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Summary 

We have studied the hematology and hemoglobin patterns of 
normal and heterozygous j3 thalassemia infants in serial samples 
obtained during the first year of life. The hemoglobin level, mean 
cell volume and mean cell hemoglobin were significantly lower in 
the j3 thalassemia traits by the age of 3 months and this difference 
was maintained throughout the first year. Hb A2 levels were 
significantly higher in the j3 thalassemia group but increased in 
both groups throughout the first year. Hb F levels were also higher 
in heterozygotes for j3 thalassemia at all ages, showing a delay in 
the postnatal decline. 

Speculation 

pregnant women who were heterozygotes for P thalassemia. Those 
women whose husbands were shown not to carry the j3 thalassemia 
gene were approached at delivery for permission to carry out 
blood sampling of their offspring at 3 monthly intervals after 
birth. In this way data on heterozygous P thalassemia children 
and an equal number of normal children could be obtained in an 
unbiased manner. 

The majority of these women were of Cypriot origin. In addition 
one patient each of Italian, Indian, Chinese and West Indian 
origin were included in the study. 

Sampling. Cord blood and follow-up samples at 3 and 6 months 
were obtained from 22 infants, who subsequently were shown by 
their Hb A2 levels to break down into 13 P thalassemia heterozy- 
gotes and 9 normals. Because some cases declined to complete the 

The low mean eel1 hemoglobin, elevated Hb F level and in- S'ud~,  numbers in each group were reduced to i2 and 
creased susceptibility to oxidant damage which characterise the at and and at l 2  
red cells of heterozygous j3 thalassemia infants may combine to were as as possible 39 and 
protect these infants against P. falciparum malaria. 12 months after birth; the majority of samples falling within 2 wk 

of the exact date, exept in a few exceptional cases which were 
within 4 wk. 

Heterozygous /3 thalassemia is usually characterised in adults Hematologic studies and hemoglobin analysis. A 2 ml VenePunc- 
by hypochromic, microcytic red cells, an increased proportion of ture, or occasionally a heel prick sample, was taken into EDTA. 
Hb A2 and normal or slightly elevated amounts of Hb F (azyz), as Hematologic Parameters were n~easured on a Coulter k c -  
a result of the deficit in P chain production (30). This deficit is tronic cell counter. Hemoglobin analysis was carried Out by starch 
also expressed in fetal life (allowing antenatal diagnosis of the gel electrophoresis in a tris-EDTA-borate buffer pH 8.6 (30). Hb 
disease); however, the proportion of p chain synthesis is so low it A2 was quantitated after electrophoresis and elution from cellulose 
has little effect on the red cells, and these characteristic changes acetate mxnbranes (30) while Hb F was measured by an alkali 
only become apparent when Hb A (a&) production replaces Hb denaturation technique (25). 
F in the postnatal period. The changes in the hematologic param- 
eters and hemoglobin pattern during the first year of life in ,B RESULTS 
thalassemia heterozygotes have not been well characterised. Fur- 
ther examination of these patterns may be important for several The mean, S.D. and range of values obtained for the hemoglo- 
reasons. First, it is not yet clear at which age the diagnosis of P bin level, MCV, MCH, Hb F and Hb A2 levels in the two groups 
thalassemia trait can be established for certain. Furthermore, it are shown in Tables 1 and 2 for the various time points examined 
may be important to be able to distinguish between P thalassemia and these changes are illustrated in Figures 1-3. In addition, the 
trait and the milder forms of thalassemia intermedia during the absolute amounts of Hb F (in d d l )  were calculated from the 
first year of life. In addition, there is some evidence that the switch hemoglobin level and the % Hb F and the mean amount of Hb F/ 
from Hb F to Hb A production may be delayed in P thalassemia cell (ignoring the intercellular distribution) was calculated from 
heterozygotes (2, 4). It has been suggested that increased Hb F the MCH and % Hb F. 
levels in early childhood may be the mechanism by which the P Hemoglobin levels. The hemoglobin levels in the P thalassemia 
thalassemia gene confers protection gainst P. falciparum malaria heteroz~gotes were consistently 1-2 g/dl lower than in the normal 
(1, 16, 23). infants throughout the first year of life, including the cord blood 

We have studied the offspring of heterozygous ,B thalassemia Samples. 
women and the hematologic changes and differences in M C V  and MCH.  At birth, there was no significant difference in 
the hemoglobin pattern between the normal and P thalassemia the mean cell v ~ h m e  (MCV) and m~ean cell hemoglobin (MCH) 
trait children during the first year of life. between the two groups of offspring but at all subsequent stages 

values were significantly lower in the ,8 thalassemia heterozygotes. 

