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Ematochimici

Genetici



• «M00» emocromo e 

separazione Hb 
(Supplemento ordinario alla “Gazzetta Ufficiale„ n. 65 del 

18 marzo 2017 - Serie generale)

• HbA2 cod 90.66.3

• Hb anomale cod 90.66.5

• HbF cod 90.66.4





Hb 13,9

MCV 71,6

MCH 24,1

RDW 17,6

Serum Iron 36

Transferrin 335

Transferrin sat 7%

Ferritin 4

HbA2 2,6

HbF 0,1

Hb 16,6

MCV 88

MCH 27,6

RDW 16,3

Serum Iron 123

Transferrin 276

Transferrin sat 33%

Ferritin 56

HbA2 2,6

HbF 0,1



Globin separation

High Performance Liquid Chromatography 

(HPLC)

Column with small silica spheres, weakly cationic.

Haemolisates is injected in the

column

gradient of increasing ionic 

strenght

Photometer reads the 

absorbance



Globin separation

Capillary electrophoresis (CE)

Charged molecules are 

separated by their 

electrophoretic mobility 



HPLC

CE





Normal

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

In adults
AGE DEPENDENT!

2 – 3,2 %

<1,5 %



Delta thalassemia carrier

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

1 – 1,5 %

0 – 1,5 %

X



Hereditary Persistance Fetal Hb 
(HPFH)

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

>1,5 %



Beta thalassemia carrier

MCV 60 - 75 fl

MCH 18 – 26 pg

Mutation dependent

>3,5%

>1,5 %

X



Beta +

MCV 80 – 100 fl

MCH 27 – 31 pg

3,2 – 3,5 %

0 – 1,5 %

Mutation dependent



Increase (excluding -thalassaemia variants) Reduction

Genetic Genetic

KLF1 variants -thalassaemia 

Triplicated  gene -chain variants 

Some unstable variants -chain variants 

Hb variants eluting with or close Hb A2 Hb Lepore1 

-thalassaemia2 

 and  thalassaemia; 

some mild  thalassaemia variants

Acquired Acquired

Hyperthyroidism Severe iron deficiency anaemia

Megaloblastic anaemia Sideroblastic anaemia 

Aplastic crisis in HS Lead poisoning

Antiretroviral drugs Leukaemia, aplastic anaemia

Pseudoanthoma elasticum 

Known causes underlying Hb A2 levels outside the normal range

EMQN Best Practice Guidelines for molecular and haematology methods for 
carrier identification and prenatal diagnosis of the haemoglobinopathies



Alpha thalassemia carrier

MCV ≤ 80 fl

MCH <27 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

0 – 1,5 %

X? X?

X? X?

X? X?



Alpha thalassemia carrier

MCV ≤ 80 fl

MCH <27 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

0 – 1,5 %

X? X?

X? X?

X? X?



SITE 2018



SITE 2018

Normal--/ααHbH -α/αα

MCH<27



Alpha thalassemia carrier

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

0 – 1,5 %









Thal Intermedia - NTDT



Variant haemoglobin

• Stability

• O2 affinity

α 4 genes → 25%

β 2 genes → 50%

δ 2 genes → 50%

variant



Variant haemoglobin

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

0 – 1,5 %p50

variant





Molecular analysis is a second level test

Per entrambi



• First level test not conclusive

▪ variant Hb characterization

▪ α talassemia carrier (α+)

▪ β+/silent mutations (e.g. borderline HbA2)
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carrier, in order to correctly define the recurrence 
risk



• First level test not conclusive

▪ variant Hb characterization

▪ α talassemia carrier (α+)

▪ β+/silent mutations (e.g. borderline HbA2)

• «double carrier»: suspicion of α and β thalassemia 

carrier, in order to correctly define the recurrence 
risk

• To define the mutation in a carrier (gen-phen 

correlation)



Traeger-Synodinos J et al. European Journal of Human Genetics (2015) 23



• Sideropenia in pregnant couples: 

α and β globin genes analysis if the 

partner is a carrier in order to avoid PND delay
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partner is a carrier in order to avoid PND delay

• Exclude alpha globin gene 

triplication/quadruplication in the partner of a β 
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• Sideropenia in pregnant couples: 

α and β globin genes analysis if the 

partner is a carrier in order to avoid PND delay

• Exclude alpha globin gene 

triplication/quadruplication in the partner of a β 

thalassemia carrier to rule out NTDT risk

• Before prenatal diagnosis:

• Parental DNA must be known

• PND 50 is possible but residual risk



• Before prenatal diagnosis:

• Parental DNA must be known

• PND 50 is possible but residual risk

(2 different techniques – maternal cell contamination)



Paternity – maternal contamination

Microsatellite= short repeated DNA sequences, non 

coding, highly polymorphic



• α-globin genes more prone to deletion/duplication



doi.org/10.1016/j.bcmd.2017.09.004



• α-globin genes more prone to deletion/duplication

• β-globin gene more prone to point mutations





Singol gene analysis

• DNA extraction

• PCR

• Sequencing





Next generation sequencing
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