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SUMMARY A total of 15 patients from different families with thalassaemia intermedia was
studied. Haematological studies showed that the fetal haemoglobin was only slightly raised, being
between 2 and 11 5% of the total haemoglobin. Haemoglobin A2 was high in all cases. The family
study indicated that homozygosity or compound heterozygosity for ,B thalassaemia was present in
five patients, while dominant inheritance was observed in three. In seven patients family studies
were not sufficient to predict the genotype. Haematological findings in the parents of the
homozygous patients were as severe as those seen in common Hb A2 13 thalassaemia traits. The
decrease in MCH and MCV was more severe and the Hb A2 higher in homozygous patients than
in cases of common a thalassaemia major (p<OO1, p<O-O1, and p<O-001 respectively). The
imbalance in in vitro globin synthesis was more severe in classical thalassaemia major than in
homozygous patients in this study (p<O0O1). However, the imbalance in a/non-a synthetic ratios
showed variation among the homozygous and heterozygous patients in this study (2.1 to 4.0).
Haematological severity and Hb F value showed some slight variation among affected ersons of
the same family in the case of patients with severe thalassaemia heterozygosity. The Y/Ay ratio
of haemoglobin F was found to be close to that of the adult level. Haematological studies
suggested that clinical and haematological findings were more severe in patients with
homozygous thalassaemia than in patients with heterozygosity for 13 thalassaemia. The
prevalence of thalassaemia intermedia with low Hb F and increased Hb A2 was found to account
for 3% of the Turkish thalassaemic patients diagnosed before the age of 8 years.

A few patients with 13 thalassaemia intermedia or 13
thalassaemia major with unusually low fetal
haemoglobin (Hb F) together with raised haemoglo-
bin A2 (Hb A2) have been reported from several
countries. 1-3 Heterozygosity for a severe 13 thalas-
saemia determinant has been shown in some of the
cases.4 5
Homozygosity for Hb A2 13 thalassaemia or

compound heterozygosity for Hb A2 13 thalas-
saemia and mild ,13 thalassaemia (A2 normal 13
thalassaemia or A2 normal silent ,13 thalassaemia)
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determinants have been shown in some of these
patients. 1-6
We reviewed clinical and haematological findings

of 180 patients with 13 thalassaemia major or 13
thalassaemia intermedia of different families. Fif-
teen of the 180 patients were found to have only
slightly raised Hb F (<11-5%) and Hb A2. Detailed
haematological studies, including in vitro Hb synth-
esis and determination of the ratio of the chain
which contains glycine at the 136th position ( y) and
the one with an alanine residue at the same position
(AY), were performed on patients and their family
members to evaluate: (a) the prevalence of this type
of 13 thalassaemia among thalassaemic patients; (b)
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the mode of inheritance of the 13 thalassaemia-like
condition; and (c) the haematological differences
between these patients and those with 13 thalas-
saemia major, and the differences between standard
Hb A2 13 thalassaemia heterozygotes and the parents
of the patients of this study.

Patients

In the Haematology Units of Hacettepe University
Hospital, during the period 1976 to 1982, 180
patients from different families aged between 4
months and 40 years were diagnosed as having 13
thalassaemia major (160 patients) or 13 thalassaemia
intermedia (25 patients). All the 160 patients with 13
thalassaemia major and 13 of the 25 patients with 1
thalassaemia intermedia were under the age of 8
years when the diagnosis was made. Fifteen of them
from unrelated families were found to have raised
Hb A2 and only slightly raised Hb F, which was less
than 11*5% of the total haemoglobin in all cases.
These 15 patients and their families are the subjects
of this study. The clinical severity of the disease was
recorded as (a) severe, (b) mild to severe, and (c)
mild, according to the following parameters:

(1) Hb level <7 g/dl.
(2) The degree of abnormality in the red cell

morphology (the designation + + + + indicates se-
vere changes).

(3) The presence of nucleated red blood cells in
the peripheral smear.

(4) A blood transfusion needed before the age of
10 years.

(5) Splenomegaly of <5 cm below the costal
margin.