MATERIALS AND METHODS In the normal infants, the values declined to subnormal adult 
levels until 6 months of age and then remained unchanged up to 

Patient selection. A screening programme for women attending 1 year. A similar pattern was observed in the P thalassemia 
the antenatal clinic of the North Middlesex Hospital identified heterozygotes, the level of -19 pg from 6-12 months of age being 
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Table 1. Hematologic changes and hemoglobin analysis in a group of normal children during the first year of Ife 

HbF 
Hb MCV MCH Hb Az 
g/dl fl  Pg % % g/dl pg/cell 

16.7 + 1.9 107 + 5 35.1 F 1.5 58.9 F 4.6 9.8 F 1.5 20.7 + 2.6 
Cord blood 

14.6-20.8 101 - 115 32.8-38.1 55.3-63.6 8.3-12.3 16.6-24.2 

11.5 + 1.4 79 + 4 26.7 + 1.7 2.2 + 0.3 11.9 + 5.2 1.4 + 0.6 3.2 + 1.3 
3 months 

10.0-14.0 73-85 23.8-28.3 1.7-2.6 4.5-17.9 0.5-1.8 1.24.8 

11.9 + 0.9 75 + 5 24.6 + 1.9 2.5 + 0.4 2.9 + 1.3 0.4 + 0.2 0.7 + 0.3 
6 months 

10.8 & 13.3 65-82 21.0-26.8 1.8-3.1 0.9-5.3 0.1-0.7 0.2-1.4 

12.5 + 1.0 74-3 24.7 + 0.8 2.7 + 0.6 1.9 f 1.2 0.3 + 0.2 0.5 + 0.3 
9 months 

11.0-13.8 70-77 23.8-25.5 2.1-3.2 0.7-3.4 0.1-0.5 0.2-0.8 

12.8 + 1.1 74 + 3 24.3 + 0.9 2.8 + 0.3 1.7 + 0.8 0.2 & 0.1 0.4 + 0.2 
12 months 

11.7-14.1 7 1-77 23.1-25.3 2.3-3.0 0.8-2.7 0.1-0.4 0.2-0.6 

Table 2. Hematologic changes and hemoglobin analysis in a group of ,8 thalassemia heterozygotes during the first year of lye. 

HbF 
Hb MCV MCH Hb Az 

a/dl fl pa 70 70 a/dl ~a/cell 
15.1 + 2.0 

Cord blood 105 + 6 33.8 + 1.9 
11.5-18.3 96-1 15 30.5-38.5 

10.3 + 0.5 68 + 3 22.3 + 1.3 3.6 & 0.5 23.4 + 5.9 2.4 + 0.6 5.2 + 1.4 
3 months 

9.4- 1 1 .O 62-72 19.5-24.1 2.74.6 11.5-29.5 1.1-3.0 2.4-7.0 

10.3 + 0.7 60 F 3 19.7 f 1.3 4.9 + 0.6 7.3 + 3.3 0.8 + 0.3 1.4 t 0.7 
6 months 

9.2-1 1.4 57-68 18.2-22.5 3.7-5.6 3.2-12.5 0.3-1.3 0.6-2.6 

10.6 + 0.8 
9 months 59 + 3 19.1 + 1.3 5.0 + 0.4 4.9 + 2.6 0.5 + 0.3 0.9 + 0.5 

9.3-12.3 56-67 18.3-23.2 4.3-5.4 1.1-9.9 0.1-1.0 0.2-1.9 

11.0 + 0.6 
12 months 57 + 2 18.5 + 0.6 5.3 + 0.6 3.8 + 2.8 0.4 + 0.2 0.7 + 0.4 

10.1-1 1.6 53-60 17.3-19.1 4.7-6.4 0.6-9.0 0.2-0.7 0.3-1.3 

lower than the mean level of 21.8 + 2.1 pg observed in 348 Cypriot 
adults with P thalassemia trait (Marsh et aL; in preparation). 

Hb A2 level. The Hb A2 levels increased in both groups through- 
out the first year of life but with the major part of the increase 
occuring in the first 6 months. At all ages the levels in the p 
thalassemia heterozygotes were significantly higher than in the 
normal infants, having reached or surpassed the upper limit of 
normal by 3 months. 

Hb F level. Hb F levels in the cord bloods of the two groups 
were not significantly different but since the alkali denaturation 
procedure is not very accurate at such high levels of Hb F these 
results have little significance. At all subsequent stages, the mean 
% of Hb F was significantly higher in the /3 thalassemia hetero- 
zygotes, but with some overlap in individual values between the 
two groups. When converted to g Hb F/dl or pg Hb F/cell, these 
differences, though slightly diminished, were retained. 

DISCUSSlON 

This study has demonstrated that significant differences in red 
cell indices and hemoglobin pattern can be detected in /3 thalas- 
semia heterozygotes as early as 3 months after birth. Whereas for 
each examined,-there was some overlap between the 
normal and /? thalassemia trait groups, a comparison of the MCV, 
MCH, Hb Az and Hb F levels would allow differentiation between 
the two in the great majority of cases. The design of the study, i.e., 
prospective selection and serial sampling, limited the number of 
individuals examined but avoided the problems of random sam- 
pling of infants attending hospital during the first year of life. 

The decline in Hb level and in the MCV and MCH in the 
normal group of infants was similar to that which has been 
previously documented (8, 15, 19, 27). In the P thalassemia 
heterozygotes, the values were lower but the overall pattern was 
the same as for the normal group. It is not clear why the MCV 
and MCH are lower at 6 months to 1 year of age than they are in 
adult life but this could be related to iron status or to changes in 
the pattern of erythropoiesis. 

