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ABSTRACT. In this study we have carried out a-globin 
gene mapping, hemoglobin (Hb) Bart's quantitation serum 
bilirubin, and red blood cell indices determination in a 
group of Sardinian appropriate for gestational age prema- 
ture infants (from 32 to 35 wk gestation) in order to define 
the incidence in this population of the different a-thalas- 
semia syndromes, their expression rate, and the correlation 
between the a-globin genotype and phenotype at this de- 
velopmental stage. The gene frequencies of deletion (-a) 
and nondeletion (aath) a-thalassemia were 0.29 and 0.04, 
respectively, and thus not different from those found in 
full-term newborns from the same population. The majority 
of premature newborns with a single a-globin gene deletion 
[(-alas) genotype] were hematologically silent. Those who 
manifested increased Hb Bart's (1.2 to 3.4%) had slightly 
reduced Hb levels (17.4 2 2.6 gldl), mean corpuscular 
volume (102.6 f 6.3 fl), and mean corpuscular Hb (34.8 f 
2.0 pg) values. Those infants with the deletion of two a- 
globin structural genes (-a/-a) showed without exception 
moderate amount of Hb Bart's in the 3.5-8.1% range and 
an obvious decrease of Hb levels (16.1 f 1.6 g/dl) mean 
corpuscular Hb (30.6 f 3.5 pg), and mean corpuscular 
volume (88.5 f 11.5 fl) values. The only infant with the 
deletion of 3 a-globin structural genes had 25% Hb Bart's 
associated with a moderate microcytic anemia at birth and 
developed the clinical picture of Hb H disease. Carriers of 
nondeletion a-thalassemia (aa/aath) showed variable 
amount of Hb Bart's always associated with thalassemia- 
like red cell indices. Higher Hb Bart's levels were observed 
in those subjects carrying the initiation codon mutation of 
the a2 gene as compared with carriers of other nondeletion 
a-thalassemia defects. (Pediatr Res 20: 1077-1081, 1986) 

Abbreviations 

Hb, hemoglobin 
AGA, appropriate for gestational age 
MCV, mean corpuscular volume 
MCH, mean corpuscular Hb 

The two a-globin structural genes lie on chromosome 16 linked 
to a <-globin structural gene, a $< and a $a genes in the order 
5'-<-${-$a-a2-o(1-3' (1, 2). Different genetic lesions in this gene 
cluster produce the a-thalassemia, a heterogeneous group of 

genetic disorders characterized by deficient (a+-thalassemia) or 
absent (ao-thalassemia) output of the a-globin chains (3). Four 
clinical phenotypes of increasing severity are presently recog- 
nized, i.e. the silent camer state, heterozygous a-thalassemia, Hb 
H disease, and hydrops fetalis (4). Most commonly these condi- 
tions are caused by the deletion of one (-alas), two (-a/-a or -- 
/ ( ~ a ) ,  three (-a/--) or all four (--/--) a-globin structural genes, 
respectively (2, 5-7). However, different genetic defects, which 
leave both a-globin structural genes intact (nondeletion a-thal- 
assemia) (aath), may also produce a-thalassemia (8-1 3). 

In the neonatal period, a minority (40-50%) of those infants 
with a single a-globin gene deletion (-alas) express phenotypi- 
cally with Hb Bart's in the 1-3% range, associated frequently 
with minimal microcytosis (4, 14). However, the majority is 
completely silent. Those infants with the deletion of two a-globin 
structural genes (-a/-a and --/aa genotypes) show consistently 
increased Hb Bart's in the 3-8% range and thalassemia-like 
hematological manifestations (4, 14, 16). Infants with Hb H 
disease (-a/--) have 25% Hb Bart's and moderate microcytic 
anemia (4). Infants, heterozygous for a nondeletion lesion (ini- 
tiation codon mutation of the a 2  gene) (13), showed Hb Bart's 
levels within the range found in infants with the (-a/a~t)  genotype 
(14). 

The clinical phenotypes at 32-35 wk gestation resulting from 
the different a-thalassemia genotypes and their expression rate 
at this gestational age have not yet been defined. Sardinians are 
an ideal population for studying the hematological manifesta- 
tions of a-thalassemia in premature newborns because the dif- 
ferent types of this disorder occur with a high frequency in this 
population ( 14). 