Patients with four of the above parameters were
classified as severe cases, with three parameters as
mild to severe, and as mild if less than three of the
above parameters were present (table 1).

Methods

Routine haematological studies including red cell
fragility tests were performed by standard methods.
Serum iron, serum total iron binding capacity, and
serum bilirubin levels were determined in all cases.7
Starch gel electrophoresis was performed at pH 9-0.
Hb A2 was quantified by microcolumn chromato-
graphy and Hb F was measured by Betke's alkali
denaturation method.8 9

Distribution of Hb F among the red cells was
examined by the Kleihauer technique.' The GyA
ratio of the Hb F was determined by high pressure
liquid chromatography (HPLC) in some and by acid
urea triton X-100 acrylamid gel electrophoresis
(AUTAGE) in all of the subjects. " 12 Since 6 chains
move with Gy in the latter system, Hb A2 was
removed from the haemolysate by column chroma-
tography before application of the sample to the gel
in order to determine the Gy:Ay ratio. In vitro
haemoglobin synthesis analyses were performed by
previously published methods.'3

Results

The patients were divided into three groups accord-
ing to the mode of genetic inheritance of the disease.
Group A. This group comprised six patients from

five different families with homozygous 3 thalas-
saemia or compound heterozygosity for two diffe-
rent 1 thalassaemia determinants.
Group B. This group comprised three patients

from three different families with severe heterozy-
gous 13 thalassaemia.
Group C. This group comprised seven patients;

the family studies of these seven were not sufficient
to predict the genotype.
The clinical findings of the patients are summa-

rised in table 1. The peripheral smears of some of
the patients are shown in fig 1. The haematological

(a) (b) (c)
FIG 1 Peripheral smearfrom (a) a patient with homozygous B thalassaemia, (b) a severe heterozygote, and
(c) one ofthe patients with unidentified genetic transmission.
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data of the patients and their parents are shown in
tables 1 and 2 and figs 2, 3, 4, and 5. The serum
saturation of iron was normal or increased in all the
persons examined.
The distribution of Hb F among the red cells was

heterogeneous in all the subjects and the percentage
of red cells containing Hb F was usually two to three
times higher than the percentage Hb F value found
by alkali denaturation.

Statistical analysis of some of the haematological
values of the patients and their parents are shown in
table 3.

Discussion

The five patients from four different families in

group A are homozygous for Hb A2 + thalas-
saemia, which is indicated by the haematological
abnormalities comparable with Hb A2 a thalas-
saemia heterozygosity in both parents (fig 2a, b,
table 2).

In family Ka the haematological findings of the
father are within normal limits except for a slight
imbalance in the atnon-a ratio (table 2). This
indicates that he is most likely to be a heterozygote

TABLE 2 Haematological data of the parents and sibs of the patients.

Family Hb PCV RBC MCV MCH Hb A, HIb FAI) oinon- y c-hain

(gidl) (1/I) (101211) (fl) (pg) (c.) (%) AYI ( AYI
Y 7 Y

14-80 0(4()
118(1 (0-34

5-63 71 25 4() (09 2t1)
5-29 65 22 3-9 1 -85I _

12-39 ((39 5-09 69 24 4-3 ()6 1-81 - - -
10-80 0(35 5*t8 67 20 4-2 0-7 2-12 19 24 57

15-35 (0-47
12-39 0-36
12-(X) 0-36

13-50 0-43
1t18( ((32
12-39 0(39

5-4( 87 28 5-0 (09
4-30 83 28 4-7 ().9
4-8( 86 25 3-3 1 (

5-77 8() 23 2-0 (-7
4-79 68 21 5.7 (07
5-80 72 21 3-7 (07

1 95
13(0

1 35
2_ I()

- 3(0 7(1

35 65

Bi
Father 13-(X) 0-42 6(K) 72 22 3-9 1-6 138
Mother 9-50 0-31 4-28 78 23 400(8 1I38