In accord with previous studies (10, 17, 28), our results dem- 
onstrate that the major increase in Hb A2 levels occurs in the first 
6 months of life. Among the fl thalassemia heterozygotes (the 
majority of whom, being Cypriots, will have P+ thalassemia), the 
Hb A2 levels were significantly different from the normal infants 
even at 3 months of age. The differences were greater than those 
observed (28) in a cross-sectional study of Negro infants with P' 
thalassemia trait. 

Significant differences were also observed in the Hb F levels 
between the groups, the P thalassemia heterozygotes showing a 
markedly delayed decline in Hb F. Similar data have recently 
been presented in a cross-sectional study of young children in 
Greece (20). The mechanism by which this delay is brought about 
could be of importance for our understanding of the normal switch 
from Hb F to Hb A production and three possible mechanisms 
can be conisdered. First, since the y and /3 chain genes are closely 
linked members of the P-like family of globin genes, the increased 
Hb F production in f l  thalassemia heterozygotes could be a direct 
result of the fi thalassemia defect, acting at the transcriptional or 
posttranscriptional level. There is no evidence to support this 
suggestion because PC thalassemia is not due to a gross structural 
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Fig. 1. Hemoglobin level, MCV and MCH in normal (--) and 
heterozygous f i  thalassemia (-----) infants during the first year of life 
(Mean + I S.D.). 

rearrangement of the DNA (1 1) but, at least in some cases, results 
from a defect in RNA processing (14, 18). Thus a direct effect of 
the /3 thalassemia defect on y gene transcription seems most 
unlikely; nor is there any evidence to support an effect on the 
posttranscriptional regulation of y chain production. 

Second, an alteration in the kinetics of erythropoiesis in heter- 
ozygous ,8 thalassemia infants might result in increased Hb F 
production because it is known that acquired conditions associated 
with acute erythroid expansion result in increased Hb F production 
(3, 9, 22). This explanation also seems unlikely, unless either the 
effect of globin chain imbalance on red cell production is more 
severe in early life than later (see below) or the tendency toward 
elevated Hb F production with increased erythropoiesis is greater 
in young infants. Neither of these possibilities can be dismissed. 

The third alternative is that the increased levels of Hb F in P 
thalassemia infants are a result of selective survival of those cells 
containing most Hb F. This mechanism may well be responsible 
for much of the increased Hb F in P thalassemia homozygotes 
(31) since those cells with most y chain production will have the 
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A g e  i n  m o n t h s  

Fig. 2. Percentage Hb A2 in normal (--) and heterozygous f i  thal- 
assernia (-----) infants during the first year of life (Mean + 1 S.D.). 
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Fig. 3. Percentage Hb F in normal (--) and heterozygous f i thalas- 
semia (-----) infants during the first year of life (Mean & I S.D.). 

least chain imbalance. In heterozygotes, it is generally considered 
that the cell is capable of handling the degree of a chain excess 
which occurs, probably by proteolysis. On the other hand, recent 
measurements of ineffective erythropoiesis in /3 thalassemia het- 
erozygotes have pointed to a much greater degree of intramedul- 
lary red cell destruction than was previously believed to occur (7). 
Furthermore, the red cells in newborns and young infants are 
much more susceptible to oxidant damage than adult red cells 
(29). One consequence of excess globin chains is the production of 
superoxides and peroxides (6, 26). The increased susceptibility of 
red cells in young infants to damage by excess globin chains is 
also suggested by observations in newborns, heterozygous for y 
- p thalassemia, who present with a severe hemolytic anemia but 
which disappears as the child gets older. This occurs despite the 
fact that the degree of chain imbalance remains unchanged (13, 
21). Thus, in the young infant, increased Hb F production may 
well have a greater benefical effect and hence there may be a more 
pronounced selective survival of cells containing Hb F. 

With the data presented here and that recently reported (5, 12) 
on the hematologic changes in P thalassemia heterozygotes be- 
tween the ages of 1 and 18 years, we now have a fairly complete 
picture of these changes d u m g  early childhood. Probably it is 
during this period that the /3 thalassemia gene confers its protection 
against P. falciparum malaria. It has been demonstrated in vitro 
that the presence of Hb F within a red cell retards the development 
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of P. falciparum (23, 24). It is not clear how important this effect 
might be in vivo, nor what level of intracellular Hb F is necessary 
to produce such as effect. The levels of Hb F in the f i  thalassemia 
trait infants, whilst significantly higher than normals, are still less 
than 5% by 9 months of age. This may provide some increased 
protection for a larger proportion of the cells but it seems unlikely 
that this is the sole reason which maintains the balanced poly- 
morphism. However the combination of increased Hb F, a-v& 
low intracellular haemoglobin content and an increased suscepti- 
bility of the cell to oxidant damage may retard parasite growth 
sufficiently to give f i  thalassemia heterozygotes a selective advan- 
tage over normal infants in early childhood. 
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