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The births of children with thalassaemia major and clinically
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prevented
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The

estimated cost of preventing the birth of an affected child is less
than the cost of treating the same child for about a year. In
populations where these disorders are common prevention is a
fundamental requirement. Thalassaemia prevention programmes
in the Mediterranean and more recently in Iran have brought
down the birth rate of the affected children to almost zero.

The Mediterranean experience
In the early seventies thalassaemia carrier screening to prevent
marriage between two carriers was initiated in the Mediterranean
countries. But these efforts mostly remained unsuccessful. In the
early

eighties

prenatal diagnosis

of thalassaemia became

available and it gave a new dimension to the Mediterranean
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thalassaemia prevention programs. A remarkable reduction in the
new births of children with thalassaemia major was observed
(Figure 10.1). The success of the Mediterranean thalassaemia
prevention programs is mostly attributed to a political will by the
government, allocation of adequate funds and creating public
awareness through an organized campaign.
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Figure. 10.1. Decline in the birth incidence of thalassaemia major as a
result of the National thalassaemia prevention programmes.

The Iranian experience
The premarital carrier screening for thalassaemia in Iran was
made mandatory in 1997. This was followed by some decline in
the marriages between carrier couples. In Iran prenatal diagnosis
became available at selected places in 2000. But its use remained
very limited until 2005 when the Iranian parliament passed a bill
to allow termination of pregnancy for a fetus showing evidence of
severe handicap. This was followed by sharp increase in the use
of prenatal diagnosis and a very significant decline in the births
of children with thalassaemia major (Figure 10.2). The Iranian
thalassaemia prevention program is a leading example for
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countries like Pakistan. It highlights the significance of political
will by the Government, allocation of adequate resources and
creating awareness in the public as fundamental requirement for
thalassaemia prevention programme.
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Figure 10.2. A decline in the birth incidence/100,000 live births of
thalassaemia major after introduction of preventive programme in Iran.

Thalassaemia prevention program
The cardinal features of thalassaemia prevention programme in
the Mediterranean and Iran included:
1. Political will by the Government.
2. Public awareness.
3. Carrier screening.
4. Genetic counselling.
5. Prenatal diagnosis.

Political will by the Government
The first step towards initiating a thalassaemia prevention
program should be to get a political will by the Government who
are also the public health planners. A basic situation analysis at
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the National level is essential to determine the priorities. In the
absence of reliable epidemiological data, preliminary information
on trends, and hospital statistics may be useful. The funding may
be made available from the Governmental as well as the nongovernmental sources.

Public awareness
All programmes for the prospective control of thalassaemia in the
Mediterranean and Iran had an intensive awareness campaign
and involvement of the population. The public education was
achieved by mass media, posters, information booklets, and by
special teaching on thalassaemia in schools. More personal
approaches through lectures and discussions with the community
leaders of the population were very useful. The health care
workers and the paramedical staff played a major role in
implementation of the preventive programmes. In addition to the
public awareness the state authorities were informed about the
possibility of an ever increasing expenditure on the new cases of
thalassaemia if no control measures were taken.

Carrier screening
Thalassaemia is an autosomal recessive disorder. When both of
the parents have thalassaemia trait there is ¼ (25%) probability
that their child would have thalassaemia major (Figure 10.3). If
one of the parents has thalassaemia trait and the other is normal
then their children would not have thalassaemia major. The
simplest way to avoid the birth of a child with thalassaemia major
would be to avoid marriages between two carriers. This simple
concept, however, becomes challenging when it is applied to the
entire population of the country.

Screening strategies
Pakistan has

a population of over 200 million and the

thalassaemia carrier rate is ~5%. It is estimated that there would
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be approximately 10 million carriers of thalassaemia in Pakistan.
Diagnosing ten million carriers is a gigantic task. But even more
challenging would to locate them in the 200 million people. There
are three basic approaches through which these carriers can be
identified:
1. Screening before marriage (Premarital carrier screening).
2. Screening in early pregnancy.
3. Screening in the extended families with thalassaemia.

(A)

(B)

Figure 10.3. Inheritance of thalassaemia. (A) A child with thalassaemia
major (solid box/circle) is born only when both of the parents have
thalassaemia trait. (B) If one of the parents has thalassaemia trait and
the other is normal the children at the most would have thalassaemia
trait and none would have thalassaemia major.

Premarital screening of thalassaemia
Mandatory thalassaemia screening before marriage is widely
practiced in the Mediterranean countries where thalassaemia
carrier rate is 10-15%, the population is well informed, and also
understands the implications and consequences of being a carrier.
Majority of the population has access to reliable lab facilities for
testing of thalassaemia. The cost of testing is also covered by the
health insurance or the Government and no financial burden rests
on the individuals themselves. Premarital thalassaemia screening
is also compulsory in Iran since 1997.
109

Prevention
The premarital carrier screening enforced through law may not
be as effective in Pakistan as it has been in the Mediterranean
countries or Iran because of:
1. Low level of literacy.
2. Scarcity of good quality labs for thalassaemia screening.
3. Inadequate genetic counselling services.
The situation may be improved by educating the population
through media campaign and by providing widely available good
quality carrier screening and genetic counselling services free of
cost.

Thalassaemia screening in Pregnancy
Screening for thalassaemia in early pregnancy is a popular
approach in the UK and other countries with large number of
ethnic minorities from countries having high prevalence of
thalassaemia. If the screening shows that the woman has
thalassaemia then her husband is also screened. If the husband
also has thalassaemia then the couple is offered prenatal
diagnosis. A disadvantage of this approach is that the pregnancy
may be well advanced when the risk is discovered. A late testing
may produce significant emotional stress for the affected couples.
The screening in early pregnancy is impractical for Pakistan
because vast majority of the population lives in rural areas with
little or no access to qualified health care professionals and lab
services. However, the approach may be useful in major urban
areas of Pakistan.

