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summARY We report red cell indices and haemoglobin (Hb) A2 levels in Sardinian children with
heterozygous ,B°-thalassaemia and in normal controls aged 6 months to 12 years. Iron-deficient
children and those with haematological findings indicative of oL-thalassaemia were excluded. As in
adult carriers, these subjects have significantly increased mean red cell counts and significantly
reduced mean Hb levels, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH),
haematocrit, and mean corpuscular haemoglobin concentration. From 66 to 76% of the heterozygous
,B° thalassaemia children examined were anaemic. MCH and MCV were within the normal range in
2*8 % of these children. Serum ferritin levels showed no difference from those of normal controls.

Adult /3-thalassaemia heterozygotes are known to
have the following haematological characteristics:
anisopoikilocytosis, decreased osmotic fragility,
increased mean red cell count, reduced haemoglobin
(Hb), mean corpuscular volume (MVC), and mean
haemoglobin concentration (MCH), increased Hb A2
levels, and a slight inconstant increase of Hb F.' 2

Slight differences in these manifestations have been
found between different racial groups, depending on
genetic heterogeneity and environmental influences.
1 3-7

However, the haematological characteristics of
f3-thalassaemia trait have not been studied extensively
in children. Detailed information on this point is
needed, firstly, to establish the criteria for suspecting
fl-thalassaemia trait from red cell indices analysis at
this age and, secondly, to determine the range of
variability of these characteristics. In particular,
knowledge of this range would make it easier to
detect a superimposed anaemia in a child with
/3-thalassaemia trait. The Sardinian population offers
a unique opportunity to carry out this study, since
there is a high P-thalassaemia carrier rate (12-9 %),
and fl-thalassaemia is almost exclusively of the /o
type.7 8
We present the results of a survey of red cell

indices and Hb A2 determination in Sardinian
children with /3-thalassaemia trait.
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Subjects

One hundred and forty P-thalassaemia heterozygous
children aged 6 months to 12 years (85 boys and 55
girls), and 126 normal controls of the same age
(71 boys and 55 girls), were studied. The subjects
were divided into the following age groups according
to Dallmann:9 0 5-2, 2-6, and 6-12 years (Table 1).

CRITERIA OF DIAGNOSIS
Diagnosis of /3-thalassaemia trait was based on
increased Hb A2 levels (> 4%) associated with
microcytosis and normal serum iron. Children who
might have iron deficiency according to the following
criteria-percent transferrin saturation (calculated
from the ratio serum iron/total iron binding capacity)
lower than 10,9 and/or serum ferritin below 10 ,ug/l,10
were excluded. Since there is a high incidence of
oc-thalassaemia (about 12% of newborns with Hb
Bart's levels > 1 %) in our population (unpublished
results), children with normal Hb A2 levels, normal
serum iron, and MCV lower than normal for age
(70 fl for 0-5-2, 74 fl for 2-6, and 76 fl for 6-12 years)9
were excluded.

Methods

Venous blood was drawn in all subjects between
0800 and 1000 after an overnight fast and collected
in part in EDTA and in part in an iron-free tube.
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Table 1 Red cell indices andHb A2 levels in heterozygous fiO-thalassaemia (HBT) children (mean ± 1 SD and range)
Age (yr) Subject No. RBC Hb MCV Hct MCH MCHC Hb A, Transferrin

(x 1012/l) (gldl) () % (pg) (gldl) saturation
0/

Normal 20 4-8±0-4 12-7±0-9 75-6±4-0 36-0±2-4 26-4±2-3 35-1±1-7 2 5±0:3 23-1±6-3
4 35-5 80 11-20-14-20 70-0-83-0 31-7-40-8 21-9-29-8 31-10-38-0 1-9-3-0 12-3-31-105-2 HBT 27 56±0-5 10-7±0-8 59-9±3-1 32-7±2-9 19-1±1-7 32-6±3-4 51±05 22-1±8-3
4-5-6-3 90-12-5 55 0-660 24-0-37-7 15-7-26-0 28-2-47-3 4-1-6-0 12-0-36-7

Normal 56 4-7±0-4 12-4±0-7 78-1±2-9 36-6±2-1 26-3±1-6 34-0±1-6 25±0-3 254±89
3 9-5 8 10-8-13-8 74 0-85 0 31-6-42-6 23-0-30-0 30-0-36-9 1-5-3-0 12-3-47-6

