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Abstract

Objective: To screen immediate family members of thalassaemia patients for carrier identification and counselling.
Methods: The cross-sectional study was conducted at an urban thalassaemia treatment and prevention centre in
Karachi, Pakistan, from January to December 2008, and involved 188 siblings of 100 thalassaemia patients.
Complete blood count, including haemogram, was performed in the siblings. Samples with MCV <75fl and MCH
<25% were subjected to haemoglobin-electrophoresis. Haemoglobin A2 of 3.5% to 7.0% was labelled as B-
thalassaemia minor. Those with haemoglobin A2 of 3.0-3.4% but red blood cell count of >4.5x1012/L were reported
as equivocal and were screened for iron deficiency anaemia and a repeat haemoglobin A2 estimation was done on
high performance liquid chromatography. Equivocal results of the chromoatography were screened for
thalassaemia mutation. Mean values along with standard deviation were worked out for relevant variables.
Result: Of the 188 subjects, there were 124 (66%) males and 64 (34%) females. The mean age was 16.5£6.3
years (range: 3 months to 30 years) and the mean family size was 1.88+3.8 (range: 1-12) children per family. There
were 51 (51%) first-cousin marriages in this group. Of the siblings, 65 (34.5%) were identified as normal, while 117
(62.2%) were reported as B-thalassaemia carriers. Six asymptomatic siblings were reported as consistent with 3-
thalassaemia major.

Conclusion: There were 62.2% siblings identified as beta thalassaemia carriers in the study as opposed to 5-8%
carriers in the general population. We also identified six asymptomatic and unidentified cases of B-thalassaemia
intermedia in these families. Therefore, in our context where both resources and budgets are limited, it is practical
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to focus on siblings of identified thalasaemia patients.
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Introduction

Thalassaemia, the most common hereditary anaemia
is characterised by defects in the synthesis of one or more of
the globin chains that form haemoglobin (Hb) tetramere. 3-
thalassaemia, one of the genetic haemoglobinopathies with
autosomal recessive pattern of inheritance, is known to be
caused by more than 200 point mutations observed at the
molecular level.! Thalassaemia, along with other
haemoglobinopathies, is the most common genetic disorder
affecting approximately 7% of the world population.2
According to the Thalassaemia International Federation,
only about 200,000 patients with thalassaemia major are
alive and registered as receiving regular treatment around
the world.3 It has a high prevalence in the Mediterranean
countries, the Middle East, Central Asia, India, southern
China, and the Far East as well as countries along the north
coast of Africa and in South America.* -thalassaemia is
one of the commonest inherited haemoglobin disorder and
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its statistics in Pakistan present a grim scenario. It has an
overall carrier frequency of more than 5%.5 Approximately
40,000 cases of transfusion-dependent children with
thalassaemia major are presently registered and each year
nearly 5250 are born in the country with a population of
about 150 million. Homozygote B-thalassaemia patients
usually present with severe anaemia within the first year of
life. Severe anaemia is incompatible with life; patient
requires regular blood transfusion and iron chelating
therapy for survival.” The cost of the treatment is not
affordable by an average Pakistani family. This is a major
financial burden on the family and society, as treating
thalassaemia alone will consume up to about 40% of our
current healthcare budget.> The best treatment option
available is bone-marrow transplantation from human
leukocyte antigen (HLA)-identical siblings in patients who
have no evidence of iron-mediated liver damage. However,
this treatment option is beyond the reach of a common
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person in terms of affordability. The best possible solution
is to identify carriers through screening, provide genetic
counselling and prenatal diagnosis to reduce the birth rate of
affected infants and improve the prognosis of the affected
patients.8 Countries like Cyprus, Italy, England, Greece,
Iran, Turkey, Sri Lanka, China, Tunisia, Thailand and
Malaysia have well-established screening and prenatal
diagnostic programmes. With screening and prenatal
diagnosis programmes Cyprus, Italy and Greece have been
100% successful and the birth prevalence of homozygote
beta thalassaemia now stands at zero.®-!! Worldwide
screening and prevention programmes adopt one or more of
the following methods: extended and immediate family
screening; newborn screening; premarital screening; pre-
pregnancy screening; and pregnancy screening (Chorionic
Villus Sampling during the first trimester). The aim of all
these approaches is to reduce the rate of birth of affected
infants. Pakistan does not have a national thalassaemia
screening or prevention programme or any policy in this
regard. Hence, the present study was designed to identify a
cost-effective feasible method for nationwide applicability.
We focussed on screening immediate family members of
those already affected.

