
Haematologica 1998; 83:99-103 original paper

ABSTRACT
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Background and Objective. a-thalassemia is very
common on all thalassemic geographical regions.
The present work aimed at analyzing the relation-
ship between the degree of microcytosis and
hematological parameters and the type of a-tha-
lassemic mutation.

Design and Methods. Five hundred and thirty-six
subjects with 4 kinds of a-thalassemia were exam-
ined using established techniques that determined
all hematological parameters, and globin synthesis
and molecular biological techniques to study the
DNA of globin genes by Southern blotting.

Results. Adult carriers of a+-thalassemia (–a/aa)
present very few hematological alterations. In a
statistical comparison with normal individuals
(aa/aa), significant differences were found
between the hemocytometric data and the MCV
and MCH of heterozygous a+ thalassemia and the
heterozygous a° or homozygous a+ genotype. Hb H
disease was detected in 15 patients, presenting a
severe degree of anemia, a significant increase in
RDW and globin chain synthesis with an a/b ratio
of 0.5±0.1. 

Interpretation and Conclusions. These data pro-
vide reference values for geographical areas where
a+ thalassemia is common. These hematocytomet-
ric data, together with hemoglobin analysis, could
be useful as a future reference data for new
patients diagnosed with a-thalassemia.
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a
-thalassemia is the most prevalent isolated
genetic disorder in the human population. Its
geographic distribution is highly variable and

the highest levels are found in populations with a
high incidence of malaria, where it can reach an
alarming level of 80%.1

The a globin gene cluster is located on the distal
portion of the short arm of chromosome 16 in
band 13.3 and is comprised of 2 functional a
genes, a z gene, 3 pseudogenes  (Ca1, Ca2, Cz1)
and a u1 gene of undetermined function. These are
arranged in the following order: 5’- z2, Cz1, Ca2,
Ca1, a2, a1, u1 - 3’.2

Normal subjects have 4 a genes (aa/aa), 2 on
each chromosome.3 There are four kinds of a-tha-
lassemia due to deletions of the structural a-globin
genes. In one of these cases only one gene is delet-
ed (a+ thalassemia), another kind is caused by
deletion of 2 genes (–a/–a) or (––/aa), the loss of
3 genes corresponds to hemolytic anemia by Hb H
disease (––/–a), and the loss of four a genes pro-
duces Hb Bart hydrops fetalis syndrome.3

Homozygotes for a+ thalassemia (–a/–a) and
the heterozygous form of aº thalassemia produce a
moderate clinical picture with mild microcytic ane-
mia. Loss of two genes from the same chromo-
some (––/) causes the total suppression of a chain
synthesis by this chromosome and for this reason
is called a° thalassemia.2 These deletions can sup-
press from 5.2 to more than 100 Kb of DNA, and
can result in the elimination of all the genes which
comprise the a globin cluster.3,4

However, a carrier of silent a-thalassemia (het-
erozygous a+ thalassemia) usually presents slight
hematological changes in adult hemoglobin (Hb),
mean corpuscular volume (MCV) and mean cor-
puscular hemoglobin (MCH) in the lower range of
normality.5

These phenotypes can be demonstrated by in
vitro synthesis of globin chains in the reticulocytes
which reveals a decrease in a chain synthesis.
However, there is a great deal of overlapping of the
data which corresponds to the different genotypes.
More accurate results are obtained using DNA
analysis.5,6

In this work we present the phenotypic study of
536 patients in which the hemocytometric parame-

 



ters, hemoglobin study, reticulocytes and Hb H
inclusion bodies are defined and analyzed from a
perspective of genotype analysis of the a genes
using molecular biology techniques.

Materials and Methods
Five hundred and thirty-six subjects with either

microcytosis with a MCV < 80 fL in adults or < 75
fL in children or direct family members of these
patients presenting a normal MCV were studied
within a screening program for microcytosis. All of
these had a normal serum iron level, transferrin,
transferrin saturation index, serum ferritin concen-
tration and a Hb A2 lower than 3.5%, ruling out
iron deficiency anemia or heterozygous b-tha-
lassemia, respectively.

Hemoglobin electrophoresis was carried out
using the conventional technique in alkaline medi-
um except in patients with Hb H in which it was
done in neutral buffer at pH=7 for half an hour.

The conventional hematological study was car-
ried out in an STKS Coulter (Coulter Electronics
Inc., Hialeah, Florida, USA). In all patients, reticu-
locytes (Symex R-2000) and hemoglobin H inclu-
sion bodies (brilliant blue staining) were simultane-
ously determined. Also, in 120 patients in vitro glo-
bin chain synthesis was determined in reticulocytes
by Clegg’s method.7

A molecular biology analysis was carried out in
all 536 patients. DNA extracted from peripheral
leucocytes with phenol chloroform (according to
the method described by Old8) was digested with
Bam HI and Bgl II restriction enzymes and
hybridized with a (1.5 kb Pst) and z (1.8 kb Sac I)
probes, respectively.9 The fragments obtained were
visualized by autoradiography. In some cases where
the fragments were normal with the previously
mentioned enzymes, these were studied with
enzymes Nco I and Hph I and hybridized with an a
probe.10,11

Hematological data and the age and sex of all
subjects were recorded (n=536). The age of sub-
jects ranged from 2 to 81 years.