In the present study, we camed out a-globin gene mapping, 
Hb Bart's quantitation, serum bilirubin, and red cell indices 
determination in a group of Sardinian AGA premature infants 
(from 32 to 35 wk gestation), in order to define the incidence in 
this population of the different a-thalassemia syndromes, their 
expression rate, and the correlation between the a-globin geno- 
type and phenotype at this developmental stage. The study 
regarding the incidence of a-thalassemia syndromes and the 
expression rate of the a-thalassemia silent carrier state was carried 
out in a random group of premature infants consecutively born 
in the Obstetric Department of Cagliari University (consecutive 
sample). The investigation on the genotype-phenotype correla- 
tions in addition to this group of infants included a series of 
premature infants with Hb Bart's >1% identified by screening 
for abnormal Hb (selected sample). 

Received August 9, 1985; accepted June 3, 1986. 
Correspondence Prof. Antonio Cao, Institute di Clinica e Biologia Eta Evoltiva, 

SUBJECTS 

Via Jenner, 09100, Cagliari, Italy. Selected sample. On the basis of visual inspection of cellulose 
Sponsored by W.H.0. and supported in Part by grants from the Assessorat0 acetate electrophoretic st*ps from Sardinian AGA premature Igiene e Sanita Regione Autonona della Sardegna (progetto finalizzato: "Le beta 

talassemie in Sardegna"), M.P.I. (40 and 60%) and C.N.R. Istituto di Richerche infants screened at birth for Hb, we l0 subjects 
sulle Talassemie ed Amemie Mediterranee, Cagliari. with Hb Bart's levels higher than 1 %. In these infants we camed 



1078 MACCIONI ET AL. 

out red cell indices and serum bilirubin determination, Hb Bart's 
quantitation, and restriction endonuclease analysis of the a-like 
globin gene complex. All these infants were then prospectively 
followed until1 5-8 wk from birth. 

Consecutive sample. This part of the study included 5 1 AGA 
premature infants consecutively born in the Obstetric Depart- 
ment of Cagliari University. In all of them we canied out red 
cell indices analysis, serum bilirubin determination, Hb Bart's 
quantitation, and a-globin gene mapping. 

METHODS 

Red blood cell indices were measured with the Coulter Counter 
model S regularly calibrated with a commercial standard (4C, 
Coulter Counter Cell Control, Coulter Diagnostic, Hialeah, FL). 
Bilirubin was measured according to Maloy and Evelyn (17). 
Globin chain synthesis analysis on peripheral blood reticulocytes 
was performed according to Kan et al. (1 8). The relative amounts 
of Hb Bart's were estimated in duvlicate bv elution from cellulose 
acetate strips following electro~horesis in a phosphate buffer 
system (19). 

Restriction endonuclease analysis of the a-globin gene cluster 
was carried out either by digestion of the DNA with Bgl I1 and 
hybridization with the {-globin specific probe or by digestion 
with Bam HI and hybridization with the a-globin specific probe. 
Since the most common nondeletion defect in Sardinians is the 
initiation codon mutation (ATG+ACG) of the a2 gene (13, 20) 
which abolishes a Nco I site (aNCOa/aa), we canied out also Nco 
I mapping in those subjects with high Hb Bart's and a normal 
a-globin genotype. DNA was prepared from white blood cells by 
phenol-chloroform isoamyl-alcohol extraction and ethanol pre- 
cipitation (2 1). Ten pg of DNA were digested with 30 U of the 
restriction endonucleases Bgl 11, Bam HI (Boehringer, Mann- 
heim, West Germany), or Nco I (BRL, Bethesda, MD) for 24 h 
under conditions recommended by the manufacturers. The re- 
stricted DNA was electrophoresed in 0.8% agarose, transferred 
to nitrocellulose filters (22), and hybridized either with a specific 
32P-labeled a-globin gene probe prepared by nick-translation as 
described by Maniatis et al. (23), from a-globin cDNA cloned in 

O R I G I N  
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the plasmid JW-101 (24) or with a {-globin specific probe pre- 
pared by nick-translation of a Hinf I fragment, isolated from the 
pBR{ plasmid, which is complementary to the whole gene ex- 
cluding the 5' part of the first exon (1, 25). The statistical 
significance of the results was evaluated with the Student's t test. 