Screening in extended families
WHO had suggested that screening in the extended families of
children with thalassaemia could identify a large number of
thalassaemia carriers. Since consanguineous marriage (cousin
marriage) is very popular in Pakistan it is expected that the genes
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for a recessive genetic disorder like thalassaemia would be
trapped in the extended family. This hypothesis was tested by
screening of the available members of ten large Pakistani families
with index cases of a genetic haemoglobin disorder. Each family
on an average was found to have ~30% thalassaemia carriers
(Figures 10.4) as compared to ~5% in the population at large.
Interestingly the testing in a control group of 400 individuals from
five large families with no apparent history of thalassaemia did
not find any carrier of thalassaemia (Figure 10.5). These
observations strongly suggest that due to the longstanding
tradition of cousin marriage the recessive genes like thalassaemia
are either trapped or are excluded from such families.
The extended family study strongly suggests that the genes for
thalassaemia or other recessive disorders have a non-random
distribution in the population. It could well be possible that 5-10%
of the families, rather than the individuals, in Pakistan have
thalassaemia and the vast majority of the families may be
completely free from these disorders. The finding has an
enormous practical importance in defining the approach for
thalassaemia screening in Pakistan. For obvious reasons the best
approach for carrier screening in Pakistan should be to focus on
the families that harbor most of the carriers.
A very large number of children with thalassaemia major are
registered with several Non-Governmental Organizations (NGO)
in Pakistan. Substantial progress can be made if the families of
the registered children are targeted for thalassaemia screening.
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Figure 10.4. Thalassaemia screening in the extended family of a child with thalassaemia major (arrow). A large
number of carriers in the youngest generation are detected. In addition to the index couple (blue shading) another
at risk couple (green shading) is also identified.
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Figure 10.5. Screening in the extended family with no apparent history of thalassaemia. There is not a single
thalassaemia carrier in over 150 individuals tested in this family.
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The extended family screening would also provide a lead for
identifying more families to be screened (cascade screening). It
is expected that this could identify majority of the thalassaemia
carriers in Pakistan. There are many other advantages of the
family based approach for thalassaemia screening.
1. The families already understand the condition because of
the affected child present in the family.
2. It avoids the problem of low level of literacy, because the
information

and

the

personal

experiences

are

communicated directly to the other affected families
attending the treatment centres.
3. It avoids the problem of a weak healthcare infrastructure
because it can be run from the centres where thalassaemia
is diagnosed and treated.

Premarital screening in the index families
The premarital thalassaemia screening can be made highly
effective if it is done on the extended families of children with
thalassaemia. The screening may be done on voluntary basis or
through legislation. The prospective couples may be offered a
compatibility testing without disclosing their identities. If the
testing shows both of the prospective partners to be carriers then
they may be advised against that marriage or to use prenatal
diagnosis if the marriage is unavoidable.
Stigmatization is an obvious disadvantage of screening in the
families selected because of a genetic disease. The issue is very
sensitive and should be handled with great care. An extreme
degree of confidentiality would be the key to success.

Population based screening of thalassaemia
Carrier detection methods should be able to pick -thalassaemia,
Hb-S, Hb-E and -thalassaemia because the co-inheritance of
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any of these may result in symptomatic thalassaemia syndromes.
The detection methods should also be able to suspect and confirm
atypical

-thalassaemia

carriers.

The

ideal

thalassaemia

screening methods may prove cost ineffective for large scale
population based program. In order to keep the cost of testing
within reasonable limit while not missing too many carriers the
red cell indices are used as a first line screening test.
Haemoglobin electrophoresis or HPLC is done when red cell
indices are below the cut off limit. PCR can be used to confirm the
atypical carriers. This approach can detect most of the significant
genetic haemoglobin disorders.

RBC indices in screening of thalassaemia
There are many RBC indices that can be used for screening of
thalassaemia. In a typical β-thalassaemia trait TRBC is high, MCV
and MCH are low and RDW is not increased. Many complex
formulae using RBC indices have been proposed to screen for
thalassaemia or to differentiate between thalassaemia and iron
deficiency. These formulae are too complex and impractical for
routine use. There is a lot of overlap between the results of RBC
indices in early iron deficiency and thalassaemia trait. It is also
not uncommon to find people who have co-existing iron deficiency
and β-thalassaemia trait. Therefore the use of complex formulae
to suspect thalassaemia or to differentiate it from iron deficiency
is not recommended. Out of all parameters MCV and MCH are the
simplest and the most informative in screening for thalassaemia.
In a population based screening programme for thalassaemia red
cell indices are the best first line investigation for suspecting
thalassaemia.

Cut-off value of MCV and MCH
The cut off value of MCV and MCH for suspecting thalassaemia is
critical. Choosing a high cut off value can pick most cases of
thalassaemia but it would increase the cost by increasing the
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numbers of electrophoresis/HPLCs required. Choosing a low cut
off value may reduce the cost but it can miss many people with
thalassaemia trait. The MCV/MCH in the Pakistani β-thalassaemia
carriers (Figure 10.6) shows that at a cut off value of MCV < 75
fl and MCH < 25 pg approximately 3% of the β-thalassaemia
carriers may be missed. Those missed would mostly include the
atypical β-thalassaemia carriers. Out of the MCV and the MCH the
latter is more sensitive in identifying the unusual forms of thalassaemia trait. It is pertinent to note that by increasing or
even removing the upper cut off limit majority of the atypical βthalassaemia carriers would still be missed.

One tube osmotic fragility test (OTOFT)
Microcytic red cells are resistant to osmotic lysis. When placed in
a hypotonic saline solution the normocytic red cells are lysed
whereas

the

microcytic

red

cells

are

not

lysed.

Since

thalassaemics have microcytosis one tube osmotic fragility test
(OTOFT) may be used for initial screening of thalassaemia
(Chapter 12). OTOFT is a screening test for microcytosis. It would
give a positive result in thalassaemia as well as iron deficiency.
OTOFT may give false positive result but it rarely gives a false
negative result. Therefore a person with negative OTOFT is
unlikely to have typical thalassaemia trait. While a positive OTOFT
warrants further testing for thalassaemia its high negative
predictive value can be very useful in excluding the individuals
from further testing in a field trip.

Analysis of haemoglobin fractions
At alkaline pH haemoglobin is negatively charged. The solution of
haemoglobin, when placed in a porous medium between the two
electrodes, starts moving towards the positive pole. Different
fractions of haemoglobin carry different amount of charge and
therefore move at varying speeds.
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Figure 10.6. MCV and MCH in 264 PCR proven Pakistani individuals with
β-thalassaemia trait. Out of the 264 people 6 (2.3%) had MCH >25pg
and 7 (2.7%) had MCV >75fl (highlighted by circles).

Cellulose acetate membrane electrophoresis (CAME)
The cellulose acetate membrane is the cheapest and the most
commonly used medium for separation of haemoglobin fractions.
It gives good separation of the normal and the common abnormal
haemoglobins (Figure 10.7). The results of CAME can be read by
spectrophotometry

after

elution

of

the

fractions

or

by

densitometry. Densitometry is good for the estimation of large
fraction like Hb-S or Hb-F. But it is not recommended for
estimation of minor fractions like Hb-A2. Hb-A2 estimation is
better done by spectrophotometry of the eluted fractions after
electrophoresis. The method, however, is time consuming and
labour intensive. It may be useful for the medium to small sized
diagnostic labs but it is not recommended for large scale
population screening.