The sample was divided into 3 different groups
for the statistical analysis: 1) male and female chil-
dren from 2 to 16 years; 2) females ≥ 16; 3) males
≥ 16.

Statistical analysis
Data was analyzed using statistical packages. For

each parameter studied the mean (X), standard
deviation (SD), maximum value, minimum value,
range, coefficient of variation (VC) and mean stan-
dard deviation (MSD) were calculated.

The distribution of each variable was studied and
in the case of non-Gaussian distributions, such as
the reticulocytes, non-parametric tests were used
(Mann-Whitney) for subsequent comparative
analyses. When more than two groups of paramet-

ric variables were compared, analysis of variance
was used followed by Newman-Keul’s test.
Frequency distribution was analyzed by using the
Kolmogorov-Smirnov method.

Results
On the basis of the results of the molecular bio-

logical genotype analysis each individual was allo-
cated to one of two groups: either a control group
or subjects without a-thalassemia or a thalassemic
group which was divided into the four following
subgroups: 
1. subjects who had lost one a gene. This group

was comprised of 315 individuals with the a3.7

haplotype (154 men, 133 women and 28 chil-
dren), 5 with the a4.2 haplotype (4 men, 1
women) and 15 with the non-deletion carrier
state a-thalassemia (8 men and 7 women);

2. 114 subjects who had lost 2 a genes from dif-
ferent chromosomes; 112 with –a3.7/–a3.7 dele-
tions (42 men, 55 women and 15 children), one
child was double heterozygote for the –a3.7/–a4.2

mutation and one child was homozygote for the
mutation of the initiation codon of the a1 gene
(aaNco/aaNco);

3. 72 patients who had lost 2 a genes from the
same chromosome (heterozygous a° tha-
lassemia, ––/) in 34 men, 30 women and 8 chil-
dren;

4. 15 patients with Hb H disease (––/–a) com-
prised  of 5 men, 4 women and 6 children. 

Hemocytometric data of the controls (men,
women and children), together with data of the 4
thalassemic subtypes, are recorded in Table 1. 

When analyzed according to their status (male,
female or child), no statistically significant differ-
ences were found for any hematological parameter
in each thalassemic group, except for a low level of
Hb and PCV in the female and children groups.  

A molecular biology analysis of the genotype
revealed significant differences for the Hb study
(p<0.001) between all the groups except between
(aa/aa) and (–a/aa) (p>0.05); and between
(–a/–a) and (––/aa) (p>0.05). Similarly, significant
differences were found for the MCV and MCH
studies (p<0.001) between all the groups except
the (––/aa) and (––/–a) genotypes (p>0.05). 

When analyzed according to thalassemic group,
significant differences were found for reticulocyte
count by using the Mann-Whitney test, between the
cases with Hb H disease and the rest of the tha-
lassemic-group (p<0.01); but no significant differ-
ences were found for reticulocyte count between
(–a/–a) and (––/aa) (p>0.05), (–a/aa) and
(–a/–a) (p>0.05). Similarly, significant differences
were found for RDW by Mann-Whitney test, for Hb
H disease and the rest of the thalassemic groups
(p<0.001). 

100 A. Villegas et al.

 



Discussion
a-thalassemia was previously considered to be a

rare disorder in Spain but with the introduction of
more reliable diagnostic techniques we find that
this is not the case. A study carried out in the
Madrid region using direct analysis of the a and z
genes in 760 blood samples from neonate umbili-
cal cords revealed an incidence of 0.0184 of a-tha-
lassemia, 0.005 of a triplications (aaa) and a zero
incidence of z triplications, although isolated cases
with this latter mutation have been described in our
country.4,12 In this study, 85% of mutations corre-
spond to the –a3.7/aa, 2 –a4.2/aa. Two newborns
presented heterozygotic a° thalassemia ––/aa. We
did not find any case of homozygous a° tha-
lassemia or Hb Bart’s hydrops fetalis, a disease
which has not yet been described in our country.4

In a screening program for microcytosis proposed
by the Spanish Group of Erythropatology, we studied a
total of 536 subjects with a-thalassemia from 1992
to 1996 included. Results show that the most preva-
lent form of a-thalassemia is due to the loss of 3.7
kb of DNA which affects an a gene and produces a
single functional hybrid gene comprised of the 5’
end of the a2 gene bound to the 3’ end of the a1
gene. This was the most prevalent mutation type in
the aforementioned epidemiological study and is
also the most commonly found deletion in studies of
the world population including the countries of the

Mediterranean basin.13-18 This deletion is observed
both in the heterozygote and homozygote form.

The adult heterozygous carrier of a+ thalassemia
(–a/aa) presents few hematological alterations.
However, it can produce a significantly lower MCV
and MCH in children than in normal controls of
the same age.