RESULTS 

a-Globin gene mapping (including both the selected and con- 
secutive blood sample). Figure 1 shows representative Bgl I1 and 
Bam HI maps and Table I summarizes the overall results. All 
subjects with the deletion of a single a-globin gene (-alas) had 
the rightward deletion lesion. 

The {-specific fragment spanning from the { to the $3- gene 
varied in size between 10 and 11.5 Kb. The majority of the 
infants investigated had the 1 1.0 Kb fragment, one infant showed 
the 10.0 Kb fragment and three the 11.5 Kb fragment. DNA 
from three subjects showed the presence of the polymorphic Bgl 
I1 site located between the +{and +a genes. In one subject both 

Table 1. a-Globin gene mapping in AGA premature infants 
Fragment lengths 

Bam HI Bgl I1 
-- 

a-Globin {-Globin a-Globin 
n probe probe genotype 

Consecutive samples 2 1 14 11-12 a a l a a  
4* 14 1 1 - 12 aa/aath 

22 10.5-14 11-12-16 -a/aa 
4 10.5 11-16 -a/-a 

Selected samples I* 14 1 1-12 aa/aath  
5 10.5-14 11-12-16 -a/aa 

3 10.5 11-16 -a/-a 
1 10.5 11-14-16 --/-a 

* Nco I mapping showed in two of these carriers the initiation codon 
mutation (ATG-ACG) of the a 2  gene. 

5.0 k b , 
Fig. I .  Top, southern blot of leukocyte DNA from AGA premature infants after Bam HI digestion and hybridization with a-specific probe ( A )  

or Bgl I1 digestion and hybridization with {-specific probe (B). Bottom, diagram of the a-like globin gene complex. B, Bgl 11; Ba, Bam HI. 
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chromosomes showed the presence of this polymorphic site. This 
site was never observed in a chromosome containing the single 
a-globin gene (-a). 

a-Thalassemia incidence and phenotype expression rate of the 
a-thalassemia genotypes (consecutive sample). a-Globin gene 
mapping in the group of 5 1 consecutively born premature infants 
showed a normal complement of four a-globin structural genes 
( aa laa )  in 25 subjects (49.0%), a single a-globin gene deletion 
(-a/aa) in 22 (43.1 %), and the deletion of two a-globin genes 
(-a/-a) in 4 (7.8%) (Table 2). The gene frequency of the 
(-a) haplotype calculated from these results is 0.29. 

Of those infants with the (-a/aa) globin genotype, 10 of 22 
(45%) expressed phenotypically at birth; of these seven had either 
increased Hb Bart's (2) or mycrocytosis (5) and three had both 
these phenotypic manifestations. 

All the infants with the (-a/-a) genotype had increased Hb 
Bart's levels and thalassemia-like red cell indices. In the group of 
infants with a normal a-globin genotype four subjects (7.8%) 
had detectable Hb Bart's and were classified as carriers of non- 
deletion a-thalassemia. The gene frequency of this determinant 
is 0.04. 

Genotype-Phenotype Correlations (Including both the Selected 
and Consecutive Samples). Hb Bart's levels (Fig. 2). Infants with 
deletion of two a-globin structural genes (-a/-a) had mean Hb 
Bart's levels of 6.1 + 1.8% (3.5-8.1 range) while those with a 
single a-globin gene deletion had mean levels of 2.9 + 0.39 (1.2 
to 3.4% range). Two subjects with the (-a/aa) genotype had 8.1 
and 10.5% Hb Bart's, which are definitively outside the range 
associated with the above genotype. The only infant with the 

Table 2. Incidence o f  a-thalassemia in AGA premature infants 

2 1 aa/aa 41.2 
22 -a/aa 43.1 
4 -a/-a 7.8 
4 aa/aath 7.8 

Gene frequency aa :  0.67; 
-a: 0.29; 
aath: 0.04 

(-a/--) genotype had 25% Hb Bart's and developed the clinical 
and hematological manifestations of Hb H disease. 

