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Abstract: Beta-thalassemia (MIM 141900) is a prevalent autosomal recessive hematological disorder

characterized by life long dependency on blood transfusion. Here we studied the intra-familial phenotypic

variability among affected sibs in 20 Egyptian families of beta thalassemia cases with the main aim of

genetic counseling regarding possibility of predicting the phenotype of similarly. affected sibs to be born

in the future. Clinical and molecular heterogeneity were not detected among our studied families. Similar

to most previous studies, in general, there was no consistent genotype/ phenotype correlation. The

observed absence of clinical heterogeneity in response to the same genotype among the studied family

members could be of great help to genetic counseling and prenatal decision making offered to beta

thalassemia families.
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INTRODUCTION

Phenotypes have been a subject of research ever

since ancient Greek physicians such as Hippocrates

(460-370 BC), Celsus (25 BC-50 AD), and Galen (130-

201 AD) took an interest in meticulously describing

and studying the human body and associated illnesses

with physical causes . For a long time, phenotypes[1]

have been regarded solely as indicators for changes in

genotypes or diseases. There have been relatively few

efforts to make use of phenotype data beyond the

single genotype-phenotype relationships . This[2 ]

relationship was not always informative in many cases

as with beta thalassemia patients .[3 ,4]

The beta-thalassaemias have a major global impact

on health and mortality. At least 300,000 lethally

affected homozygotes are born annually . More than[5]

200 mutations have so far been reported that result in

beta-thalassemia . Identification of the molecular basis[6]

of the beta-thalassaemias and sickle cell disease (SCD)

has made it clear that patients with the same beta-

globin genotypes can have very variable patterns of

clinical expression. Genetic studies have been

successful in identifying some modifiers if the loci

have a major clinical effect and if the genetic variants

are common . [7]

Although patients are being diagnosed earlier and

chelation therapy is being initiated at an earlier age,

complications due to iron overload still persist . [8]

Allogeneic haemopoietic stem cell transplantation

is the only approach that may lead to a cure but this

approach is not available to most patients. The

mainstay treatment for the majority remains life-long

blood transfusion in combination with a rigorous

regime of iron chelation . [9]

In developing countries, beta-thalassemia poses an

increasing burden for health-care services and it is not

possible to provide blood transfusions and iron

chelation therapy to all patients with limited available

national resources. Bone marrow transplantation is

extremely expensive. Therefore, prevention is least

expensive and most effective means to deal with beta-

thalassemia  hence, it is a prerequisite to investigate[10]

the molecular basis and natural history of these

disorders to establish the most cost effective methods

for their control and management . Studying the[11]

phenotypic variability among beta thalassemia affected

family members was the aim of our study. This will be

of great help to predict the phenotype in subsequently

affected children in each studied family.

MATERIAL AND METHODS

The study was conducted at the Clinical Genetics

Clinic, National Research Centre, Cairo, Egypt. Twenty

families were included in this study. They were all

assessed clinically, prenatally and through post natal

follow up during the period from 1995 till 2009. They
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were families of cases diagnosed as beta thalassemia

among patients seen at the Clinical Genetics Clinic,

National Research Center, Cairo , Egypt and

Hematology clinic, Cairo University. Selection was

based on having more than one beta thalassemia

affected family member. 

Written consents were obtained from the studied

family members or guardians of minors. Patients and

their affected family members were subjected to;

pedigree analysis up to three generations, meticulous

history taking and clinical evaluation of all body

systems. The following was also performed:

C routine hematological investigations e.g., complete

blood picture, Hb electrophoresis, osmotic fragility,

reticulocytic count..etc.

C all affected patients were clinically classified

according to a scoring system into mild moderate

and severe  with consideration to: age of[12 ,13 ,14]

disease onset, age of first transfusion, frequency of

b l o o d  t r a n s f u s i o n ,  h e m o g l o b i n  l e v e l ,

hepatospleenomegaly, facial and growth affection.

C Molecular characterization of 13 common Egyptian

beta thalassemia mutations by reverse dot blot

technique (previously reported) .[15 ,16]

C Prenatal molecular characterization (previously

reported) .[17]

C Clinical follow up for the outcome after delivery

C Correlation of the data among the different family

members.

RESULT AND DISCUSSIONS

Results: As shown in Table (1), among the studied

families intra-familial genotypic heterogeneity could not

be detected. The same genotype was found among all

affected within the same family.

While the same genotype showed different degrees

of severity when comparing different families, the

clinical presentation of the disease among the affected

sibs of the same family, according to the used scoring

system, showed no variability irrespective to the

underlying molecular pathology.

Discussion: In the most general sense, a phenotype is

the expression of an organism’s individual genetic

blueprint under varying environmental influences. The

intrinsic nature of phenotypes to visibly reflect genetic

activity underlines their usefulness in inferring new

gene functions . [1]

The study emerged from the need for informative

genetic help for the beta thalassemia patients and their

families. A frequent problem in counseling beta

thalassemia families is the lack of a persistent

established genotype/phenotype correlation .[3 ,4 ,12 ,13 ,18-23]

Information about beta thalassemia family history is

usually available, but has rarely been used to evaluate

clinical variability. 

Thalassemias constitute a group of heterogeneous

disorders that cause significant worldwide morbidity

and mortality. Alterations in migration patterns have

changed the geographic distribution of this disease and

made it a worldwide health problem  Egypt,[24 ,25]

represents  one  of  the  areas  in  the world  with  a

high  prevalence  of beta  thalassemia with  a carrier

incidence about 9-10% . Among the studied 20[26]

families (Table 1) 65% positive consanguinity was

detected. The 35% non consanguineous families could

be an indicator to high gene frequency among

Egyptians.

