
Abstract. – Objectives: The term beta-
thalassemia includes all those hereditary distur-
bances of the hemoglobin (Hb), transferred
trough a recessive autosomal mechanism, due
to a reduced or else defective synthesis of beta
globin sequences. The aim of this paper is to
highlight as sometimes the only biochemical di-
agnosis is not exhaustive and a molecular diag-
nostic widening is necessary to detect the ge-
netic deficiency that is the reason of the beta-
thalassemic trait. 

Case Report and Results: To improve this
theory the following clinical case is reported: a
29 years old girl that was 11 weeks pregnant
addressed us to receive the prenatal screening
test related to the first three-month pregnancy
period. The biochemical and hematological
tests highlighted that Mrs. D.F. was a carrier of
the beta-thalassemic trait, (MCV 63fl↓, MCH
30pg, HbA2: 4.4↑, HbF:1.5↑, red blood cells
5.92×106/ul and Hb 12.4 g/dl), that has been con-
firmed trough our molecular analysis (genotype:
β+IVS1.110 G→A in heterozigosys). More diffi-
cult to be realized was the case of Mr. B.A.: he
showed an uncertain hematological picture la-
beled as “compatible with a α-thalassemia pic-
ture” (MCV 62.9fl ↓, MCH 21.4pg ↓, HbA2: 2.7,
HbF: 1.0, red blood cells 5.33x106/ul, Hb 11.4
g/dl↓). This picture revealed difficult to be under-
stood because of the regularity of HbA2 (2.7%)
that was in contrast with the value of the MCV
(62.9). In situation like this only the molecular di-
agnosis allows correctly highlighting the specif-
ic typology of thalassemia the subject is carrier
of. As a matter of fact the molecular analysis ex-
cluded the possibility that Mr. B.A. was a α-tha-
lassemia carrier and pointed out that he was a
healthy carrier of β-thalassemia (genotype
β°39C→T in heterozigosys). In the light of what
has been explained above, the couple has been
informed about risks to beget child suffering
from β-thalassemia and together with the mar-
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ried couple has been decided to work out a pre-
natal diagnosis through a sample of chorionic
villus. 

Discussion and Conclusions: The identifica-
tion of these particular cases fixes important im-
plications about the prenatal diagnosis ap-
proach. The correct characterization of the
healthy carrier is absolutely necessary with a
subsequent study in depth of the partnerʼs situa-
tion. It is important to highlight the importance
of a careful study of hematological parameters
and a widespread and correct information about
clinical implication connected to the complica-
tions of the β-thalassemia. As to this subject, the
molecular study of the defect of the gene let to
point out couples that run the risk of β-tha-
lassemia and to develop an exhaustive and cor-
rect information about the possibility to beget
children suffering from β-thalassemia. If two car-
rier partners wish to have children they can
chose among the following possibilities: they
can be well informed about the risk and accept
the possibility to beget a child suffering from β-
thalassemia, they can give up the idea of having
children or they can decide to beget children
however but to avoid the possibility that the
same suffers of thalassemia they can ask for a
prenatal diagnosis.
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Introduction

The haemoglobin, the iron-containing oxygen-
transport metalloprotein in the red blood cells,
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features quaternary structures of proteins com-
posed by four polypeptide subunits, two “α type”
and two “β type”.

In adult people it is possible to find three dif-
ferent kind of haemoglobin:

• The A haemoglobin (HbA): it equals to 96%
of the total haemoglobin and is composed by
two α chains and two β chains (HbA: α2,β2).

• The A2 haemoglobin (HbA2): it represents
around 2.5% of total haemoglobin and is com-
posed by 2 delta (δ) chains instead of β chains
(HbA2: α2,δ2).

• The HbF haemoglobin: it corresponds to less
than 1% of the total haemoglobin and consists
of 2 γ chains replacing beta chains (HbF:
α2γ2). 

