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Abstract. Based on precise evaluation of hematological findings 
and clinical manifestations, the relationship between genotype 
and clinical phenotype was studied in 475 Greek patients with 
/? and d/~ thalassemias. Almost all known genotypes are includ- 
ed in this series, but the most frequent was homozygous pth 
high A2 (71.6%), flth/flth silent (7.4%), flth/~/~oth high F (6.30/0) 
and flth/flth Dutch (6.3%). 

In general, the phenotype was related to the genotype, 
though clinical heterogeneity was detected among patients 
with the same genotype. The severe type of thalassemia major 
was most commonly found in homozygous/?th patients mainly 
of/?~176 and flo//?+ genotypes while homozygous/?+patients 
had milder clinical manifestation. Furthermore a small group 
&patients, characterized as homozygous/?++ (HbF < 30%) had 
mild thalassemia intermedia. In addition mild thalassemia 
intermedia was principally related with homozygous dflom, and 
compound heterozygous flth/flth silent I, and less frequently 
with other genotypes such as compound heterozygous with 
/~th/flth Dutch,/?th//?th silent II, flth/~floth high F or Lepore. 

It was shown that precise genetic characterization and clini- 
cal evaluation is of primary importance in predicting the prog- 
nosis and formulating the proper treatment for the individual 
patient with thalassemia. 
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Introduction 

Long before research workers realized the extreme genetic 
heterogeneity of thalassemias, clinicians recognized the wide 
variety of phenotypic expression of these syndromes and 
applied the terms thalassemia "major" and "intermedia" to 
define the existing differences in the severity of clinical mani- 
festations [1, 9]. At present, clinicians are greatly interested in 
exploring the patient's genotype as there is strong evidence 
suggesting that the phenotype of the thalassemia syndrome, is 
basically related to the genotype. This seems to be particularly 
true for thalassemia intermedia [11]. 

In an attempt to clarify the relation between the genotype 
and the clinical phenotype of patients with thalassemias, the 
clinical, hematological and genetic data of 475 Greek children 
with/? and d/? thalassemias were analysed and the results are 
reported here. 

Material and Methods 

The study includes 475 fully investigated genetically classified 
patients with thalassemia, followed at the Thalassemia Unit of 
the 1st Department of Pediatrics of Athens University. The 
genetic characterization of/~ and d/? thalassemias was based on 
the detailed hematological investigation of the patient and 
both parents. All patients with evidence of interaction with a- 
thalassemia or other abnormal hemoglobin were excluded. 

Hematological analysis included complete blood count and 
red cell indices, one tube osmotic fragility, quantitation of HbF 
and HbA2, hemoglobin electrophoresis on starch gel, and a 
search for excess/3-chains in red cells. In selected cases column 
chromatography and hemoglobin chain synthesis were carried 
out [2, 4]. The criteria used for the genetic classification are 
shown in Table 1. 

In contrast to genetic characterization there are no definite 
criteria for classification of the clinical phenotype of the thalas- 
semias; thus somewhat arbitrary criteria such as the hemoglo- 
bin level, the age of diagnosis and the age at which transfusions 
started were adopted. Furthermore for clinical evaluation, the 
general condition, the degree of bone and heart involvement, 
the size of liver and spleen, and the degree of growth impair- 
ment were also considered. 

Based on the above criteria patients were classified into the 
two major clinical types, thalassemia major and intermedia, 
but each type was further subdivided into two subgroups: 
I(severe) and IX(mild). More precisely: 

Thalassemia Major 

Type I." Included patients with the most severe clinical manifes- 
tations, in which diagnosis was made very early in life and 
treatment started at the age of 3-24 months because of low Hb. 

Type II: Included patients with rather milder clinical manifes- 
tations; hemoglobin was preserved at satisfactory levels (> 8 g/ 
dl) during the first two years of  life, but later deteriorated and 
transfusions were started at the age of  3-5 years. 

Thalassemia Intermedia 

Patients with milder clinical manifestations, preserving Hb 
levels above 8 g/dl, at least for the first 6 years of life. 