The clinical severity of thalassemia major makes

it a priority genetic disease for prevention programs &

raises the question of an adequate strategy to be used

adapted to socio-economical status .  Screening of[27 ,28]

an inherited fatal recessive disorder such as beta

thalassemia coupled with prenatal diagnosis has always

proved to be successful. Studies carried out without the

option of prenatal diagnosis, were negative .[29]

The pathophysiology of beta thalassemia relates

primarily to the degree of anemia that is caused by

both intramedullary hemolysis and RBC destruction in

the peripheral blood. While  the molecular  biology

has  been studied effectively, the cellular derangements

that  lead  to the premature removal of  abnormal

RBCs in  the marrow and from  the peripheral

circulation  are not  clearly understood . Reported[30]

c lin ica l heterogeneity and  la rge ly unknown

pathophysiology of different phenotypes render

phenotypic prediction uncertain .[31]

As no genotype/phenotype correlation was existing

consistently among patients included in different

studies,  this introduced difficulties as regards[3 ,12 ,13 ,18-22]

genetic counseling including decision making after

prenatal diagnosis. 

Because of the high health burden and expensive

treatment genetic counseling and prenatal diagnosis

remain a most important cost effective option for beta

thalassemia patients and their families .[10 ,11]

Phenotype descriptions are valuable information

right at the interface of medicine and biology. Their

main value lies in helping to dissect the relationships

between diseases and genes .[2]

Several stud ies d iscussed  in tra -famil ia l

heterogeneity in some genetic disorders. The following

are some reported examples, in movement disorders,

primary hyperoxaluria type I, type I Gaucher disease

and phenylketonurea . However, non according to[31-34]

review of the literature discussed this heterogeneity

among beta-thalassemia families. In the present study

the  best  combination of clinical parameters that can
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Table 1: Genotype/phenotype in sibs among 20 Betathalassemia families

Family No. proband consang No. of affected members genotype Phenotypic score

1 M  +ve 3 ß / ß Severe 0  0

Severe 

Severe 

2 M +ve 2 ß /ß M oderate ++  ++

M oderate

3 M  -ve 2 ß /? M oderate 0

M oderate 

4 F +ve 2 ß /? M ild ++

M ild 

5 M  -ve 2 ß / ß M oderate 0  0

M oderate 

6 M  +ve 2 ß /ß Severe ++  +

Severe 

7 M  +ve 2 ß / ß Severe 0  0

Severe 

8 M  +ve 2 ß /ß M oderate ++  ++

M oderate 

9 M  +ve 3 ß / ß Severe +  +

Severe

Severe 

10 M  +ve 2 ß /ß M ild ++  +

M ild

11 F -ve 2 ß / ß M oderate +  +

M oderate

12 M  +ve 3 ß / ß M oderate  +  +

M oderate

M oderate 

13 F -ve 2 ß / ß M oderate 0  +

M oderate 

14 F -ve 3 ß / ß M oderate +  +

M oderate

M oderate 

15 M  +ve 2 ?/? M oderate

M oderate 

16 M  +ve 2 ß / ß Severe 0  0

Severe 

17 F -ve 2 ß / ß Severe +  0

Severe 

18 M  +ve 2 ß / ß Severe +  +

Severe 

19 F +ve 2 ß / ß Severe +  +

Severe 

20 F -ve 3 ß / ß Severe 0  0

Severe

Severe

predict phenotypic disease severity among affected

family members was used as a comparative measure
. [12 ,13 ,14]

The clinical expression of the disease was reported
as variable . We limited this range of clinical[12]

variability with the description and classification of sibs
included in the study.

Seven different genotypes were detected with
variable clinical outcomes not correlating usually with

the underlying molecular pathology. That could be seen
in the nine families classified as moderately affected

with six different genotypes responsible for disease
production. Also among the other nine families

classified as severe four different genotypes were
present. In both cases mutation spectrum ranged from

mild ß / ß + through the severe ß / ß mutations with ++   0  0  

complete absence of ß chain production. 

However the gene mutation within each of the

studied families was always the same. No different
mutations were detected within the same family.

Also no different clinical outcome was found
among affected sibs of the same family. For example

all affected sibs within family No 5 had ß / ß 0  0

mutations and all had moderate clinical outcome while

patients within family No 6 had ß / ß  mutation and ++ +  

severe phenotype.  

Our currently limited ability to fully describe any
given individual’s entire genome and phenome leaves

us no other choice than to learn to live with partial
data in this area. Unfortunately, researchers typically

fail to report all observable changes and another
limitation comes from the fact that for most phenotype

data collected so far, the environmental contributions
are  either  neglected or, in case of model organisms,
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kept to a minimum using standardized laboratory

conditions . These environmental factors can explain[1]

the same phenotypic outcome among family members

however intra familial clinical variability was reported

in other genetic disorders .[4]

Thalassemia is a not a typical example of

genotype/phenotype relationship of a monogenic

disease . If haplotypes or sets of single nucleotide[12]

polymorphisms (SNPs) are inherited together, the

individual phenotypic contribution of each SNP within

this haplotype is further obscured . This interaction[35]

could explain the absence of clinical heterogeneity with

response to haplotype influence within the family

members .[36]

The present study represents a step for the control

of thalassemia major through prediction of phenotype

in subsequent children for the same family. However,

a large scale prospective controlled study is necessary

to evaluate the long-term effects of screening and

counseling.
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