Agarose gel electrophoresis
Haemoglobin electrophoresis can also be done on very thin
agarose gels made on polyester films (GelBond®). Many
commercial kits are available that use agarose on GelBond® films.
The agarose gel based method gives excellent separation of the
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haemoglobin fractions (Figure 10.8) but the gels are expensive
as compared to the cellulose acetate membranes.

Figure 10.7. The results of cellulose acetate membrane electrophoresis
stained with Ponceau S stain. Lane 1 is a normal adult, lane 2 shows
bands of Hb-S and Hb-F in patient of sickle/β-thalassaemia, lane 3 & 4
are the two parents. The results may be read on a densitometer for
quantitative estimation of the major fractions.

1

2

3

4

Figure 10.8. Agarose gel electrophoresis of haemoglobin stained with
Paragon blue. Lane 1 shows thalassaemia trait with raised Hb-A2, lane
2 shows Hb-F, lane 3 is Hb-D with raised Hb-A2 and lane 4 is normal
adult with Hb-A and normal Hb-A2.
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Capillary electrophoresis
The haemoglobin can be electrophoresed through a thin bore
capillary at very high voltage (~10,000 volts). The procedure is
automated from sample loading to its reading and the results are
recorded with high degree of accuracy and precision (Figure
10.9). For example on a capillary electrophoresis it is also
possible to separate Hb-E and Hb-A2 whereas the same cannot be
done on CAME. Capillary electrophoresis is also good for accurate
estimation of Hb-A2. Automation and reliable estimation of Hb-A2
make capillary electrophoresis a good choice for large diagnostic
labs and population screening.

Figure 10.9. The results of capillary electrophoresis. Each peak
represents a haemoglobin fraction. The quantity of any fraction is
measured by the area of the peak.

High Performance Liquid Chromatography (HPLC)
HPLC is an analytical technique in which a sample mixture in a
solvent (known as the mobile phase) is pumped at high pressure
through a column with an adsorbent material (stationary phase).
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The mixture separates into its components depending on the rate
at which each component is adsorbed and eluted.
HPLC may be used for separation of a variety of mixtures of
samples. Haemoglobin being a mixture of many normal and
abnormal variants can also be separated by HPLC. While passing
through the HPLC column the mixture of haemoglobins gets
adsorbed on to the resin. At a particular pH and ionic strength of
the buffer different haemoglobin fractions elute from resin at
different rates. The time taken by a fraction to elute is called its
“retention time”. To know about the normal or the abnormal
variants the retention times are compared with that of a standard.
Because

of

the

large

number

of

operating

parameters

interpretation of the results of HPLC requires considerable
expertise. Hb-A, for example, separates into Ao and A1 and A1
may further separate into several fractions or peaks (Figure
10.10). The amount of glycosylation of the fractions also
complicates the retention times of the variants. The advantage of
HPLC lies in its accuracy, precision and automation. While
investigating a genetic haemoglobin disorder accuracy is mostly
required in the estimation of Hb-A2 and it can be done by HPLC.
HPLC can also be used to detect all types of clinically significant
abnormal haemoglobins. HPLC can be useful for large labs and for
population screening.

The method of choice
Large scale screening for thalassaemia carriers should preferably
be done on an automated analyzer. Manual methods involving
CAME are cheap but labour intensive and are not suitable for large
number of samples. Table 10.1 shows a comparison of the cost
and the performance of three available methods.
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Figure 10.10. The results of HPLC showing the peaks of raised Hb-A2
in thalassaemia trait. The Hb-A fraction comprises more than one peaks
and a small peak of Hb-F is also seen.

Table 10.1. Comparison of CAME, capillary electrophoresis and HPLC
for thalassaemia screening.
CAME

Capillary
Electrophoresis

HPLC

Cost of equipment

0.1 Million

~1.8 Million

~2.0 Million

Throughput/hour

5/hour

8/hour

8/hour

Processing

Manual

Automated

Automated

Cost per test (Rs)

100

300

600

A suggested screening strategy
A strategy for the population screening of thalassaemia in
Pakistan is shown in Figure 10.11. The first line screening may be
done by MCV and MCH. OTOFT followed by red cell indices may
also be used as a first line screening method. The people who
have MCV >75fl and/or MCH >25pg can be declared free of
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thalassaemia. But if their spouses are known β-thalassaemia
carriers then they should be tested by PCR for the atypical βthalassaemia trait. In the people with MCV <75 fl and/or MCH
<25 pg haemoglobin electrophoresis or HPLC should be done for
Hb-A2 estimation. If Hb-A2 is >3.5% β-thalassaemia trait is
confirmed and the person should be counselled. Those with HbA2 level between 3.1-3.4% may have atypical β-thalassaemia
trait and should be tested by PCR. The individuals with Hb-A2
<3.0% “most likely” do not have β-thalassaemia trait and may
be reassured. The PCR for thalassaemia should be done if at any
point atypical β-thalassaemia is suspected.

Limitations of the screening strategy
The screening strategy described above has few limitations. At
the prescribed MCV/MCH cut off limit the individuals with atypical
β-thalassaemia trait (approximately 3%) may be missed. To safe
guard against this it is recommended to test the spouses of known
β-thalassaemia carriers by PCR even if they have normal red cell
indices. Another limitation is that Hb-S trait may be missed
because its red cell indices are normal. The Hb-E trait may not be
missed because it has borderline low red cell indices. Hb-D would
also be missed, but since it is a clinically silent and insignificant
abnormality, missing it would not make any difference. The only
risk of Hb-D is when it combines with Hb-S. This is an extremely
rare

combination

and

cannot

make

a

justification

for

electrophoresis or HPLC in every individual.
The policy of doing PCR in the spouses of known carriers can also
pick Hb-S or Hb-E. In the extended family screening it is
recommended to do electrophoresis/HPLC and PCR of the index
patient at the beginning of the screening. If the index child has
Hb-E, or Hb-S, or Cap+1 mutation then the entire family should
be screened without taking into account the red cell indices.
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Figure 10.11. A strategy for the population based screening of thalassaemia in Pakistan.
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For example if the initial testing shows Hb-S or Hb-E in the family
then the screening should be done by electrophoresis rather than
red cell indices. Similarly if the initial investigation in the index
case shows Cap+1 mutation then the testing should be done by
PCR and not electrophoresis.