Subjects and Methods

The cross-sectional survey was conducted at the
Omair Sana Thalassaemia Treatment and Prevention
Centre, Karachi, from January to December 2008. Ethical
approval of the study protocol was obtained from the ethical
committee of the institution. Since it was a cross-sectional
survey, all the enrolled patients' parents were called in for
individual counselling. They were provided detailed
information about the importance and need of screening and
they were also provided information about the laboratory
methods and protocol that was to be employed for
screening. From among those who agreed to participate and
provided informed written consent, 100 families having a
child with beta thalassaemia major were randomly selected.
On the first meeting with family, the genetic counsellor took
family history and filled up the study enrollment form. Each
family and subject was given a unique study code. On
followup i.e. the second visit, blood samples were collected
in ethylenediaminetetraaectic (EDTA)-anticoagulated blood
sample tubes. Two families were called in one day.

Screening for thalassaemia was performed using the
conventional primary screening method. The blood samples
collected were subjected to complete blood count (CBC)
and red blood cell (RBC) indices using automatic cell
counter Sysmex XF-2100. Samples with mean corpuscular
Volume (MCV) < 75f] and mean corpuscular haemoglobin
(MCH) <25pg were further studied through Hb-
electrophoresis, using cellulose acetate in alkaline buffer.
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Subjects with Hb A2 of 3.5% t07.0% were labeled as -
thalassaemia minor or carriers. Those with Hb A2 3%-3.4%
and RBC count of >4.5x1012/L were screened for iron
deficiency. They received a trial of iron therapy and were
checked for Hb A2 both by Hb-electrophoresis and High
Performance Liquid Chromatography (HPLC). Equivocal
results on HPLC were further screened for thalassaemia
mutations by Multiplex Amplification Refractory Mutation
System (ARMS).

Results

Out of the 188 siblings of homozygous [-
thalassemic index cases, there were 124 (66%) males and 64
(34%) females. The mean age of the study group was
16.546.3 (range: 3 months and 30 years). The mean family
size was 1.88+3.8 (ranging between 2 and 12) children per
family. There were 51 (51%) first Cousin marriages in the
100 families. Among the siblings, 65 (34.5%) were
identified as normal, whereas 117 (62.2%) were reported as
B-thalassemic carriers (Table-1). The mean Hb, MCV, MCH
and Hb A2 values in the carriers were 10.7 £ 1.4, 66 £8, 19

Table-1: Immediate family screening for B-thalassaemia carriers.

Study Characteristics
%

Number Percentage

Total Number of families 100 100
Total Number of Screened 188 100
Primary Screening Normal MCV >75, MCH >25 29 154
Secondary Screening

Hb-electrophoresis 159 84.5
Thalassaemia carrier 109 68.5
Thalassaemia Major 5 3.5
Normal 35 22
Equivocal 8 5
HPLC 8

Carrier 5 62.5
Major 1 12.5
Equivocal 2 25
Tertiary Screening

DNA mutation by ARMS 2

Thalassaemia Carrier 1 50
Normal 1 50
Total Number of normal 65 345
Total Number of Carriers 117 62.2
Total Number of ?-homozygous 6 3.1

MCV: Mean Corpuscular Volume. MCH: Mean Corpuscular Haemoglobin. Hb:
Haemoglobin. HPLC: High performance liquid chromatography. DNA:
Deoxyribonucleic acid. ARMS: Amplification refractory mutation system.

Table-2: Haematological comparison between carriers and normal
individuals.

Group Hb (g/dL) MCV (Fl) MCH (pg) Hb A2 (%)
B-thalassaemia Carrier 10.7 + 1.4 66 + 8 19425 11.93+£0.5
Normal 11.8+1.7 79+9 25+35 2+0.01

Hb: Haemoglobin. MCV: Mean Corpuscular Volume. MCH: Mean Corpuscular
Haemoglobin.
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Table-3: Hematological data of six asymptomatic cases of
B-thalassaemia intermedia.