The globinic chains are coded by genes organ-
ised in two distinct families:

• “alfa cluster”, located on the distal end of the
short arm of chromosome 16, into a DNA re-
gion of 30 kb along the DNA strand (Figure 1);

• “non-α cluster”, located on the distal end of
the short arm of chromosome 11, spread over
a DNA region of 60 kb (Figure 1). The loca-
tion of genes on their own chromosome is the
same (from 5′ to 3′, in this order) of their onto-
genic expression during the growth1,2.

The Chromosome 11 contains from the 5′ to
the 3′: the genes ε, γG and γA, the pseudo gene ψβ
and the genes δ and β. The chromosome 16 con-
tains the genes ζ2, the pseudo genes ψζ1, ψα2,
ψα1, the gene α2, α1 and finally the pseudo
gene ψθ1.

Hence, in adults, for each normal cell there are
two couples of α genes (two in each chromo-
some), which are double in comparison to the β
genes (αα/αα, ββ).

With the denomination of β-thalassemias are
meant those hereditary disorders of haemoglobin
that are transferred with a recessive autosomal
mechanism caused by a reduced or non existent
synthesis of the β globinic chains3,4.

The β-thalassemic5,6 defect can be observed in
two modalities: complete lack (β0 thalassemia) or
reduced synthesis (β+ thalassemia) of the beta
chains. This deficit determines an imbalance in
the ratio between the HbA globinic chains, with
precipitation of the globinic chains. In fact, the
chains cannot bind and they result in excess (in
this case, the α chains). The consequence is the
alteration of the erythropoiesis and of the life of
the red cells.

Hence, the β-thalassemias are defined as the
synthesis defects of the β globinic chain deter-
mined by mutations existent at the beta gene level.

The mutation spectrum causing a deficit of be-
ta chains is very wide: several deletion of the
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Figure 1. “Alfa cluster”, located on the distal end of the short arm of chromosome 16. “Non-α cluster”, located on the distal
end of the short arm of chromosome 11.
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ness related to the low degree of anemia. The full
blood exam shows an intermediate anemia fea-
turing Hb values of about 1gr/dl lower than the
norm. The number of red blood cells can be nor-
mal, or – more often – higher. The MCV, MCH
and MCHC are lower. The values of HbA2

13,14 are
higher. In the southern Italian region of Basilica-
ta, and in particular in the area of Matera the fre-
quency of asymptomatic carrier of the beta-tha-
lassemic tract is high. In the province of Matera
the ratio is equal to 9.33±0.5315. Through the
Hardy-Weimberg equilibrium it is possible to
calculate that 0.8% of couples in the province are
composed by partners which are both asympto-
matic carriers and heterozygous for the beta-tha-
lassemic trait. 

This work has the aim to highlight how in
some cases the identification of asymptomatic
carriers for the beta-thalassemic trait can present
particular interpretative difficulties looking at the
biological and haematological situation only. For
this reason it is always advisable the molecular
analysis of the globin genes.

Materials and Methods

After a gynaecologic request, a 29 years old
pregnant woman (at 11 week), was under exami-
nation for the prenatal screening of the first
trimester (Down and Edwards syndromes,
through bitest). The outcomes of the biochemical
and haematological exams highlighted that the
woman under observation was an asymptomatic
carrier for the beta-thalassemic trait. Her part-
ner’s haematological features were unclear and
considered “compatible with α-thalassemia”. In
order to get a clear framework of the genotypic
structure of the globin genes, the repetition of the
following tests for both partners was carried.

• Analysis of the blood red cells morphology on
blood film.

• Full blood exam with Sysmex XE 2100 (Dasit
Cornaredo – Milan, Italy), with evaluation of
the Hb, MCH, MCV, MCH, MCHC.

• Evaluation of the haemoglobinic components
through Tosoh H.P.L.C. G7 system (Tosoh
Bioscience S.r.l. – Turin, Italy)16.

• Monitoring of iron serum and ferritin serum.

Moreover, on the male partner, an analysis of
the α-globin genes was carried to identify the

gene are known and are more or less extended.
However, the most frequent forms are represent-
ed by point mutations, which can involve the
coding sequence, the promoter region, initiation
or stop codon and splicing sequences.