Type I: Included patients, which during the 6th-12th year of 
life, though they may have preserved a hemoglobin of 7-8 g/dl, 
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Table 1. Relevant findings in fl and ~fl thalassemias 

Type of thalassemia Laboratory findings 

Heterozygous Homozygous 

Hb A2% Hb F% Hb A% Hb F% 

flo (high A2) >3.5 <4 
flo Ferrara >3.5 <4 

flo (high F) Dutch <3.5 >4 

fl+ (high A2) >3.5 <4 
fl++ (mild) a >3.5 <4 

fl+ Negro >3.5 <4 
fl (silent) b <3.5 <2 

(Type I) Minimal-..~ Red cell changes 
(Type II) Obvious 

(dfl) ~ high F <3.5 4-20 

(dfl) Lepore < 3.5 > 5 
+ 

Hb Lepore (8-10%) 

+ 

0 ~100 
0 -- 100 

0 -- 100 
40 > 60 
70 < 30 
40 25-60 
Not described 

0 100 
0 - 80 

Lepore ( -  20%) 

aUnpublished cases; parents fl+ (high A2) heterozygote 
u Chain synthesis for diagnosis 

Table 2./3 and dfl thalassemia genotypes in 475 greek patients 

Genotypes Patients 

Number % 

L Frequent 
flth/flth 340 71.6 

flth/flth silent 35 7.4 
flth/(•)oth high F 30 6.3 

flth//?ot~ Dutch (F> 4%) 30 6.3 
flth//~th (F:3-4%) 21 4.4 

/?th/d/~ Lepore 14 2.9 

II. Rare 
(&)oth/(M)oth 2 

03fl)~ ~ Dutch 1 
/~th silent//~oth Dutch 1 1.0 

flora Dutch/floth Dutsch 1 

Total 475 100.0 

All flo +fl+ variants with increased HbA 2 and F<3% 

showed considerable bone changes, enlargement of the 
spleen, as well as a certain degree of growth retardation, and 
might have needed transfusions or splenectomy because of 
hypersplenism. 

Type H: This is the milder type of thalassemia intermedia, pre- 
serving a high level of Hb (8-10 g/dl), and only minor signs of 
bone and spleen impairment at the age of 6-12 years. 

Results 

Table 2 shows the spectrum of/3 and d/? thalassemia genotypes 
in our series, which is more or less representative of the preval- 
ence of each genotype in Greece. 
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Fig. 1. Clinical phenotypes in 4 genotypes ofhomozygous flth high A 2 
thalassemia (rio~rio, flo//?+, /?+/fl+ and/?++//?++) 

More than 70% of the patients were homozygous for/?(high 
A2) thalassemia. This is the most common variant which pre- 
dominates, not only in Greece, but all over the world. The 
remaining patients resulted from the mating of the common/? 
thalassemia gene to one of the less common fl or (3/? thalasse- 
mia genes, namely the/?-silent, the (d/?) ~ high F, the (~/? Lepore, 
and the/?~ (Dutch) variant while homozygosity of the rare 
variants was exceptional. 

The clinical manifestations of the most common genotype, 
the homozygous/?-thalassemia (high A2) were as a rule severe 
corresponding to the clinical subtypes I and II, of thalassemia 
major. But even in this genotype a heterogeneity in clinical 
phenotype was found. Studies with column chromatography, 
and chain synthesis in 57 patients, with homozygous/?-thalas- 
semia showed that this heterogeneity was related, to a certain 
extent, to the presence of the/? ~ or/? + genes and to the amount 
cf HbA (Fig. 1). 

Homozygous/?o thalassemia, with no HbA, and compound 
heterozygous with/?o and/?+genes with low HbA (4-20%) had 
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Fig. 2. Prevalence of clinical phenotypes in 475 Greek patients with ,8 
and d/~ thalassemia 
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as a rule the most severe type I thalassemia major, while homo- 
zygous/?+(with rather high HbA > 20%) had equally type I and 
II thalassemia major and occasionally type I, thalassemia inter- 
media. Furthermore, all 7 patients with high HbA (> 70%) had 
mild thalassemia intermedia, mainly type II. 

The relation observed in this series between thalassemic 
genotype and clinical phenotype is shown in Fig. 2. This figure 
illustrates also the clinical heterogeneity which was found in 
patients with the same genotype. The most severe cases of 
thalassemia were related to homozygous/?(high A2) thalasse- 
mia, and/? and (d/?) ~ thalassemias, while the thalassemias inter- 
media, type I, and II with/?th//?th silent type I, the homozygous 
/?++thalassemia (high HbA), and homozygous (d/?)~ com- 
pound heterozygotes with/?th//?o Dutch,/?tu/d/?~ (high F),/?th/ 
/?th silent type II, had a clinical phenotype of moderate severity, 
and a wider spectrum ranging from thalassemia major to tha- 
lassemia intermedia. 

Discussion 

As illustrated in Fig. 2 the patient's genotype may prove valu- 
able in as sisting the clinician to predict the prognosis and formu- 
late the treatment of individual patients with/? or c3/? thalasse- 
mia. It became clear from this study that certain genotypes are 
most commonly associated with the severe manifestations of 
thalassemia major (type I and II), others with the mild manifes- 
tations of thalassemia intermedia (type I and II), while others 
have both severe and mild clinical phenotypes. 