Genetic counselling
Genetic counselling aims at providing information about the cause
of genetic disease and replacing misunderstandings with correct
information. It endeavours to increase people’s control on their
own and their family’s health by informing them of the resources
available for diagnosis, treatment, and prevention.
In the Pakistani setting ethical principles of genetic counselling
need to be formulated in the light of social and religious beliefs
particularly with reference to consanguineous marriage, prenatal
diagnosis, and termination of pregnancy. Counselling should be
non-directive and any mandatory measures restricting individual
freedom should be avoided because this may have negative
effect. Basic principles of genetic counselling include:
1. Autonomy of the individual or the couple.
2. Right to complete information.
3. Confidentiality.
Pakistan has a variety of ethnic populations and several regional
languages. Counselling can be greatly facilitated when counsellor
has the same cultural, religious, and linguistic background. It is
generally based on a private interview with the carrier or the
couple. The main components of genetic counselling are:
1. Explanation of nature, prognosis, and treatment of the
disorder.
2. Estimation of genetic risk for the family members.
3. Options for avoiding the genetic risks.
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4. Supporting the individual or the couple in making the right
decision.

Counselling of thalassaemia carriers
Carrier screening before marriage and genetic counselling are
regarded as the key to prevention of thalassaemia. Most
marriages in a Pakistani setting are complex social phenomena
involving two families rather than two individuals. Some
obligations like marriage within the family or the biradri/tribe or
the same ethnic group are difficult to deal with. In many parts of
the country exchange marriage (watta-satta) is also common.
Introducing restrictions on marriage choices due to a genetic
disease in this complex scenario is a challenge in itself.
Regardless of the complexities of the marriage choices the
following issues also need to be addressed while counselling
thalassaemia carriers:

Illiteracy
The concept of inheritance of a genetic disorders is learnt better
with better education. But it should not be assumed that an
illiterate person cannot understand this. There may be situations
where even the well educated people fail to understand or
perhaps do not want to understand these concepts. Similarly in
many situations even the most uneducated people may blindly
follow what they are told to do. In Pakistan where the level of
awareness and education is low the genetic counsellor, in addition
to providing information and giving informed choice, may have to
help in making the right choice. The counsellor should not be
over-directive or the individuals may feel guilty about their
choice. The explanation can be made more effective by using
visual aids and illustrated booklets. The counselling may have to
be repeated at multiple occasions to refresh the previous
knowledge. The refreshing counselling sessions may be in the
form of brief visits or through postal reminders.
125

Prevention
The counselling can be easier if the person has already seen an
affected child. In the extended family screening most members
have at least some knowledge about the affected child’s illness.
This is a significant advantage especially when literacy rate is low.
It would be unrealistic to make illiterate people believe that they
carry the gene of a severe genetic disease that they have never
seen previously. The counselling should be easier and more
effective for the members of a family having children with
thalassaemia.

Confidentiality
Keeping the results of the screening confidential is another
important factor in counselling. Most people would not like their
carrier status to be known to the others. The foremost fear is of
rejection as a spouse. During screening in the extended families
maintaining confidentiality is important as well as challenging.
Most of the marriages in Pakistan are arranged within a small
group of family members and many would not like the carrier
status of their children to be known to the others. Since most
decisions about marriages in the family are taken by the parents
or the grandparents the best would be to handover the results of
screening to the responsible elders in the family who are involved
in decision making.

Stigma
In Pakistan genetic diseases like thalassaemia are often taken as
a stigma for the affected person or the family. Main concern is
the fear of passing on the genetic disease to the future
generations. Quite often people prefer to hide the carrier status.
Where rejection is feared the carrier testing may be done after
marriage but before pregnancy. If testing after the marriage finds
the couple to be at risk then prenatal diagnosis may be used.
The counselling of carriers should also include efforts to reduce
the stigma. Informing the carriers about their natural resistance
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to falciparum malaria or ischaemic heart disease may be useful.
In the extended family screening there is a possibility that the
family as a whole may be stigmatized. In a rural set up where
only a few families are residing it is essential to ensure complete
confidentiality. The sampling should not be done in the open or in
front of the unrelated people.

Consanguineous marriage
Over 50% of the marriages in Pakistan are between close
relatives and nearly 90% are within the same biradri or the tribe.
This practice is going on since time immemorial and the frequency
of consanguineous marriage does not appear to be decreasing
with

time.

There

is

clear

scientific

evidence

that

the

consanguineous marriage increases the risk of recessive genetic
disorders. However, the harm is significantly less than the
generally believed.
The outcome of consanguineous marriage should not be viewed
solely in the light of scientific knowledge. There are numerous
social and economic benefits of this practice. Our current state of
knowledge tends to be overly focused on the undesirable clinical
outcome of a cousin marriage which affects only a minority of the
families and the individuals. The children of most of the
consanguineous

couples

do

not

have

identifiable

harmful

biological effects and for them the social and economic benefits
of consanguineous marriage appear quite obvious and natural.
This leaves a dilemma for the medical professionals whether to
discourage the practice on medical grounds or not? Attempts to
discourage the practice on genetic grounds alone can do more
harm than good. An understanding of the genetic implications of
consanguineous marriage is essential for developing appropriate
genetic services. An appropriate and acceptable solution would be
to establish educational programmes and to provide counselling
and carrier screening if available for the families who already have
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a child with recognizable genetic disorder or when there is an
unfavourable family history. This is clearly possible in case of
thalassaemia as the carrier screening is simple and relatively
cheap.
In Pakistan the progress in developing screening programmes for
the genetic disorders may be slow because of the limited
resources available. But a strategy to identify and diagnose
genetic risk is required for the future. Genetic haemoglobin
disorders are a good example to pilot and develop the approach.

Counselling for prenatal diagnosis
At present most of the couples who seek genetic counselling in
Pakistan are already married and who have one or more affected
children. A choice to have no further children may be relatively
simple for the couples who have several healthy children. This
choice may be difficult for the young couples. Prenatal diagnosis
for thalassaemia is technically feasible and it is also accepted by
majority of the retrospectively identified couples at risk. The
availability of prenatal diagnosis can reduce stress, stigma and
fear within the families.
The prenatal diagnosis can play a pivotal role in the prevention of
thalassaemia in Pakistan. Therefore sustained efforts are needed
for counselling of the couples who already have children with
thalassaemia and who report to the treatment centres.

Prenatal diagnosis of thalassaemia
Prenatal diagnosis is done to know the presence of diseases like
thalassaemia in a fetus before it is born. The basic objective is to
give an informed choice to the parents. If the fetus is affected by
a serious disorder the parents have the choice to accept it or to
get the pregnancy terminated. The test is usually offered to the
couples who are at risk of giving birth to a child with genetic
disorder. It is also done in all subsequent pregnancies (Figure
128

Prevention
10.12).