Depending on the effects of the mutation, the
beta chain production can be totally absent (β0)
or can be reduced more or less drastically (β+).
As a consequence, the clinical features change
according to the quantity of beta chains that the
individual can produce.

On one hand, the β0/β0 will be affected by an
acute form, thalassemia maior, also defined as
Cooley’s disease. The β0/β+ compound heterozy-
gotes and the β+/β+ individuals will feature a soft-
en clinical situation, thalassemia intermedia. In
the case of thalassemia minor or of asympto-
matic carrier, the heterozygote will be sane or
oligosymptomatic (β0/β or β+/β).

Through the laboratory analysis, in the case of
Cooley’s disease it is possible to notice an high
level of anaemia. Moreover, the erythrocyte val-
ues are reduced (MCV↓; MCHC↓; MCH↓).

The blood film features an anisopoikilocyto-
sis. In some cases, erythroblasts in different de-
velopment stages can be noticed as well.

In these patients, the presence of high levels of
HbF7-9 is pathognomonic. Finally, other parame-
ters to flag are the increase of serum ferritin,
serum iron10-12 and indirect bilirubin levels. The
patients suffering from this kind of pathology are
dependent on blood transfusion.

The term “thalassemia intermedia” means all
those clinical cases that are intermediate between
the simple asymptomatic heterozygosis and the
severe homozygosis in the large series of mi-
crocitemic phenotypes.

The clinical features are similar to the ones of
thalassemia maior. However, the features are
less severe, have a delayed start and follow a
slower course. The patients are diagnosed rela-
tively late, at the age of 4-5 years. The feature
distinguishing – at almost all times − the tha-
lassemia intermedia and the thalassemia maior
is the presence of HbA, demonstrating the pres-
ence of a quota of effective erythropoiesis with
the presence of some grown red blood cells.
The early patients are not dependent on transfu-
sions, but can become dependent or need only
occasionally blood transfusions. 

The “thalassemia minor” is the least severe
form of the two clinical cases previously men-
tioned. The patients do not show any objective
clinical sign, or can show a moderate skin pale-
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mutation δ+ codon 27 (G→T); while on the fe-
male partner was carried a molecular analysis of
the β globin genes.

In order to do that, blood samples collected in
EDTA-K3 have been used.

The carried molecular analysis envisaged the
following steps:

1. DNA isolation starting from 25 ul of blood,
using the extraction kit of Promega Italiy S.r.l.
(DNA IQTM System, cod.C6701).

2. Multiplex amplification of the genic sequences
regarding the α globin (male partner) and β
globin (female partner).

3. Reverse hybridization on a strip through the
use of wild type and mutant probes and colori-
metric detection of the hybrid:
– The amplification and the reverse hybridiza-

tion on a strip have been obtained with the
use of commercial kits produced by Nuclear
Laser Medicine (cod. AC028: genetic test
aimed at the check of 21 mutations in the α-
globin genes, cod. AC006: genetic test
aimed at the check of 23 mutations in the β
globin genes). The mutations analysed are
listed in Tables I and II.

4. Additional molecular studies have been car-
ried on the male partner:
– Amplification, followed by enzymatic di-

gestion for the research of the mutation δ+

cod. 27 (G→T) (replacement of a single
base of the codon no. 27, first exon of the
δ gene). The restriction enzyme used is the
HaeIII (BioLabs, London, New England).
The resulting product is subjected to elec-
trophoresis on agarose gel (3%) in TAE 1X
buffer and subsequent ethidium bromide
staining.

– Amplification, followed by automatic diges-
tion for the research of the single nucleotidic
replacement in the starting codon of the α
gene: α2 init.Cd (T→C) NcoI (mRNA: start-
ing codon AUG corresponds on the DNA to
TAC, if the C is replaced by a T it will result
that we will have TAC→TAT; hence, the me-
thionine amino acid will be replaced by
isoleucine). The restriction enzyme used is the
NcoI (BioLabs, London, New England). The
resulting product is subjected to electrophore-
sis on agarose gel (3%) in TAE 1X buffer and
subsequent ethidium bromide staining.