At follow-up all infants with high Hb Bart's levels and a normal 
a-globin genotype had thalassemia-like hematological manifes- 
tations, normal Hb A2 and HbF levels, and an a lp  globin chain 
synthesis ratio within the a-thalassemia carrier range (data not 
shown). One of their parents had similar haematological features 

Fig. 3. Hb Bart's levels at birth in relation to the a-globin genotype 
in AGA premature infants. Only those subjects with the (-alas) genotype 
and increased Hb Bart's are reported herein. 

Fig. 2. 
increased 

genotype and 
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associated with a normal a-globin genotype. These infants are, 
therefore, camers of a nondeletion a-thalassemia defect. In two 
of them Nco I mapping showed the initiation codon mutation 
of the a2 gene (aNcO'a/aa) (data not shown). In these infants with 
the initiation codon mutation (aNco'a/aa) Hb Bart's levels were 
5.3 and 8% while in those carrying a nondeletion defect, not yet 
defined at molecular level, Hb Bart's levels were 1.1, 1.3, and 
2.5%. 

Red blood cell indices. Premature infants with the (-a/-a) 
genotype had significantly reduced mean Hb ( p  < 0.05), MCV 
( p  < 0.001, and MCH ( p  < 0.00 1) values as compared to those 
infants with a full complement of four a-globin structural genes 
(aalaa)  with practically no overlap between the two groups (Fig. 
3). MCV ( p  < 0.005) and MCH ( p  < 0.02) values from premature 
infants with the (-a/-a) genotype were also significantly reduced 
as compared to premature infants with the (-alas) genotype. 
Those infants with the (-alas) genotype, who manifested in- 

1 2 3 
DAYS OF LIFE 

Fig. 4. Bilirubin levels according to the a-globin genotype in AGA 
premature infants. m, a a / a ~ ' ~ ;  a, -a/cua; 0, -a/-a. 

creased Hb Bart's levels at birth, showed significantly lower Hb 
( p  < 0.05), MCV ( p  < 0.02), and MCH ( p  < 0.005) values than 
normal controls with a full complement of four a-globin struc- 
tural genes. However, there was an extensive overlap on one 
hand with the normal values and on the other hand with those 
associated with the (-a/-a) genotype. As predicted, the only 
infants with the (-a/--) genotype had a moderate microcytic 
anemia. Those premature infants with nondeletion defects had 
Hb levels ( p  < 0.02), MCV ( p  < 0.05), and MCH ( p  < 0.01) 
values significantly reduced as compared with those of premature 
infants with a normal a-globin genotype. 

Longitudinalstudies. This part of the study includes 5 1 infants, 
prospectively followed until 5-8 wk after birth. There were no 
significant differences in mean bilirubin levels between infants 
with the (-a/+) genotype and normal controls. The only infant 
who developed maximum bilirubin levels above 13 mg/dl had 
also the G6PD deficiency of the Mediterranean type (Fig. 4). 

Within the first 5-8 wk, there was a similar trend in the decline 
of Hb levels, red blood cell count, and MCV and MCH values 
in infants with a normal a-globin genotype (aalaa)  as compared 
with those with the (-a/aa) and (-a/-a) genotypes (Fig. 5). 
However, in this time interval Hb Bart's levels fell only slightly 
in infants with the (-a/-a) globin genotype while no modifications 
were seen in those with the (-alas) genotype. The infant with 
25% Hb Bart's developed hematological and clinical manifesta- 
tions consistent with HbH disease with an a l p  globin chain 
synthesis ratio of 0.42. 

DISCUSSION 

This study shows that in Mediterranean AGA premature in- 
fants Hb Bart's levels >1% indicate without exception the pres- 
ence of a-thalassemia, either of the deletion or nondeletion 
variety. Those subjects, with elevated Hb Bart's, who showed a 
normal a-globin map, were in fact all camers of a nondeletion 
a-thalassemia defect as indicated by the reduced a lp  globin chain 
synthesis ratio, the development of a thalassemia-like phenotype 
with normal Hb A2 and F levels at follow-up, and the finding of 
the a-thalassemia camer state phenotype in at least one of their 
parents. Moreover, Nco I mapping demonstrated in two of them 
the presence of the initiation codon mutation (ATG+ACG) of 
the a2 gene (aNcOa/aa), (13) which is the most common non- 

I 
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Fig. 5.  Red blood cell indices according to the a-globin genotype in AGA premature infants within the first 5-8 wk. 
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deletion a-thalassemia defect in Sardinians (20). A similar con- 
clusion was drawn in previous studies in full-term newborns 
from Asian as well as Mediterranean populations (14, 15). The 
incidence of the different a-thalassemia determinants found in 
prematurely born infants in this study is similar to that detected 
in full-term newborns from the same population ( 1  4) suggesting 
that a-thalassemia in the form of the defect of one, two, or three 
a-globin structural genes has no detrimental effect on the out- 
come of the pregnancy unlike the deletion of four a-globin genes 
which produces fetal hydrops and maternal toxemia (3). 