Prenatal diagnosis in the other countries
The Mediterranean thalassaemia preventive programmes based on
carrier detection and genetic counselling alone were not effective
in reducing the birth incidence of thalassaemia major. The
introduction of prenatal diagnosis gave a new dimension to all such
programmes. The introduction of prenatal diagnosis led to a sharp
decline in the birth incidence of thalassaemia major. Similar results
have also been observed in Iran since 2005 when the termination
of pregnancy for serious defects in fetus was legally allowed.

Figure 10.12. The principal of prenatal diagnosis. In a couple at risk
the fetal sample is tested in the lab. If the testing shows the fetus to be
normal or to have thalassaemia trait, the parents are reassured. If the
fetus is affected then the parents have the choice to get the pregnancy
terminated or to accept the affected child.

Identification of the couples at risk of thalassaemia
When a couple have thalassaemia trait they are at risk of giving
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birth to a child with thalassaemia major. The carrier couple are
mostly identified “retrospectively” when they have a child with
thalassaemia major. Less commonly the couple at risk may be
identified “prospectively” without having an affected child. It may
be the result of premarital carrier screening either voluntarily or
through extended family screening.

Retrospective or prospective identification
The programmes designed to reduce the birth incidence of thalassaemia

major

prospectively

include

identified

the

couples

retrospectively
at

risk.

and

the

Retrospective

identification of the couples, though very useful for the individual
couples, has limited effect on the birth rate of affected children in
the community. The complete control on the new births of
thalassaemia major in a community cannot be achieved unless
efforts are focused on the prospective identification of couples.
Prevention programmes in the Mediterranean also focused
initially on the couples who already had affected children. As the
programme

gained

momentum

focus

shifted

from

the

retrospective to the prospective identification of at risk couples.

Fetal sampling
Prenatal diagnosis was initially done by globin chain synthesis
ratio on fetal blood obtained in mid trimester gestation by
fetoscopy or placental aspiration. The practice has now shifted to
first trimester fetal diagnosis by chorionic villus sampling (CVS).
In-vitro fertilization and embryo transfer has also enabled
diagnosis to be carried out on just a few cells obtained from the
embryo

prior

to

implantation

(pre-implantation

genetic

diagnosis). Fetal cell free DNA in maternal circulation is also being
used for the diagnosis of fetal genetic disorders. But the cell free
DNA analysis for prenatal diagnosis of thalassaemia remains
complex and impractical especially for a country like Pakistan.
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Chorionic villus sampling (CVS)
Chorionic villi, representing the fetus, can be aspirated either by
trans-abdominal or trans-cervical route. The procedure is usually
done after the tenth week of gestation. The CVS done earlier than
ten weeks carries the risk of fetal limb reduction defects. The best
time for CVS is around eleven or twelve weeks when the placenta
is of sufficient size allowing easy aspiration. There is no upper
time limit for the CVS but keeping in view the “Islamic views” on
termination of pregnancy CVS is usually not done after 16 weeks
of gestation.
CVS is done under local anaesthesia and no hospital admission is
required. In Pakistan almost all of the procedures are done by
trans-abdominal route. Many patients experience abdominal
cramps for a day or two after the procedure that are relieved by
paracetamol. Mild spotting may be experienced by a few that may
need bed rest for a couple of days. The risk of miscarriage after
CVS is around 1-2%. The risk, however, is operator dependent.
The details of the procedure are discussed in Chapter 15.
CVS can be done at a remote place and it can be sent to a DNA
lab for testing. The details of how to send a CVS for DNA analysis
are given in Chapter 15.

Amniocentesis
Amniotic fluid contains a large number of desquamated fetal cells.
However, the number of cells is far less than those obtained by
CVS. Amniocentesis is now rarely used for prenatal diagnosis of
thalassaemia because it is not safe before 15 weeks of gestation.
Amniocentesis is mostly done for cytogenetic analysis. It can be
done when a low lying posterior placenta is not accessible for
CVS. The procedure is relatively simple and is done with
disposable spinal needle under the ultrasound guidance. Care is
required to avoid injury to the fetus. About 5-10 ml of fluid
aspirated after 15 weeks gestation can yield sufficient fetal cells
131

Prevention
for prenatal diagnosis of thalassaemia.

Cell free DNA
Several studies have shown that cell free DNA of fetal origin in
maternal blood can be used for the diagnosis of genetic disorders
in the fetus. The technique is gaining popularity for the noninvasive prenatal diagnosis of fetal trisomies. But due to technical
reasons

it

is

not

yet

feasible

for

prenatal diagnosis

of

thalassaemia. Even if it becomes technically feasible the test is
far more costly than the CVS based prenatal diagnosis.

Lab diagnosis
Prenatal diagnosis of genetic haemoglobin disorders is mostly
done by direct mutation analysis. Occasionally linkage analysis
may be required when the parent’s mutations are not identified.

Mutation analysis
Over 200 different mutations are known to cause β-thalassaemia.
However, each ethnic population has its own set of common and
uncommon mutations. Therefore it is essential to have a
knowledge about the frequency of the mutations in the target
population. The prevalence of different β-thalassaemia mutations
in the major ethnic groups of Pakistan is discussed in chapter 4
(Tables 4.4-4.6).
The first step in prenatal diagnosis of β-thalassaemia is to identify
the parent’s mutations. In the next step the fetal DNA is tested
for the parent’s mutations. The mutation analysis may be done
by Amplification Refractory Mutation Analysis (ARMS), dot blot
analysis, real time PCR or genomic sequencing.

Amplification Refractory Mutation System (ARMS)
ARMS, also known as allele specific PCR, is the cheapest and the
most commonly used method for detection of point mutations
causing

thalassaemia.

The

ARMS
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match/mismatch between the target sequence and the 3’ end of
the ARMS primer. The PCR is done under stringent conditions that
allow ARMS primer to anneal only to its specific target sequence.
Each mutation is identified by a separate allele specific primer. At
first the common mutations including Fr 8-9, IVSI-5, Fr 41-42,
IVSI-1, and del 619 are tested. If the mutation is not identified a
second round of PCR is done to identify the uncommon mutations.
The ARMS PCR can be made cost effective by multiplexing the
ARMS primers for several mutations in one PCR reaction vial.
Three multiplex mixtures can identify 12 different mutations. The
multiplex ARMS PCR in addition to being cost effective also saves
time. Details of the ARMS PCR are given in chapter 14.

Dot blot analysis
Dot blot method of mutation detection involves immobilization
and denaturation of the PCR amplified products to a nylon
membrane

followed

oligonucleotide

by

probes.

hybridization
Under

with

stringent

allele

specific

conditions

an

oligonucleotide probe complementary to an allele will hybridize
only with that allele. All allelic variants can be identified by using
specific probes. In the reverse dot blot the allele specific
oligonucleotide probes are immobilized on a nylon membrane and
hybridization is done to a biotinylated PCR product. The reverse
dot blot has the advantage of simultaneous analysis of several
mutations in a single test.