Results

The haematological indexes of the male part-
ner (Mr B.A.) are reported on Table III. The mol-
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Nucleotide Gene
Mutation exchange defect

-101 C>T β+

-92 C>T β+

-87 C>G β+

-30 T>A β+

Codon 5 -CT β°
Codon 6 G>A (HbC) –
Codon 6 A>T (HbS) –
Codon 6 -A β°
Codon 8 -AA β°
Codon 8/9 G>C β°
Codon 30 G>A β°
IVS1.1 G>A β°
IVS 1.2 T>A β°
IVS 1.5 G>C β+
IVS 1.6 T>C β+
IVS 1.110 G>A β°
IVS 1.116 T>G β°
IVS 1-25 25 bp del β°
Codon 39 C>T β°
Codon 44 -C β°
IVS 2.1 G>A β°
IVS 2.745 C>G β+

IVS 2.844 C>G β+

Position Mutation

Test strip A -3.7 Single deletion
-4.2 Single deletion
-20.5Kb Double deletion
--MED Double deletion
--SEA Double deletion
--THAI Double deletion
--FIL Double deletion
α1 cd14 G>A
α1 cd59 G>A Hb Adana

Test strip B Anti-3.7 α tripled
α2 int cd [T>C]
α2 cd 19 [-G]
α IVS 1 5nt
α2 cd 59 [G>A]
α2 cd 125 [T>C] (Hb Quong SZE)
α2 cd 142 [T>C] (Hb Constant Spring)
α2 cd 142 [T>A] (Hb Icaria)
α2 cd 142 [A>T] (Hb Pakse)
α2 cd 142 [A>C] (Hb Koya Dora)
α2 poly A-1 [AATAAA>AATAAG]
α2poly a-1 [AATAAA>AATGAA]

Table I. α globin gene mutation investigated.

Table II. β globin gene mutation investigated.



ecular analysis of β globin genes confirmed that
Mrs. D.F. presents a mutation β+IVS1.110 G→A
(replacement of a nucleotide in the intron 1) in
heterozygous (Figure 2). This genetic setting

confirms the biochemical-haematological situa-
tion found that is clinically associated to the β-
thalassemia asymptomatic carrier. The molecular
analysis of α globin genes (Figures 3A and 3B)
shows that Mr B.A. does not present any of the
analysed mutations. Moreover, the analysis of
electrophoretic mobilities on 3% agarose gel,
shows that Mr B.A. does not present the muta-
tion “δ+ cod. 27 (G→T)” (Figure 4). As to the
mutation “α2 init Cd(T→C) NcoI”, Mr B.A.’s
analysis is negative (Figure 5). As a conse-
quence, it was not possible to assess why Mr
B.A. was diagnosed as probable asymptomatic
carrier of α-thalassemia17-18. To remove all
doubts, and considering that Mrs. D.F. was preg-
nant at 11 week, we carried a molecular analysis
on Mister B.A.’s β globin genes using the identi-
cal methodology applied to Mrs. D.F. The molec-
ular analysis showed that Mr B.A. was an
asymptomatic carrier of the mutation β039C→T
(Figure 6).

We informed the couple about the risk to
have a child affected by β-thalassemia and in
agreement with the couple it was decided to
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Blood levels of Mr. B.A.

Normal
Result Unit values

RBC 5.33 106/μl 4.5-6.0
Hb 11.4 g/dl 12-16
MCV 62.9 ↓ fl 82-98
MCH 21.4 ↓ pg 27-32
HbA2 2.7 % < 3.0
HbF 1.0 % < 1.0
Serum iron 91 γ60-100%
Serum ferritin 93 ng/ml Women: 6-81

men: 30-250
Osmotic
resistance. Mx 18↑ % v.n. 10%

Hb Alcali. Resis 2.5↑ % v.n. 0-1.5%

Table III.