Due to synthesis of globin chains in the reticulo-
cytes, a decrease in the a chains can be detected in
subjects with a lost a gene, but this value cannot
distinguish between these individuals and normal
controls. However, this technique could be very
valuable to differentiate between microcytosis pro-
duced by a-thalassemia from that caused by silent
b-thalassemia.19 In subjects who were heterozygote
for silent b-thalassemia, this coefficient is always
greater than 1 whereas in subjects with a-tha-
lassemia it is always lower than 1. The a/b ratio is
closely correlated with the number of deleted genes,
with decreases in this ratio corresponding to an
increased number of a genes deleted (Table 1,
Figure 1).

Significant differences exist between the hemocy-
tometric data and the MCV and MCH of heterozy-
gote a+ thalassemic subjects and patients with dele-
tion of 2 a genes. However, the homozygotic con-
dition for a+ thalassemia and the heterozygotic
condition for a° thalassemia prove to be similar
with overlapping Hb, PCV and globin chain synthe-
sis values. However, there is a significant difference
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Table 1. Hematological data.

Sex aa/aa –a/aa –a/–a ––/aa ––/–a

Male 5.19±0.31 5.55±0.46 5.74±0.48 6.48±0.46 5.51±0.67
RBC (x1012/L) Female 4.49±0.37 5.09±0.48 5.43±0.41 5.83±0.42 5.17±0.73

Children 4.75±0.33 5.21±0.43 5.98±0.37 5.88±0.20 5.81±0.50

Male 154±12.8 143±14.2 135±13.7 133±12.7 110±12.8
Hb (g/L) Female 135±8.3 129±12.0 128±10.2 124±6.4 95±8.1

Children 138±7.7 135±12.7 131±8.3 124±10.2 101±9.0

Male 0.439±0.04 0.422±0.04 0.406±0.04 0.403±0.04 0.329±0.02
PCV (L/L) Female 0.394±0.03 0.384±0.03 0.382±0.06 0.384±0.02 0.255±0.07

Children 0.405±0.08 0.403±0.02 0.402±0.02 0.372±0.04 0.331±0.03

Male 86.3±5.1 76.0±5.0 70.2±3.77 68.2±3.9 61.3±7.1
MCV (fL) Female 87.7±6.0 75.9±5.68 69.2±2.47 65.9±3.09 61.1±1.38

Children 84.3±4.31 74.2±4.42 67.7±1.90 63.9±4.4 61.7±5.40

Male 29.4±1.95 26.1±2.78 23.3±1.49 21.3±1.08 19.6±2.5
MCH (pg) Female 30.5±2.1 25.8±2.62 23.9±8.28 21.5±1.68 18.5±1.0

Children 29.1±2.35 26.7±2.70 22.2±0.20 22.18±1.5 19.5±1.2

Male 1.5±0.3 1.8±0.7 1.2±1.1 1.6±1.6 4.70±4.3
Reticulocytes (%) Female 1.6±0.4 1.5±1.01 1.9±1.2 1.2±0.4 5.0±4.1

Children 1.4±0.2 1.5±0.8 1.9±0.9 2.3±0.3 5.1±4.1

a/b ratio Adults 1.16±0.24 0.92±0.10 0.74±0.10 0.70±0.08 0.50±0.09
Inclusion Bodies Adults – – ± ++ +++

Male 62 166 42 34 5
No. of cases Female 48 141 55 30 4

Children 40 28 17 8 6
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in the Hb H inclusion bodies, between these
patient groups. Whereas Hb H inclusion bodies are
rarely observed in homozygotic a+ thalassemia, in
heterozygous a° thalassemia all patients present
inclusion bodies although these are usually present
in a very low number. 

The cause of a° thalassemia is variable and can
be due to molecular lesions which are characteristic
of the Hispanic ethnic group (––MA, ––CANT,
––SPAN)4,20,21,22 or others previously described in pop-
ulations all over the world such as ––SEA, ––CAL

etc.23,24 The most prevalent lesion in our medium is
a long deletion which involves more than 100 Kb of
DNA, suppressing the hypervariable regions of
3’HVR and 5’HVR which we have called deletion
––BR.21 One interesting result in our study was the
absence of subjects with the ––MED mutation,
although it has been described previously in our
country.17

Hb H disease was detected in 15 patients; they
presented a more severe degree of anemia than
other subgroups although none of the patients
needed blood transfusions. Also, a marked increase
in RDW was observed in comparison to other sub-
groups in which it  was similar to the values record-
ed in normal controls. In the globin chain synthesis
analysis the a/b ratio is 0.5±0.1, which shows a
clear and significant difference from the other a-
thalassemia groups. 

This is a multicentric study which compiles data
from several Spanish hospitals. The importance of
this study lies in the fact that all patients were stud-
ied by molecular biology techniques. These hema-
tocytometric data, together with hemoglobin analy-

sis, could be useful in the future as reference data
for new patients diagnosed with a-thalassemia.

The finding of microcytic red cells is a common
finding in clinical practice and, as recently shown in
this journal,25 only the molecular approach allows
for the precise diagnosis of a-thalassemia.
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