Of interest was the clinical heterogeneity observed in 
patients with the same genotype. Homozygous (high A2) 
thalassemic patients had, as a rule, the clinical phenotype of 
thalassemia major (type I and II). But even in this genotype, 
heterogeneity in clinical phenotype was found. The variation 
in clinical severity seemed to be related primarily to the pres- 
ence of/? ~ or/? + genes (Fig. 1); a milder phenotype was observed 
in homozygous ,8+ thalassemia, namely in patients with a pro- 
portion of HbA ranging from 20-40% [5]. 

The milder clinical manifestations, compatible with thalas- 
semia intermedia type II, were found in 7 patients with very 
high levels of HbA (>700/0) and rather low levels of HbF 
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(<30%). All were older patients aged 6-22 years who pre- 
served, without transfusion, Hb levels of 8-9 g/dl. Both parents 
had hematological data of/?-thalassemia trait with high HbA2 
and imbalancecl/?-chain synthesis with a ratio of a- to/?-chains 
ranging from 1.9-2.8. 

The respective chain ratio in patients ranged from 2.6-3.9, 
slightly lower than that found in homozygous/?o or p+ thalasse- 
mia of this series. The milder manifestations of these patients 
could be attributed to the presence of a/?+ thalassemia gene, 
which is capable of directing the synthesis of adequate 
amounts of/?-chains, considerably higher than that synthe- 
sized by the common/?+ variant. For distinction, this variant 
was characterized as/?++. 

The clinical, hematological and genetic findings of the 7 
patients strongly suggest that this is a distinct entity, quite dif- 
ferent from the usual homozygous/?+ thalassemia found in 
Greece and rather similar to /?+ thalassemia described in 
negros [3, 12]. Studies with DNA mapping, now in progress, are 
expected to give additional information at the molecular level, 
concerning this/?-thalassemia variant, in the Greek popula- 
tion. 

Another factor which seemed to influence the clinicalpheno- 
type of patients, was the level of HbF, in heterozygous parents. 
As is known, the HbF levels in/?-thal high A2 heterozygotes 
varies from normal up to 4%. The variation in the level of HbF may 
be due to the presence of a genetic heterogeneity which may not 
be necessarily associated with/? ~ or/? + genes. As seen in Fig. 2, 
the presence of increased levels of HbF (>3~ in one of the 
parents seems to have a beneficial effect towards a milder 
phenotype. This assumption is favored by the mild clinical 
manifestations observed in compound heterozygotes of/?th//? th 
Dutch (high A2 and high F>40/0). Even milder clinical mani- 
festations were described in homozygous/?th Dutch patients 
[8]. 

The second most common thalassemic genotype with hete- 
rogeneity in clinical manifestations was that of double hetero- 
zygotes for/? th and/? silent (normal HbA2 and HbF) type I and 
II. This genotype covers 7.4% of the patients; of interest are the 
differences in clinical phenotype which have been reported, 
and are confirmed in this series, between the type I, with mild 
clinical features, and type II, with severe clinical manifesta- 
tions. Characteristic in this respect were the hematologic fin- 
dings not only of the heterozygotes but mainly of the double 
heterozygotes with high HbA (> 800/0) in type I, and low HbA 
(<20%), in type II [11]. 

Other prevalent genotypes in our series were those of 
double heterozygotes for/?th and either c3/? ~ high HbF (6.30/o) of 
d/?Lepore (2.8%). 

The clinical manifestations of both genotypes are generally 
considered mild, as the first reported series included only older 
children and adults with thalassemia intermedia [10]. However 
subsequent publications demonstrated the presence of these 
genotypes in children, where the clinical manifestations were 
more severe [41. These findings are further supported by the 
extreme variation in clinical severity observed in this series. Of 
30 patients, 22 had thalassemia major and were on frequent 
transfusions, 6 were rarely transfused and only 2 preserved 
high Hb levels without transfusions. Thirteen of the older 
patients were splenectomized because of hypersplenism. 

From the data collected in this study it is concluded that the 
heterogeneity in clinical manifestations is basically related to 
the patient's genotype; it was also shown that the wide spec- 
trum of clinical manifestations in Greek patients is mainly due 
to presence of nearly all known genetic variants of/? and d/? 
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thalassemias in Greece. Furthermore it was demonstrated that 
the genetic characterization of thalassemia using as criteria 
relevant hematologic data gives valuable information for pre- 
dicting the prognosis and establishing the appropriate treat- 
ment, especially in patients with thalassemia intermedia. As 
shown in Fig. 2, the mild thalassemia intermedia type II was 
mainly found in patients with homozygous fl++th, homozygous 
/~oth, and compound heterozygous for flth/flth silent type I, and 
less frequently in patients double heterozygotes for flth/flo 
Dutch, flth/~flo (high F), flth/ ~fl Lepore and flth/~th silent type 

II. 
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