Figure 2. Reverse dot blot analysis. Mrs. D.F. presents a mutation in heterozygosity: IVS 110 G→A.



84

carry a prenatal diagnosis through chorionic
villus sampling. 

Discussion

The data analysis shows that Mrs. D.F.’s phe-
notype is easily detectable for the particular
haematological features (MCV: 63↓, HbA2:
4.4, HbF:1.5↑, red blood cells: 5.92×106/ul),
which have been confirmed by the molecular
analysis that highlighted the genotype
“β+IVS1.110 G→A/β” associated to the bio-
chemical phenotype “thalassemia minor”. In
the case of Mr B.A. the diagnosis presented
some interpretative difficulties: the biochemical
phenotype could led to uncertain conclusions
(MCV: 62.9↓, MCH:21.4↓, HbA2: 2.718, HbF:
0.6, red cells: 5.33×106/ul and slightly reduced

Hb). This situation results in a difficult interpre-
tation, also because of the almost normal values
of the HbA2 (2.7%). As a consequence, only a
detailed analysis of the haematological parame-
ters focusing on the MCV led to the identifica-
tion of a β-thalassemia form. Usually, this can
generate ambiguous interpretations and could
also be undervalued. In these cases, the molecu-
lar diagnosis is the only tool to recognise the
form. For this reason the molecular diagnostic
study is necessary to be certain of the diagnosis.
The identification of these forms places relevant
clinical implications for the prenatal diagnosis
approach. Hence, it results as essential a correct
identification of the asymptomatic carrier, with
in-depth follow-up analysis on the asympto-
matic carrier’s partner.

It has to be highlighted the relevance of a de-
tailed analysis of the haematological parameters
and a precise information about the clinical im-
plications linked to the β-thalassemia complica-
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Figure 3. A, Reverse dot blot analysis. Absence of mutations in the alpha globin genes (Mr B.A). B, Reverse dot blot. Ab-
sence of mutations in the alpha globin genes (Mr B.A). 

A B
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Figure 4. Mutation  research “δ+ cod. 27 (G→T)” elec-
trophoretic trace obtained after amplification and digestion
with engyme HeaIII. In the presence of the mutation HeaIII en-
zyme cuts the fragment amplified in three pieces. In the ab-
sence of mutation the enzyme cuts the fragment in two pieces.
Wells 1 and 4: Amplified DNA and digested subject known for
not having the mutation in the gene δ (presence of two elec-
trophroretic bands). Wells 2 and 5: Amplified and digested
DNA of Mr. B.A. Absence of mutation in the gene δ (presence
of two electrophroretic bands). Wells 3 and 6: positive control
(presence of three electrophroretic bands).

Figure 5. Mutation research “α2 init Cd(T→C) NcoI”
electrophoretic trace obtained after amplification and di-
gestion with engyme NcoI. In the presence of the mutation
NcoI enzyme cuts the fragment amplified in three pieces.
In the absence of mutation the enzyme cuts the fragment
into two pieces. Wells 1: Positive control (presence of
three electrophroretic bands). Wells 2 and 3: Amplified
and digested DNA of Mr. B.A. Absence of mutation α2
init Cd(T→C) NcoI δ (presence of two electrophroretic
bands). Wells 4: negative control (presence of two elec-
trophroretic bands).

Figure 6. Reverse dot blot. Mr. B.A.
presents the mutation codon 39
39C→T in heterozygosity.
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tions. As to the latter, the molecular study of the
genetic defect led to the identification of risk
couples for β-thalassemia and to a better and
more complete more extensively inform about
the potential birth of a child suffering from β-
thalassemia. In the case of a couple of asympto-
matic carriers that takes the decision to have chil-
dren, the following options are available: be in-
formed of the risks and accept the possibility to
have a diseased child, give up on having children
biologically his, take the decision to have own
children in any case and to avoid diseases, opting
for prenatal diagnosis.
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