0(38 5-6( 72 2(0 3-6 (07 18()
0-38 4-3( 86 33 2(1 (0-7 1 (H)
(0-43 4-(1 ((6

((31 4-98 7(0 21 4-(1 1-( 2-5(

15-55 ((.47
11*25 ((.35
1151 (0-34

5.32 88 29 2-5 ((6 1-1()
6-28 73 t8 5-2 2-6 23(1
638 71 16 56 2-6 23(1

155 85

4(0 6(0

0-41 4-66 89 24 24 ((9 I1I()

- 33-0 ()-5
11t9 (-35 5-)7 79 23 411) ()5

1151) (-34 598 69 19 4-6 3-0
- - - - - 3.() (0.5

8-15 0-29 3-98 66 2(0 7-( 5-()

12 79 (1-39 4-6( 88 27 3-5 () 5

- - - - - .3-7 2()
_ _- - 3*8 5
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Group A
Oz

Father
Mother

De
Father
Mother

Le
Father
Mother
Sib

Ka
Father
Mother
Sib

12-6(
12-63
14 23
10 1()

11-1()

Group B
Us
Mother
Wife
Brother
Daughter

Ce
Father
Mother
Sib

Ay
Daughter

Group C
El

1.1
1.2

Ak
1.1
1.2

Og
1.1
1.2

Ka
111.2
111.3
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FIG 2 Pedigree ofthe patients. (a) Group B heterozygotes. (b, c) Group C patients with insufficient family study.
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for Hb A2 normal type 1 13+ thalassaemia. Thus the
proband (Se Ka) is a compound heterozygote for Hb
A2 i thalassaemia and silent [3' thalassaemia.
The presence of increased a chain production

rather than a chain deficiency was suggested in
persons with 'silent' f thalassaemia and, later, the
presence of three a globin genes instead of two on
one of the homologous chromosomes 16 was de-
scribed by Higgs et al.14 Some of the subjects with
type 1 I thalassaemia from Greece and Turkey did
not show any abnormalities in the a, P, or y gene
regions of the haemoglobin, indicating that the
presence of an increased number of a chain genes is
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FIG 5 a/non-a ratio of in vitro globin synthesis obtained
from peripheral reticulocytes and normoblasts.

not common in cases with a silent thalassaemia-
like picture.15 In vitro haemoglobin synthesis analy-
sis did not suggest the coexistence of a thalassaemia
in the heterozygotes of group A (table 1). This is in
agreement with the fact that a thalassaemia is not
common in Turkey and thalassaemia intermedia
resulting from the coexistence of a thalassaemia
with homozygous thalassaemia is likely to be
relatively uncommon.

Statistical analysis of group A indicated that the
mean value of Hb A2 was higher, and the imbalance
in a/non-a ratio more severe, in classical thalas-
saemia traits than in those obtained from the parents
of this study (table 3). However, when the father of
Ka family with normal Hb A2 silent thalassaemia
was excluded from the calculations the differences
became insignificant. This indicates that if there is a
difference between the a thalassaemia determi-
nants, this is not reflected in the haematological para-
meters of the heterozygotes.
The decrease in MCV and MCH values was

more severe and Hb A2 values were higher in our
patients in group A than in those patients with
classical thalassaemia major (table 3, fig 4). These
changes may be related to the presence of fewer
cells of fetal origin. Similar observations have been
made by Tamagnini et al. 16 In group B (families Us,

Ay, and ce), dominant inheritance of f3 thalas-
saemia determinant (severe ,B thalassaemia heter-
ozygosity) was observed (fig 2a, table 2).

Clinical and haematological expression of the
disease was more severe in the proband in the Us
family than in the mother (1.2), the brother (11.3),
and his offspring (fig 2a, table 2). In the Ce family,
the Hb F value was higher in I. 1 and 11.2 than in the
mother (fig 2a). Splenomegaly was absent in the
affected family members other than the probands of
these two families. Diversity in clinical expression
and Hb F level between the generations has been
previously reported in cases with severe heterozy-
gosity for 13 thalassaemia.

In the Ay family the possibility of the proband
being homozygous for 13 thalassaemia is excluded by
the absence of any thalassaemic features in the
offspring (fig 2a, table 2).

