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Ematochimici

Genetici





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.

Capillary electrophoresis (CE)
Charged molecules are separated by 
their electrophoretic mobility 



HPLC

CE



HPLC





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 b-thalassaemia variants) Reduction
Genetic Genetic

KLF1 variants d-thalassaemia
Triplicated a gene d-chain variants 

Some unstable variants a-chain variants 
Hb variants eluting with or close Hb A2 Hb Lepore1

a-thalassaemia2 

db and gdb thalassaemia; 
some mild b 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

4 alpha 

genes!!



SITE 2018



SITE 2018

Normal--/ααHbH -α/αα

MCH<27



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









Thal Intermedia - NTDT



Hb 14,8
MCV 81,7
MCH 26,9
RDW 14,7

Serum Iron 64
Transferrin 132
Transferrin

sat
20%

Ferritin 224

HbA2 2,6
HbF 0,6



Hb 9,6
MCV 61,7
MCH 19,7
RDW 11,9

Serum Iron 33
Transferrin 198
Transferrin

sat
11%

Ferritin 38

HbA2 5,3
HbF 1,0

Female, pregnant



Hb 11,9
MCV 92,1
MCH 30,3
RDW 13,4

Serum Iron 69
Transferrin 263
Transferrin

sat
18%

Ferritin 63

HbA2 3,6
HbF 1,2

Female, pregnant



Hb 8,2 11-14

MCV 56,8 68-84

MCH 18,9 24-30

RDW 12,7 12-15

Serum Iron 53
Transferrin 210

Transferrin sat 17%

Ferritin 45

HbA2 4,4
HbF 13,4

6 months, male

Anemization during infection



Hb 10
MCV 57,6
MCH 17,4
RDW 11,3

HbA2 1,6
HbF

?
3,1
3,7

Serum Iron 121
Transferrin 214

Transferrin sat 39%

Ferritin 727



Hb 12,7
MCV 87,5
MCH 28,8
RDW 12,7

Serum Iron 103
Transferrin 241
Transferrin

sat
30%

Ferritin 66

HbA2 2,2
HbF 7,6



Hb 14,6
MCV 87,5
MCH 28,3
RDW 12,9

Serum Iron 104
Transferrin 275
Transferrin

sat
11%

Ferritin 106

HbA2 1,5
HbF 0,5
HbX 1,1



Variant haemoglobin
- Stability
- O2 affinity

α 4 genes → 25%
β 2 genes → 50%
δ 2 genes → 50%

variant



Variant haemoglobin
variant

MCV 80 – 100 fl

MCH 27 – 31 pg

12 – 15 g/dl
13 – 17 g/dl

2 – 3,2 %

0 – 1,5 %p50





Hb 15,5
MCV 83,3
MCH 26,4
RDW 14

Serum Iron 103
Transferrin 181
Transferrin
sat

40%

Ferritin 345

HbA2 3,6
HbF 0,1
HbS 33,4



Hb 16,6
MCV 89,3
MCH 27,7
RDW 13,1

Serum Iron 104
Transferrin 280
Transferrin

sat
26%

Ferritin 124

HbA2 2,5
HbF 0,56
HbX 9,1

Variant ?



Hb 11,1
MCV 94,2
MCH 26,6
RDW 19,4

Serum Iron 87
Transferrin 207
Transferrin sat 30%
Ferritin 10

HbA2 3
HbF 0,8
HbX 7,7



Molecular analysis is a second level test



» First level test not conclusive
§ variant Hb characterization

§ α talassemia carrier (α+)
§ β+/silent mutations (e.g. borderline HbA2)



» 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



» 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



» 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



» 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





Single gene analysis

» DNA extraction
» PCR
» Sequencing





Next generation 
sequencing





RDB missed around: 6.5% beta mutations
16% alfa mutations

5% missed diagnosis

Overall around 8,5% pts with rare variants

RDB 450 euros each - NGS 800 euros



- high homology of the HBA1 HBA2 genes –no 
distinction of specific variants
- 1 case of false negative result, since the patient 
carried both the −3.7 deletion and the triple anti-
α 3.7 in the α-globin locus Multiple samples with deletions/duplications in 

the same session sometimes did not allow the 
algorithm to clearly call the most frequent CNVs  
- MLPA analysis.



Alpha -3.7 het

Hb 14,8
MCV 81,7
MCH 26,9
RDW 14,7

Serum Iron 64
Transferrin 132
Transferrin

sat
20%

Ferritin 224

HbA2 2,6
HbF 0,6



Hb 9,6
MCV 61,7
MCH 19,7
RDW 11,9

Serum Iron 33
Transferrin 198
Transferrin

sat
11%

Ferritin 38

HbA2 5,3
HbF 1,0

Female, pregnant

Alpha normal

Beta CD39 het



Hb 11,9
MCV 92,1
MCH 30,3
RDW 13,4

Serum Iron 69
Transferrin 263
Transferrin

sat
18%

Ferritin 63

HbA2 3,6
HbF 1,2

Female, pregnant

Alpha normal

Beta -101 het



Hb 8,2 11-14

MCV 56,8 68-84

MCH 18,9 24-30

RDW 12,7 12-15

Serum Iron 53
Transferrin 210

Transferrin sat 17%

Ferritin 45

HbA2 4,4
HbF 13,4

Alpha anti3.7

Beta IVS 2.745 het

6 months, male

Anemization during infection



6 months, male Hb 16
MCV 87,9
MCH 27,8
RDW 12,5

Serum Iron 72
Transferrin 244
Transferrin

sat
20%

Ferritin 175

HbA2 3,1
HbF 0,3

Alpha anti3.7 het

Hb 12,1
MCV 61,4
MCH 30,7
RDW 10,4

Serum Iron 77
Transferrin 264
Transferrin

sat
20%

Ferritin 15

HbA2 5,7
HbF 0,7Alpha normal

Beta IVS 2.745 het



Hb 10
MCV 57,6
MCH 17,4
RDW 11,3 HbA2 1,6

HbF
HbH

3,1
3,7

Alpha -3.7/--SEASerum Iron 121
Transferrin 214
Transferrin

sat
39%

Ferritin 727



Hb 12,7
MCV 87,5
MCH 28,8
RDW 12,7

Serum Iron 103
Transferrin 241
Transferrin

sat
30%

Ferritin 66

HbA2 2,2
HbF 7,6

HPFH



Hb 14,6
MCV 87,5
MCH 28,3
RDW 12,9

Serum Iron 104
Transferrin 275
Transferrin

sat
11%

Ferritin 106

HbA2 1,5
HbF 0,5
HbX 1,1

Delta globin variant



Hb 15,5
MCV 83,3
MCH 26,4
RDW 14

Serum Iron 103
Transferrin 181
Transferrin
sat

40%

Ferritin 345

HbA2 23,6
HbF 0,1
HbS 33,4

Alpha -3.7 het
HbS het