Real Time PCR
High Resolution Melting Curve Analysis (HRMCA)
In the HRMCA regions of the β-globin gene are amplified in
multiple overlapping fragments by the real time PCR method. The
amplification reaction also contains a double stranded DNA
binding dye like SYBR green. At the end of the PCR high resolution
melting curve analysis (HRMCA) is done in which the fluorescence
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reading is measured by a special software at serially increasing
temperature of 0.1oC increments. The Tm of an amplified DNA
fragment containing a point mutation differs from that of its
normal sequence. The difference in the Tm of the two fragments
generates different melting curves (Figure 10.13).

Figure 10.13. HRMCA for β-thalassaemia mutations. The blue peak is
of the wild type (Normal) DNA and the red peak with slightly lower Tm
is of Fr 8-9 (+G) mutation.

In another type of HRMCA, region of the β-globin gene containing
one or more closely located mutations is amplified by a pair of
PCR primers. Instead of the SYBR the reaction contains a pair of
Fluorescence Resonance Energy Transfer (FRET) probes. The
FRET signal emitted from the reaction is used to generate the
melting curves of the mutant and the wild type alleles. The FRET
probe based HRMCA can also be multiplexed to identify several
mutations in one PCR reaction. Each point mutation generates its
specific melting curve that is identified by simultaneous running
of the known positive and the negative DNA controls.
The HRMCA requires an extensive optimization of the procedure
for the known mutations in the target population. The patterns
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generated by the heterozygotes, the homozygotes and all
possible compound heterozygote combinations in the target
population are required. The process is further complicated by the
presence of many SNPs in the β-globin gene. A considerable
expertise in the interpretation of the results is required. Once
optimized the HRMCA based method for the identification of βthalassaemia mutations can be used for large scale applications.

Hydrolysis probe method
The segment of β-gene containing the mutation is amplified by a
pair of primers and a hydrolysis probe (TaqMan® probe). A
separate pair of probes is required for the identification of each
mutation i.e. one for the mutant and the second for the normal
allele. The hydrolysis probes are typically labelled at the 5’-end
by a fluorescent dye and a quencher at the 3’-end. When a probe
anneals to its target the fluorochrome is detached from the probe
and

starts

emitting

fluorescence.

The

procedure

can

be

multiplexed for several mutations in one reaction if multi coloured
fluorescent dyes are used on each probe.
The hydrolysis probe based real time PCR for the β-thalassaemia
mutations is more specific than the HRMCA. It can be used for
high throughput applications but it is expensive because it
requires two separate probes for each mutation.

Genomic sequencing
Most of the β-thalassaemia mutations are already known. But an
occasional patient may be seen to carry a novel or a previously
unreported mutation. In such patients genomic sequencing may
be required (Chapter 14).

Fetal diagnosis by mutation analysis
The fetal DNA is tested for the parent’s mutations. It can be done
by ARMS, dot blot, real time PCR, or genomic sequencing. Since
majority of the couples in Pakistan are consanguineous (cousins)
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they usually have identical mutations. Less commonly the couples
have non-identical mutations. When the parents have nonidentical mutations the fetal diagnosis is simple. If both of the
parent’s

mutations

thalassaemia

major,

are

present

one

of

the

in

the

two

fetus

it

indicates

mutations

indicates

thalassaemia trait, and none of the two mutations indicates a
normal fetus. When a couple has identical mutations the presence
of the mutation in fetus needs further testing to ascertain whether
the mutation is heterozygous or homozygous. The fetal DNA is
further tested for the normal allele of the mutation. A fetus having
the

parent’s

mutation

and

the

normal

allele

would

be

heterozygous whereas a fetus showing the mutation but no
normal allele would be homozygous (Chapter 15).

Fetal diagnosis by linkage analysis
In couples where β-gene mutation is not identified the prenatal
diagnosis can be done by linkage analysis. There are at least
seven single nucleotide polymorphisms (SNP) closely linked to the
β-globin gene. The SNPs are inherited en-block with the β-gene
and can be used to track its inheritance. The presence of a SNP
on a chromosome is marked “+” whereas its absence is marked
“-“. The SNP genotype on a homologus pair of chromosomes can
be “+/+, -/+, or -/-“.
The linkage based prenatal diagnosis is only possible when the
couple has a previously affected child whose DNA is used to mark
the parental chromosomes. Linkage analysis is not possible if any
of the parents is homozygous (+/+) for the marker. The linkage
based diagnosis may turn out to be incorrect if the marker and
the gene of interest dissociate from each other during the meiotic
crossover (Chapter 15).

Errors in prenatal diagnosis
The technical error rate in DNA based prenatal diagnosis is
approximately 1:200 (0.5%). The common causes of errors in
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prenatal diagnosis are:
1. Maternal contamination in the fetal sample.
2. Errors due to PCR (false positive or negative results).
3. Sample mix-up and clerical mistakes.
4. Meiotic crossover in linkage analysis.
5. Non paternity.

Maternal contamination in CVS
Mixing of the maternal and the fetal tissue in CVS is a common
cause of error in prenatal diagnosis. If the placental aspiration is
done close to the decidual plate it may be significantly
contaminated with maternal decidua. Very occasionally the CVS
comprises only the maternal decidua. CVS must be meticulously
dissected under a stereomicroscope to pick clean fetal tissue
(Chapter 15). Fetal tissue is recognized by the branched villous
structure and very fine blood vessels in the core of the villi. DNA
extracted from a CVS with significant maternal contamination can
result in amplification of the maternal mutant and the normal
alleles. This would cause the fetus having thalassaemia major to
appear as thalassaemia trait.
The maternal contamination in fetal DNA can be detected by Short
Tandem Repeat (STR) analysis. Careful dissection and cleaning of
the CVS under stereomicroscope is the best method to safeguard
against maternal contamination. Some labs regularly do STR
analysis to look for maternal contamination. But this adds to the
overall cost of testing and may not be feasible in the Pakistani
setting. Experience has shown that adequate cleaning of the CVS
is enough to prevent errors due to maternal contamination.

Errors due to PCR
PCR is a very sensitive technique that can give false positive as
well as false negative results. The ARMS PCR must be done under
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stringent conditions. Slight increase or decrease in the Taq
polymerase, problems with the ARMS primers, the PCR buffer and
the number of PCR cycles are all important in causing false
positive or negative PCR results (Table 10.2).

