatal anaemia 
 

• Transfusions often required 
 

• Still birth and death shortly after birth have been described 
 

• Resolves during first months of life (as haemoglobin 
switching occurs) 
 

• Adult phenotype is similar to beta thalassaemia trait but 
with near normal A2 levels. 
 

• ? Why so much more severe that beta thalassaemia trait 
 

• Homozygous state has never been observed (most likely 
lethal) 







• 12 affected infants 
 

• 10 had prenatal and post natal complications :- all severely affected 
 

• 2 (siblings) were asymptomatic at birth 
 
 
 

 



• Triplicated alpha gene 
increases severity:- fetal 
hydrops 
 

• Mother required transfusions 
during pregnancy – 
erythropoietic stress 
 

• Found in all ethnic groups 
 



Case Study 
• 15 year old boy (mixed family origins) 
• Hb 129, MCV 66.6, MCH 21.4., A2 2.9%, Hb F 0.4% 
• Deletion of beta globin locus LCR 
• No reported problems in the newborn period 
• Mother “known thal carrier” repeated episodes of anaemia sometimes 

requiring transfusion 

ε Gγ Αγ ψβ δ β 
3` 5` 

LCR 



Summary  
• Consider εγδβ thalassaemia in unexplained HDN 

 
• Occurs in all ethnic groups 

 
• Could also be a cause of hydrops and IUGR 

 
• Co-existing increased alpha globin gene copy number 

will increase severity - ? Screen affected families for 
alpha CNVs  
 

• Consider possibility of adult carriers having symptoms 
during period of erythropoietic stress (e.g. pregnancy) 

 
• Considerable unexplained phenotypic variation 
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