Increased a chain synthesis was shown in some of
the patients with similar conditions. However,
according to Weatherall et al, l the presence of
hypochromia in affected subjects of group B of this
study may exclude this possibility.
The presence of a heterocellular HPFH-like

determinant in cis or in trans of the 13 thalassaemia
determinant was excluded because Hb F values have
been reported to be higher in those with compound
heterozygosity for 13 thalassaemia and HPFH than
the value obtained from our patients. Secondly,
imbalance in in vitro haemoglobin synthesis is
expected to be milder in compound heterozygotes
for 13 thalassaemia and heterocellular HPFH than
was the case with our patients. 17

In group C, family studies were not sufficient to
predict the genotype of seven patients. In the El
family (fig 2b, table 2) haematological studies
indicated that the mother was the carrier for typical
Hb A2 13 thalassaemia. Haematological study of the
father excluded the possibility of his being a carrier
of classical Hb A2 13 thalassaemia.
The presence of many persons with splenomegaly

in the Av family, and members with the haematolo-
gical findings similar to those of the patients in the
Kr, Ak, and Og families, may suggest the presence
of severe heterozygous 13 thalassaemia in these
families.
Haematological and clinical findings seem to be

more severe in patients with homozygosity for a 13
thalassaemia determinant than in those with hetero-
zygosity for a severe 13 thalassaemia determinant
(table 3, figs 3 and 5).
The possibility of the presence of a silent 13 chain

mutant like Hb Knossos was excluded by the
absence of an abnormal 13 chain in AUTAGE in all
patients. 18
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The mild 13+ thalassaemia determinant of the
patients in group A is different from that of the
African type f3+ thalassaemia.'9 This is indicated by
the presence of a severe thalassaemic picture
together with very low Hb F levels observed in our
patients.

Statistical analysis has shown that the mean
imbalance in chain synthesis was found to be
significantly higher in patients with 13 thalassaemia
major than homozygous patients observed in this
study. However, in some of the patients, the
imbalance in chain synthesis was as severe as in
those with 1 thalassaemia major (table 1). The cause
of the variation in severity of the imbalance in the
a/non-a ratio among the patients needs to be
explained and the question of the absence of
reactivation of the a chain, even in the presence of
severe imbalance in the a/non-a synthetic ratio,
remains to be solved.
The Gy/Ay ratio of Hb F was found to be at the

adult level in eight out of the 11 patients. This
finding suggests that the fetal type of reactivation of
y chain synthesis, which is usually observed in 1
thalassaemia, is absent in our patients.
The coexistence of a y thalassaemia might be

possible. Examination of the patients with this
genotype during the newborn period and cloning
and mapping studies of the y and 13 regions would
help to verify this hypothesis.
The frequency of AyT was calculated as 70% in the

patients and the heterozygotes; this is the expected
figure for those with 1 thalassaemia from the
Mediterranean basin.2

Recent studies have shown that a thalassaemia
with low Hb F levels has a common haplotype and a
single base mutation position 6 of the first interven-
ing sequence of the 13 genes.'6 21 The similarities of
the clinical and haematological findings, including
increased MCH, in our heterozygotes and those
with the Portuguese type of 13+ thalassaemia indicate
that our patients in group A may have a similar
molecular abnormality and that this type of thalas-
saemia intermedia is probably not confined to
Portugal but exists in other Mediterranean coun-
tries, as suggested by Traenges et al.22
Mapping and cloning studies may also be valuable

in the differentiation of patients with 1 thalassaemia
intermedia with various genetic inheritances.
The total number of patients with 1 thalassaemia

intermedia characterised by slightly increased Hb F
and raised Hb A2 appears quite high owing to the
selective survival of this type of patient over patients
with 13 thalassaemia major. The prevalence of this
type of 13 thalassaemia intermedia is around 3%
when only those patients with 13 thalassaemia major
and 13 thalassaemia intermedia who were diagnosed

before the age of 8 years are taken into
consideration.

We are grateful to Professor T H J Huisman of the
Medical College, Augusta, Georgia, USA for per-
forming the y chain analysis by HPLC. This study
was supported by the prenatal unit of the Turkish
Scientific and Technical Research Council (TUBI-
TAK).
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