Quality assurance in prenatal diagnosis
The error rate in prenatal diagnosis should not exceed 0.5%. The
credibility of the service for prenatal diagnosis can be maintained
only by strict quality assurance. The prenatal diagnosis report is
final and the chance of repeating the test is usually not available.
A missed diagnosis of thalassaemia major becomes a lifetime
tragedy. Therefore every effort must be made to ensure the
quality. The following specific measures may help in keeping the
errors to a minimum:
1. CVS should be aspirated from the mid portion of the
placenta. A sample taken close to the decidual plate is more
likely to be contaminated with maternal tissue.
2. CVS should be adequately labelled with unique identifiers
especially if more than one samples are collected at the
same time.
3. CVS should be meticulously cleaned/dissected to prevent
maternal contamination. The samples should be transported
with minimum of delay. If a delay of more than 24 hours is
expected it is preferable to dissect the sample before
transport.
4. Use good quality PCR consumables. The primers have a
tendency to degenerate on repeat freeze thaws. It is best to
aliquot the PCR reagents.
5. Use optimum DNA concentration. Too little or too much DNA
can give erroneous results.
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Table 10.2. The causes of false positive and false negative ARMS PCR.
Cause

False Positive

False Negative

Taq Polymerase

>0.1 IU/reaction
Poor quality of Taq

<0.1 IU/reaction
Expired or poorly stored Taq

ARMS Primer

Poor design

Poor design
<5pmol/reaction
Degenerated/old primer
Primer dimers

PCR buffer

MgCl2 >2.5 mM

MgCl2 <1.5 mM
Incorrect pH
Degenerated or expired dNTPs

Annealing temperature

<65oC

>65oC

Number of cycles

>25

<25

6. Always include PCR internal controls. It is best to repeat the
runs when the internal control does not work.
7. The fetal DNA should always be run in duplicate.
8. Include known positives, negatives and reagent blanks. The
reagent

blank

contains

everything

except

the

DNA.

Amplification in the reagent blank indicates contamination
with extraneous DNA and it should invalidate the result.
9. Most of the errors in prenatal diagnosis are seen in fetal
diagnoses of thalassaemia trait. This is because maternal
contamination in CVS can make any fetal diagnosis look like
thalassaemia trait. In a lab that routinely does prenatal
diagnosis

the

proportion

of

fetal

diagnoses

with

“thalassaemia trait”, “thalassaemia major” and “normal”
should be checked at regular intervals. The proportion of
thalassaemia traits should be very close to 50%. A
proportion significantly greater than 50% should ring the
alarm bell. Similarly the proportion of “thalassaemia major”
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and “normal” should be close to 25%. A higher proportion of
“thalassaemia major” or “normal” should lead to check on
the integrity of the ARMS primers for the “normal” or the
“mutant” genes respectively.

Prenatal diagnosis in Pakistan
The first clinical service for prenatal diagnosis of thalassaemia in
Pakistan became available in 1994. Since then over 15,000 tests
have been done all over Pakistan (Figure 10.14). At present this
facility is available at six centres. The numbers of prenatal
diagnoses have gradually increased to nearly 2000 per year.
Nearly 50% of the couples who requested prenatal diagnosis for
thalassaemia in Pakistan had already used the test. Keeping in
view

the

anticipated

5000

news

birth

of

children

with

thalassaemia major it is estimated that each year in Pakistan
approximately 20,000 prenatal diagnoses would be required. The
vast majority of the couples seek prenatal testing before 16
weeks of gestation and very few couples come late (Figure
10.15). This is almost exclusively because of the religious verdict
regarding the permissibility of termination of pregnancy.
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Figure 10.14. The prenatal diagnosis of thalassaemia in Punjab and
Khyber Pakhtunkhwa between 1994 and 2017.
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Figure 10.15. The weeks of gestation for prenatal diagnosis for
thalassaemia in Pakistan. Majority of the couples come before sixteen
weeks of gestation.

Most of the couples requesting prenatal diagnosis of thalassaemia
in Pakistan already had one or more affected children. The
number of prospectively identified couples requesting prenatal
diagnosis has gradually increased over the past several years but
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the overall proportion of such couples still remains less than 5%.
A sustained effort for prospective identification of the couples at
risk of thalassaemia is required if the dream of thalassaemia
prevention in Pakistan is to come true.
The efforts on thalassaemia prevention in Pakistan are overtly
focused on the carrier screening. The carrier screening is important
for thalassaemia prevention but in a typical Pakistani setting
premarital disclosure of the risk of thalassaemia could be a major
limiting factor. Under these circumstances prenatal diagnosis could
play a major role in the prevention of thalassaemia in Pakistan.
Unfortunately prenatal diagnosis has not received adequate
attention. There is a need to expand the services of prenatal
diagnosis all over the country. The facility of chorionic villus
sampling (CVS) should be made available at Tehsil or District
headquarters hospital level. The CVS done at remote places can be
easily sent to the regional DNA labs.

Impediments to prenatal diagnosis in Pakistan
The results of a survey done in 2007 to find out the impediments
in the use of prenatal diagnosis at a centre in Pakistan showed
that out of the 215 mothers interviewed, 149 (69%) had a
pregnancy following the birth of their registered child with
thalassaemia. Out of the 149 pregnant mothers, only 59 (40%)
had used prenatal diagnosis.
The main reasons for not using prenatal diagnosis included lack
of awareness (23%), high cost (23%), poor access to facility
(17%), delay in seeking (16%), advised against the test (12%)
and religious beliefs (9%) (Figure 10.16). A significant increase
in the use of prenatal diagnosis was observed with increasing
mother’s education. Lack of awareness and high cost of the test
were the main reasons for not using prenatal diagnosis when it
was required.
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Figure 10.16. The reasons for not using prenatal diagnosis of
thalassaemia when it was required.

Pre-implantation genetic diagnosis (PGD)
The in-vitro fertilized embryos can be screened for genetic
abnormalities including thalassaemia. The embryos are sampled
by polar body or tropho-ectoderm biopsy. The DNA from the
biopsied cells is amplified by nested PCR (two step amplification).
The embryos found healthy after screening are used for
implantation.

The

procedure

is

expensive

and

technically

demanding therefore it is not suitable for countries like Pakistan.
It may be useful for couples who do not accept termination of
pregnancy.

Termination of pregnancy for genetic
disorders
Prenatal diagnosis is done to give an informed choice to the
couples at risk. The affected pregnancies are terminated only on
the parent’s request; the main consideration is the future and the
quality of life of the child. The concept of prenatal diagnosis and
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termination of pregnancy even in the West has been accepted
only slowly and there is ongoing debate about its ethical and
social implications. The decision whether or not to terminate an
affected pregnancy is never taken lightly even in the countries
where prenatal diagnosis is fully accepted.
Islam is the leading religion of Pakistan and vast majority of the
population are practising Muslims. The low level of literacy makes
it difficult for the people to distinguish between their religious,
traditional

and

cultural

beliefs.