2-6 HBT 50 5-6±0-4 10-7±1-0 61-2±3-5 33-7±2-6 19-0±1-6 31-7±2-3 5 3±0t6 28-0±8-9
4-7-6-5 8-9-13-6 55-0-74-0 28-1-41-1 14-4-22-8 26-2-38-6 4-1-6-9 11-2-40-4

Normal 50 4-8±0-4 13-1±0-8 79-8±2-5 38 3±2:5 27-1±1-7 34-2+1-5 2-6±0-2 29-0±10-1
6-12 3-5-5-4 11-2-15-8 76-0-86-0 29-8-43-0 23-4-30-6 31-0-37-7 2-2-3-0 13-5-52-2

6-12 HBT 63 57±04 11-04±1-0 61-6±4-6 34-3±2-6 19-3±1-9 32-1±1-4 5-2±0-6 27-2±7-8
4-7-6-5 8-8-13-6 56-0-79-0 27-0-40-9 16-0-26-2 29-0-35-1 4-1-6-6 12-5-46-4

Red blood cell count, MCV, and haematocrit were
determined on a Coulter model ZBI, daily standard-
ised with commercial standard 4C. Haemoglobin
levels were determined on a Coulter haemoglobino-
meter. Serum iron and total iron-binding capacity
were measured by Lauber's method." Serum ferritin
was determined by a commercially available RIA-kit
(Ramco Laboratories Inc, Houston, Texas, USA).
Hb A2 was quantitated by DE-52 microchromato-
graphy according to Huisman et al.12

Results

Since there were no differences between males and
females the results obtained were not divided
according to sex.
As can be seen in Table 1, heterozygous f-thalas-

saemia children in all age groups considered have
significantly increased mean red cell counts (P <
0-001) and significantly reduced Hb levels (P < 0-001),
MCV (P < 0-001), MCH (P < 0 001), haematocrit
(P < 0-001), and mean corpuscular haemoglobin
concentration (P < 0-001). There were no differences
in reticulocyte counts. These differences between
fl-thalassaemia heterozygous children and controls
may be superimposed on those already found in our
adult groups.7 Taking 2 standard deviations below
the normal haemoglobin mean as the normal lower
limit, 66-76% of the heterozygous fl-thalassaemia
children examined were considered to be anaemic
(Table 2).

Defining microcytosis as MCV less than 2 SD
below normal mean values (67-6 fl for 0-5-2, 72-3 fl
for 2-6, and 74-8 fl for 6-12 years), 2-8% of ,B-thalas-
saemia heterozygotes had normal values.
Using similar criteria for MCH (21-9 pg for 0-5-2,

23-1 pg for 2-6, and 23-7 pg for 6-12 years), 2-8% of
P-thalassaemia heterozygotes also had normal values.
The median value of serum ferritin concentration

for 30 ,B-thalassaemia children was 31-5 ng/l (95%
range 10-100 ng/l) and was not different from that of

Table 2 Percentage ofheterozygous fiO-thalassaemia
children with anaemia*

Age (yr) Hb (g/df)* Y. Anaemic

0-5- 2 10-9 66-7
2 - 6 11-0 66-0
6 -12 11-5 76-2

*Hb (g/dl) < mean minus 2 SD.

normal controls (30-6 ng/l, 95% range 9-101 ng/l, in
28 subjects).

Discussion

In this study the haematological characteristics of
heterozygous fl-thalassaemia in children aged 6
months to 12 years were found to be similar to those
already seen in adults. However, considering normal
mean Hb levels minus 2 SD as the lower normal limit
in children as in adults, f-thalassaemia heterozygous
children showed a higher incidence of anaemia
(66-76%) than heterozygous adults (about 40%) of
the same population. The likely explanation of this
finding may be a minor compensation of the
fl-chain synthesis defects in heterozygous ,B-thalas-
saemia children with anaemia. This may depend on
a relatively minor erythroid hyperplasia and/or a
lower ,B-chain output from the normal fl-chain gene.
Both the MCV and MCH were normal, ie, higher
than mean minus 2 SD, in 2-8% of fl-thalassaemia
heterozygous children. Therefore, in children as
in adults,7 the use of MCV or MCH for fl-thalas-
saemia screening will give some false negatives.
The results of this study have practical implications

in the identification of fl-thalassaemia trait and in
the diagnosis of hypochromic microcytic anaemia in
children.

Information on the haematological indices ranges
of heterozygous ,B-thalassaemia children is particu-
larly useful in the identification of superimposed
anaemia in these subjects. However, it should be
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pointed out that since there are some variations in
haematological indices of adult heterozygous fl-thal-
assaemia in different racial groups,3-7 the range of
variability in children must be assessed in the various
populations.
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