Hb (g/dL) MCV (Fl)  MCH (pg) Hb A2 and Hb F%
8.2 77 23 Hb A2 0% , Hb F-100%
6.8 71 23 Hb A2 3% , Hb F-97%
9.6 61 19 Hb A2 6% , Hb F-94%
8.4 63 19 Hb A2 0% , Hb F-100%
7.9 79 26 Hb A2 1.74% Hb F 29.97%
9 57 19 Hb A2 2%, Hb F 98%

Hb: Haemoglobin. MCV: Mean Corpuscular Volume. MCH: Mean Corpuscular
Haemoglobin.

+ 2.5 and 11.9 + 0.5 respectively whereas in normal
individuals they were 11.8 £ 1.7, 79 £ 9, 25 £ 3.5 and, 2 +
0.01 respectively (Table-2).

Six asymptomatic siblings were identified as being
consistent with B-thalassaemia major/intermedia (Table-3).

Discussion

Preventive screening programmes to identify
carriers are being used by many countries where
thalassaemia is a common disease. The various approaches
used are population screening, high-risk group screening,
antenatal screening, and extended family screening (cascade
screening). For carrier identification, studies have used
extended family screening (inductive screening) in a
Pakistani population with high rate of consanguineous
marriages.>"12 They were successful in identifying 31% and
44.4% of thalassaemia carriers respectively among the
relatives of thalassaemia children. An Indian study carried
out pre-marital screening for thalassaemia carriers in
extended family members of previously diagnosed cases,
unmarried adult cases of anaemia attending the hospitals'
outpatient department (OPD) and adult college students.!3
The yield of carriers from extended family, OPD and
college students was 58.6%, 16.1% and 2.87% respectively.
Through extended family screening, another Indian study
screened 691 individuals and identified 151 (21.9%) as
being carriers. !4

One study in India studied attitudes of 200 families
of index cases towards extended family screening;!> 20
percent expressed an unfavourable reaction and preferred to
be secretive about their child having thalassaemia to avoid
social stigmatisation. Similar responses were witnessed by
us; the main reason being the lack of awareness and
education among parents and relatives of children with
thalassaemia major.!6 Immediate family screening is a way
forward as evidenced by identification of 62.2% of siblings
being carriers as opposed to 5-8% carriers in the general
population. On the basis of the prevalence of B-thalassaemia
carriers reported earlier,> we would have had to screen about
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1880 people in the general population to identify 100
carriers. Further, minimal efforts were required to create
awareness and to do counselling in our group of individuals.

This is not to advocate the abandonment of extended
family screening altogether; rather, it's a strategy to
overcome this roadblock as 96% parents of affected
children after being counselled and educated about the
disease were ready to share information with their
relatives.!?7 School screening programmes for carrier
identification in France!8 and Canada!® have accomplished
success, whereas the Indian experience did not have the
desired impact.20 Therefore, this seems to be one of the most
cost-effective and practical approaches to identify beta
thalassaemia carriers and to start a national screening
programme. Evidence exists in the literature for acceptance
of screening programmes, prenatal diagnosis and genetic
counselling by the immediate and extended family of the
index cases. The need of the hour is to use public-private
partnership to develop a good network for the optimum care
of children with P-thalassaemia, for education, for
screening to identify carriers and for genetic counselling in
a cost-effective way.

Other options for screening need to be considered
and their feasibility needs exploration. Those include
targeting mainly school and college students, screening of
pregnant women in antenatal clinics, and screening carriers
in early pregnancy to avoid women being stigmatised or
having to conceal their carrier status.2!-22 Only then, we can
have a well coordinated national approach towards
screening which can be integrated into health services for
patients just like immunization plans. Thalassaemia
screening can even be made mandatory as well. An
important component of a screening programme is to
identify and counsel carriers using combination of
approaches. Special emphasis needs to be laid on public
education and public health surveillance. Community
education needs to be clear and precise for the public to
completely understand and comprehend the take-home
message along with the aims and objectives of the
programme. Lessons should be learnt from the failure of
insufficiently planned and poorly communicated Sickle Cell
Screening campaign of USA back in 1970. The difference
between carrier status and homozygous condition needs to
be clear to the lay population to avoid carriers being
stigmatised and screening being rejected by the target
population.23

Conclusion

Screening of immediate family members of
thalasaemia patients is more effective than screening in
other groups, and, hence, has the potential to lead to a
nationwide programme for control of thalassaemia and
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related haemoglobinopathies. For the
implementation of any prevention and

successful
screening

programme, services should not vary in approach or
executed in a piecemeal fashion.
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