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Abstract
Hemoglobinopathies constitute a major health problem worldwide, with a high carrier frequency, particularly in certain
regions where malaria has been endemic. These disorders are characterized by a vast clinical and hematological
phenotypic heterogeneity. The laboratory investigation includes determination of RBC indices, hemoglobin pattern, serum
ferritin, quantification of HbA2, HbF and detection of Hb variants by HPLC (High performance liquid chromatography).
Furthermore, in order to accurately identify thalassemia through molecular identification of globin gene, useful insights
are provided by family studies and comprehensive hematological analyses.
We have analyzed five cases with borderline hematological parameters. Four of these five cases involve pregnant women
that have come to our observation to undergo first trimester combined test. Due to the uncertainty of the biochemical and
hematological parameters, it was necessary to evaluate the globin genes to detect mutations causing haematological
borderline values.
The aim of this paper is to highlight that the biochemical diagnosis alone, in some cases, is not sufficiently reliable to
highlight the carriers of thalassemia trait.
The evidence suggests that the molecular analysis of globin genes provides the most effective way to correctly detect
carriers of thalassemia trait. The detected mutations in this work can be identified with a simple and inexpensive kit. This
would generate, in economic terms, significant savings.
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1 Introduction
Thalassemias are a group of blood genetic disorders, inherited in autosomal recessive manner. Defects in these genes can
produce abnormal hemoglobin and anemia. Abnormal hemoglobin appears in one of three basic conditions: structural
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defects in the hemoglobin molecule, diminished production of one of the two subunits of the hemoglobin molecule
(thalassemias), and abnormal association of otherwise normal subunits [1].
Occasionally, someone inherits two different variants from the alpha globin gene cluster or two different variants from
beta globin gene cluster. This condition is called compound heterozygosity. The nature of the two inherited genes
determines whether a clinically significant disease state develops. Among these, the thalassemias include a diverse group
of disorders and are broadly classified into α, β, δβ and γδβ thalassemias, depending on the globin chain(s), which are
insufficiently synthesized [2, 3].
Some biochemical tests (Hb, HbF, HbA2, RBC, MCV, MCH) are useful for identifying carriers of the thalassemia trait [4].
In the presence of thalassemic parameters in the CBC, an accurate and precise quantification of hemoglobin HbA2 is
essential for the diagnosis of the thalassemia trait. When biochemical tests are not exhaustive, it is necessary to study the
molecular globin genes [5-7].

2 Case reports
This work has the objective to characterize, in the most accurate possible way, five cases where the molecular
investigation was necessary to highlight the carriers of globin disorders.

3 Materials and methods
3.1 Patients
For the purposes of this paper, we have analyzed 5 cases: a child and four pregnant women. The first one was a five-years
old patient who underwent the screening for anemia. The initial results of his biochemical and hematological test had led to
the hypothesis that the child was a carrier of thalassemic trait (see Table 1).
Table 1. Biochemical parameters
Normal Range
Values
RBC (10^6/μL) 4.00 – 5.10

1st case
4.75

2nd case

3rd case

4th case

5th case

wife

Husband wife

husband wife

husband Wife

husband

5.33↑

5.69↑

5.33↑

6.58↑

5.69↑

5.92↑

5.11↑

5.2↑

Hb (g/dL)

11.8 – 15.1

9.2↓

11.4↓

16.7↑

12.4

11.4↓

12.8

13.0

11.2↓

12.9

MCV (fl)

80 – 98

60.6↓

67.9↓

85.2

63↓

62.9↓

79.8↓

58.8↓

65.2↓

68.7↓

MCH (pg)

27.0 – 32.0

19.4↓

21.5↓

29.3

30

21.4↓

27.2

19.8↓

21.5↓

22.7↓

HbF (%)

< 1.0

9.3↑↑

1.5↑

0.5

1.5↑

1.0

0.6

0.4

11.3↑↑

0.6

HbA2 (%)

< 3.2

1.3

4.4↑

3.6↑

4.4↑

2.7

2.9

1.9

2.7

3.7↑

The second case was about a couple: a 30-years-old pregnant woman (first pregnancy) and his husband. The woman was
admitted to our Unit at 12 weeks for a screening for thalassemia. The outcomes of the biochemical and hematological
exams (see Table 1) highlighted that the patient was a carrier of a beta thalassemic trait. The biochemical and
hematological parameters of her husband (see Table 1) were normal, except for the level of HbA2 (3.6%).
The third patient was a 29-years-old pregnant. She was admitted to our Unit and the first trimester combined test was
performed at 11 weeks of gestation. The final risk for trisomy 21 was equal to 1:1000. Before carrying out the tests we
carefully compiled the medical history of both the patient and her husband. The outcomes of the biochemical and
hematological exams (see Table 1) highlighted that the woman under observation was a carrier of the beta-thalassemic
trait.
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The fourth case was about a 33-years-old pregnant woman and her husband. She was admitted to our Unit and the first
trimester combined test was performed at 12 weeks of gestation. The final risk for trisomy 21 was equal to 1:950. This
patient presented biochemical parameters associated with thalassemia trait (see Table 1). Instead, her husband had
biochemical elements associated to α-thalassemic trait (see Table 1).
The fifth patient was a 26-years-old pregnant. She was admitted to our Unit and the first trimester combined test was
performed at 12 weeks of gestation. The final risk for trisomy 21 was equal to 1:1850. The pregnant woman presented a
high HbF (11.3%) with hematological parameters associated with beta thalassemia trait (see Table 1). Furthermore, even
some hematological parameters of the patient’s husband were not in the prefixed range (see Table 1).