The deletion of a single a-globin gene (-a) can be produced by 
two different cross-over mechanisms which are referred to as 
rightward and leftward deletion (6). In this study, all chromo- 
somes with a single a-globin gene deletion (-a/aa) resulted from 
the rightward cross-over, which is the most common lesion 
accounting for the (-a) haplotype in the Mediterranean popula- 
tions (6). 

As has previously been found in other Mediterranean popu- 
lations (26) in this study the DNA segment spanning from the { 
to the ${gene varied in size because of the presence in this region 
of a hypervariable region containing a variable number of DNA 
repeats. In a few cases the polymorphic Bgl I1 site located between 
the $a and ${gene (27) was also detected. 

The (-a/aa) genotype appeared silent in the majority of the 
infants investigated. Screening by Hb Bart's levels in premature 
infants, thus underestimates the prevalence of this genotype. A 
similar phenotypic expression rate of the (-a/aa) genotype has 
already been found in full-term newborns from the same (14) as 
well as from the Jamaican population (28). 

In this study, we found a striking correlation between the 
number of functional a-globin genes and the hematological 
phenotype. Those subjects with the (-a/-a) genotype, who pre- 
sented phenotypical manifestations at birth, had low Hb Bart's 
level in the range of 1-3% associated frequently with slightly 
reduced Hb levels. moderate microcvtosis. and reduced Hb 
content per cell (MCH), those infants k i th  the deletion of two 
a-globin structural genes (-a/-a) showed without exception mod- 
erate amount of Hb Bart's in the 3-8% range associated with an 
obvious decrease of Hb, MCV, and MCH values. The infant 
with the deletion of 3 a-globin structural genes had 25% Hb 
Bart's and moderate microcytic anemia. The only exception to 
this pattern regards two infants with a single a-globin gene 
deletion (-alas) and Hb Bart's levels of 10.5 and 8.1 %, respec- 
tively. The best explanation for this finding is that these infants 
may have also inherited a nondeletion a-thalassemia determi- 
nant and therefore actually have the (-a/arha) genotype, which 
in a previous study was seen to be associated with Hb Bart's 
levels higher than those resulting from the (-a/-a) genotype (29). 

The phenotypic manifestations of nondeletion a-thalassemia 
in premature infants were quite heterogeneous. Those infants 
with the initiation codon mutation of the a2 gene (aNcOa/aa) had 
higher Hb Bart's levels as compared with either infants with 
other nondeletion defects not yet characterized at molecular level 
or with infants with a single a-globin gene deletion. Accordingly, 
previous studies in the same Sardinian population (20) have 
shown that a chromosome containing the initiation codon mu- 
tation of the a2 gene produces a more severe defect than that 
resulting from a chromosome with a single a-globin gene dele- 
tion. Hb H disease caused by the combination of the (aNcOa) 
haplotype with the (--) haplotype is, in fact, clinically and he- 
matologically more severe than that produced by the common 
deletion mechanism (-a/--) (20, 30). Moreover, the homozygous 
state for the initiation codon mutation of the a 2  gene (aNcOa/ 
aNC0a) produces Hb H disease while the deletion of two a-globin 
genes (-a/-a) results in the a-thalassemia carrier state (20). 

However, thalassemia-like hematologic manifestations were 
seen in all the camers of nondeletion lesions regardless of the 
type of molecular defect. In this series, none of the premature 
infants with a-thalassemia showed hyperbilirubinemia. This 
finding excludes that a-thalassemia may cause unexplained hy- 
perbilirubinemia in premature infants. From these findings, we 

may conclude that at 32-35 wk gestation the different a-thalas- 
semia genotypes produce an Hb pattern and hematologic features 
like those observed in full-term newborns with the same geno- 
types. 
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