This

can

easily

lead

to

misconceptions about the permissibility or the prohibition of
anything in religion. In the context of prenatal diagnosis the
important question is whether Islam permits termination of
pregnancy if the fetus is affected by a serious genetic disorder or
not?
The fetal development is explained in a Quranic verse as follows:
"Then We made the sperm into a clot of congealed
blood; then of that clot We made a lump (fetus);
then We made out of that lump bones and clothed
the bones with flesh; then We developed out of it
another creature" (Al-Quran, Sura Al-Momenoon
verse 14).
The concept is further explained in a Hadith as follows:
"Each one of you is put together in the womb of his
mother for forty days, and then turns into a clot for
an equal period (of forty days) and turns into a piece
of flesh for a similar period (of forty days) and then
the soul is breathed into him" (Abdullah, Sahih AlBukhari, 8.593).
There is consensus of opinion that the “development of another
creature”, as cited in the Quranic verse, means breathing of the
soul into the inanimate fetus. Most Islamic scholars consider that
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the soul is breathed into the fetus at 120 days of the embryonic
age (gestation).
The views of Islamic jurisprudence on abortion are unanimous in
prohibiting it if it is done after 120 days unless continuing the
pregnancy carries a grave risk for the mother. The views about
abortion before 120 days differ. Most Islamic scholars consider it
permissible whereas only a minority has the opposing view.
The community would accept the concept of prevention of
thalassaemia if it is compatible with the religious as well as
cultural beliefs. Therefore it is important to consider the views of
religious scholars, doctors, and the affected families. Mufti
Muhammad Taqi Othmani, a renowned religious scholar in
Pakistan, when asked to give opinion on the subject of
permissibility of prenatal diagnosis for thalassaemia gave a clear
verdict (Chapter 15). As per the verdict termination of pregnancy
is permissible if the following three conditions are fulfilled:
1. The report is given by an honest person.
2. The test shows the presence of a “serious disorder” in the
fetus.
3. The termination of pregnancy is done before 120 days (17
weeks) of gestation.

Termination of pregnancy in Pakistan
The religious verdict (fatwa) on termination of pregnancy has
played a pivotal role in acceptance of prenatal diagnosis in
Pakistan. A large number of affected couples have used this test
and over 90% of the women with affected fetuses also terminated
the pregnancy (Figure 10.17). The reasons for not terminating an
affected pregnancy more commonly were socio-economic than
religious.
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Surveillance of prevention programme
WHO has defined surveillance as “obtaining organized information
on the effects of a programme on the target problem at the
population level”. The objective of surveillance should be to point
out weaknesses in the programme so that these can be rectified.
The surveillance requires methods for assessing the functioning
of the entire programme at all levels.

Registry of new births of thalassaemia
The ultimate objective of the prevention programme is to reduce
the birth incidence of thalassaemia major. Therefore the first
requirement of the surveillance programme should be to know
the current birth incidence of thalassaemia major. Most of the
thalassaemia patients in Pakistan are managed at the treatment
centres run by NGOs and few public sector hospitals. A large
number of the patients are registered at more than one centre.
The best would be to establish a registry of all existing patients
of thalassaemia. Duplicate registrations can be controlled by
146

Prevention
assigning unique identifiers. A central registry can be very useful
in documentation of the new patients of thalassaemia. The central
registry can also be useful for surveillance of the treatment
facilities.
Since a very large number of centers are involved in the
management of thalassaemia in Pakistan and these have very
different backgrounds and resources it may be difficult to
maintain a registry of all patients. A realistic solution would be to
maintain a central record of at least the newly diagnosed patients
of thalassaemia. Once the baseline statistics are available it would
be easy to calculate the birth incidence of thalassaemia on a
periodical basis. The registry of new births of thalassaemia major
should also document the circumstances under which the child
was born. For example:
1. Whether the risk of thalassaemia was known or not?
2. If the risk was known then why prenatal diagnosis was not
used?
3. If prenatal diagnosis was used whether termination of
pregnancy was refused?
4. Was there an error in prenatal diagnosis?

Quality assurance
Each component of the prevention programme, including carrier
screening, genetic counselling, and prenatal diagnosis should
have its own educational program, service standards and
methods for quality control.

Registry of prenatal diagnosis
Since only a few laboratories are involved in prenatal diagnosis a
National registry of prenatal diagnosis is relatively easy to
establish. The registry can be used to monitor the overall
performance of the service and to ensure a better quality control.
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Cost benefit analysis of prevention
The cost benefit analysis of prevention versus treatment, done in
the Mediterranean countries and the UK, shows that the cost of
prevention is equivalent to treating the affected new born for just
one year. A comparison of the cost of “treatment and no
prevention” versus “treatment and prevention” in a population
shows that the latter is clearly more cost effective (Figure 10.18).
The cost of prevention would require some investment in the
beginning but as the preventive policy succeeds the cost on
treatment would reduce drastically due to reduction in the new
births of affected children.
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Figure 10.18. The projected evolution of the total cost of treating and
preventing thalassaemia over 20 years. Policy 1: Good patient care but
no prevention. Policy 2: Good patient care, plus premarital "prospective"
carrier screening and genetic counselling, with prenatal diagnosis.
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Thalassaemia and health priorities
The current infant mortality in Pakistan is around 66/1000 live
births. Most of the infants die because of infections and
malnutrition. As a result of improved immunization, primary
health care and nutrition the infant mortality is likely to fall. WHO
has anticipated that mortality due to genetic disease including
thalassaemia becomes noticeable when the infant mortality falls
to below 40/1000. At that point in time thalassaemia and other
genetic disorders, although present in the community, become
conspicuous (Figure 10.19). The stage at which genetic disorders
would become prominent in Pakistan is not apparent at the
moment. But it is likely to happen in the foreseeable future.
Therefore some sort of planning must be done now. The choice is
between treatment and prevention. Although thalassaemia is
treatable to a great extent but the option is very expensive as
compared to prevention.
The National action plan for prevention and control of noncommunicable

diseases

including

cancer,

diabetes

and

cardiovascular diseases has gained a prominent place on
Pakistan’s health agenda since 2004. But thalassaemia is not
included in this plan. It is an emerging public health problem and
there is need to highlight the issue at all levels. A firm political will
from the Government can ensure inclusion of thalassaemia in the
future health plan.
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Figure 10.19. The present and the future health priorities for the
developing countries like Pakistan.
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