3.2 Biochemical and hematological parameters
In each of the five cases, the following tests were applied after venous blood samples were obtained from all subjects
(collected in tubes containing EDTA-K3):


Blood films for erythrocytes morphology.



Detection of red cell indices with Sysmex XE 2100 automated cell counter (Dasit Cornaredo, Milan, Italy):
red blood cells count (RBC), hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular
hemoglobin levels (MCH), mean corpuscular hemoglobin concentration (MCHC).



High performance liquid chromatography (HPLC) to quantify hemoglobin subtypes in the blood samples
through Tosoh HPLC G7 system (Tosoh Bioscience S.r.l. – Turin, Italy) [8].



Assays of serum iron and serum ferritin through monitoring of their levels by Elecsys 2010 (Roche
Diagnostics GmbH).

3.3 Genomic DNA preparation
The molecular analysis of the globin genes was performed following the DNA isolation, starting from 25 μl of blood,
using the extraction kit of Promega Italy S.r.l. (DNA IQTM System, cod.C6701).

3.4 Study of the globin genes


The polymerase chain reaction (PCR) and reverse-hybridization was performed. The procedure includes two
steps: PCR amplification using biotinylated primers and hybridization of amplification products to a test strip
containing allele-specific oligonucleotide probes immobilized as an array of parallel lines. Bound
biotinylated sequences are detected using streptavidin-alkaline phosphatase and color substrates. The
amplification and the reverse hybridization on a strip were obtained with the use of commercial kits produced
by Nuclear Laser Medicine. The genetic tests were aimed at checking 25 mutations in the β-globin genes and
21 mutations in the α-globin genes. The analysed mutations are listed in Figures 1 and 2.

Additional molecular studies have been carried for the cases where the molecular analysis did not reveal the status of the
patients:


Amplification, followed by enzymatic digestion 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 was
the HaeIII (BioLabs, London, and New England). The resulting product was subjected to electrophoresis on
agarose gel (3%) in TAE 1X buffer and subsequent ethidium bromide staining.



Gap-PCR was used to detect a particular form of β-thalassemia, the Sicilian δβ thalassemia. Three primers
were used for the analysis of mutations:
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F1: 5'-TTGGGTTTCTGATAGGCACTG-3';



F2: 5'-GTGTCACCCATTAATGCCTTGTAC-3';



F3: 5'-TAGATCCCTTTGCCATTATG-3'.

The resulting product was subjected to electrophoresis on agarose gel (1.2%) containing ethidium bromide in TAE 1X.
The size of the fragments obtained after amplification for the mutations were:


1585 bp (Normal homozygous);



1585 + 1150 bp (Heterozygote).

4 Results
In the first case (5-years-old patient), given the particular biochemical profile (see Table 1) it was necessary to study the
molecular alpha and beta globin genes. The molecular analysis of the beta globin genes highlighted a β+IVS1.1G>A
heterozygous mutation (see Figure 1). The molecular analysis of the alfa globin genes highlighted an anti 3.7 Kb gene
triplication heterozygous mutation (see Figure 2). Carriers of this mutation show no clinical symptoms or hematological
changes, although a considerable amount of literature has reported that the existence of this mutation with mutations in β
globin genes worsens the clinical characteristics of the patient, as it has been found in this case [9].

Figure 1. List of mutations
researched in the beta globin genes
and mutations detected in the five
cases studied
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Figure 2. List of mutations
researched in the alpha globin genes
and mutations detected in the five
cases studied
In the second case the molecular analysis of the beta globin genes highlighted a β039C>T heterozygous mutation (see
Figure 1). The biochemical and hematological parameters of the partner (see Table 1) were normal, except for the level of
HbA2 (3.6%). Molecular analysis of the beta globin genes showed the mutation IVS2nt844C> G (heterozygous) (see
Figure 1). Furthermore, the heterozygous mutation δ+cod.27G>T was detected in the δ globin gene of the partner. For this
reason, he was diagnosed with a δ+β thalassemia (see Figure 3).
Our case showed that when a member of the couple is found having a thalassemic trait and his/her partner is found to be a
carrier of δ+β thalassemia, the couple should be informed about the possibility of conceiving a child with
non-transfusion-dependent thalassemia. Our purpose is to identify at-risk couples and offer them comprehensive and
accurate information on the clinical implications of the genetic defect.
In the third case the husband’s biochemical and hematological parameters (see Table 1) were difficult to assess: the
regularity of HbA2 (2.7%) was in contrast with the value of the MCV (62.9 fl) and MCH (21.4 pg). Performing further
molecular investigation we were able to characterize the molecular state of the partners’ globin genes: we found
β+IVS1.110G>A mutation in heterozygosis in the wife's β globin genes (according with the hematological’s results) and
the β039C>T mutation in heterozygosis in the husband's β-globin genes (see Figure 1). We informed the couple about the
risk of conceiving a child affected by β-thalassemia (25%). In agreement with the couple it was decided to carry out a
prenatal diagnosis through chorionic villus sampling. Following the results of the molecular analysis we were able to
correctly inform the couple about their clinical situation.
The fourth case pregnant woman presents biochemical parameters associated with thalassemia trait (see Table 1), instead
her husband had a biochemical associated to α1-TAL (see Table 1). The molecular analysis showed with certainty that the
woman carried α2 init Cd (T>C) NcoI mutation (α2-TAL genotype), her husband had genotype α0-20.5 Kb double deleted
gene, confirming α1-TAL phenotype.
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Figure 3. mutation research δ+cod.27G>T
electrophoretic trace obtained after amplification
annd digestion with enzyme HeaIII. In the
presence of the mutation HeaIII enzyme cuts the
fragment amplified in three pieces. In the absence
of mutation the enzyme cuts the fragment in two
pieces
Lanes 1 and 2: amplified DNA and digested
subject known for not having the mutation in the δ
gene (presence of two electrophoretic bands)
Lane 3: amplified DNA and digested of husband
second case. present in heterozygosity mutation
δ+cod.27G>T (presence of three electrophoretic
bands)

Figure 4. Gap-PCR. lane 1, 3: normal subjects.
lane 2, 4, 5 heterozygous Sicilian δβ-thalassemia

Since one spouse is affected by α2-TAL and the other one is affected by α1-TAL, we informed the couple about the
probability to conceive a child affected by HbH.
We believe about the primary importance of performing a molecular analysis on the globin genes when the biochemical
and hematological parameters are not clarified, like in the current case. Through the molecular analysis, in effect, it was
possible to clarify the molecular state of the partners’ globin genes.
In the fifth case the pregnant woman presents a high HbF (11.3%) with red cell parameters associated with beta
thalassemia trait (see Table 1). The molecular analysis did not show any mutation in α and β globin genes. As a
consequence, it was necessary to perform other analysis in order to detect the cause of the altered hematological values.
Through the Gap-PCR (see Figure 4) we were able to identify a deletion, in heterozygosis, caused by an unequal crossing
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over between δ and β globin genes called Sicilian δβ-thalassemia. δβ-thalassemia is characterized by the occurrence of
large deletions involving the δ and β globin genes [10]. Heterozygous carriers of δβ-thalassemia show HbF levels ranging
from 4.0% to 18.6% [11, 12]. Furthermore, even some hematological parameters of the patient’s partner were not in the
prefixed range (see Table 1). The molecular analysis of the beta globin genes highlighted an IVS1.6T>C heterozygous
mutation (see Figure 1). We informed the couple about the risk to have a child compound heterozygote for "Sicilian
δβ-thalassemia/IVS1.6T>C" (25%). In this case, the couple refused to carry out a prenatal diagnosis.

5 Discussion and conclusions
Thalassemia is the most common monogenic disease and it is a public health problem. Prevention and control of
thalassemia require simple, rapid, and accurate screening tests, especially for couples that are at risk of conceiving children
affected by severe thalassemia. In these cases, the molecular diagnosis is the only tool to recognize it. 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, a correct identification of the asymptomatic carrier is
essential, including the in-depth follow-up analysis on the asymptomatic carrier’s partner. The relevance of a detailed
analysis of the hematological parameters and a precise information about the clinical implications linked to the
thalassemia complications need to be highlighted as well. As to the latter, the molecular study of the genetic defect led to
the identification of at-risk couples for thalassemia. Moreover, it allowed providing better, more comprehensive
information about the risk of conceiving a child with thalassemia. In the case of asymptomatic carriers’ couples taking the
decision to have children, the following options are available: first, to be aware of the risks and facing the possibility to
have a child affected by thalassemia; second, to avoid the biological conception of children; third, to take the decision to
conceive own children, while opting for prenatal diagnosis to understand the genetic constitution of the fetus.
Currently, in the Basilicata region (Southern Italy), an extensive program of health education has been deployed, for both
the health professionals and for the general public, aiming at providing the necessary information about the geographical
risk, clinical course, modes of transmission and screening methods available of Thalassemia. The carrier screening in this
case is of primary importance, and the identification of carriers’ couples allows providing correct information for family
planning to at-risk couples. The analysis of mutations of both carrier partners allows, through prenatal molecular
diagnosis, to understand the genetic features of the fetus.
This paper has highlighted that the biochemical diagnosis alone, in some cases, is not sufficiently reliable to highlight the
carriers of thalassemia trait.
The molecular analysis of the globin genes provides the most effective way to detect with certainty carriers of thalassemia
trait. The detected mutations in this work can be identified with a simple and inexpensive kit. This means, in economic
terms, a significant savings for health spending.
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