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Abstract
Hemoglobinopathies like β-thalassemia and sickle cell anemia are very prevalent in India.  The only way of prevention of this severe genetic disorder is to identify 
the carriers and counsel them about the clinical severity of the disease and to create awareness about the options of prenatal diagnosis (PND) and Preimplantation 
genetic diagnosis (PGD). In this paper we report our experience on the PND and PGD in haematological disorders carried out at our centre, Jaslok Hospital in India. 

Introduction
The inherited disorders of hemoglobin which include the 

thalassemia and the structural hemoglobin variant are the commonest 
group of autosomal recessively inherited single gene disorders globally 
[1,2]. Hemoglobinopathies like β-thalassemia and sickle cell anemia 
and its interaction with other hemoglobin variants like HbE and Hb S 
poses a major health burden in India. Out of the 240 million carriers 
worldwide India alone has 30 million carriers [3]. With an overall 
prevalence of 3 - 4% of β-thalassemia carriers in India, it is estimated 
that there would be 30-40 million carriers and 10,000 to 12,000 children 
with thalassemia major born each year [4]. Hemochromatosis is 
another hereditary metabolic disorder in which iron salts are deposited 
in the tissues, leading to liver damage, diabetes mellitus, and bronze 
discoloration of the skin.

Preventive strategies are therefore extremely important to control 
the disorder from passing on to the next generation. Identification 
of the traits or carriers of these disorders is an important aspect. 
Prenatal diagnosis (PND) or Preimplantation Genetic Diagnosis 
(PGD) forms an integral part of a community control programme for 
hemoglobinopathies [5].

PND can be offered to couple who are identified as carriers of the 
disorder from as early as 9-10 weeks of pregnancy through chorionic 
villus biopsy (CVS). If the fetus is found to be affected, then the 
pregnancy can be terminated early [6]. PGD is an alternative to PND 
to help couples avoid the emotional trauma of termination of affected 
pregnancies [7,8].

PGD can be offered through an IVF cycle by choosing an unaffected 
embryo for transfer, thus providing couples a chance to start pregnancy 
with an unaffected fetus and avoiding termination of affected 
pregnancies [7,9]. Using PGD technology, HLA-matched embryos also 
can be chosen to cure an affected child in future by transplanting stem 
cells from cord and bone marrow from unaffected sibling [10,11]. Here 
we present a preliminary data on our experience on PND and PGD 
haematological disorders at Jaslok Hospital in India.

Material and methods
Prenatal diagnosis was offered to 9 couples for β-thalassemia and 

1 couple for sickle cell anemia using amplified refractory mutation 
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detection system (ARMS) PCR on chorionic villus sample. DNA 
extraction was done from the EDTA blood samples of the parents 
and fetal sample using Qiagen blood DNA extraction kit as per 
manufacturer's protocol. Molecular analysis of the beta globin gene for 
mutations was performed on DNA extracted from the fetal tissue by 
ARMS PCR followed by detection using agarose gel electrophoresis. 
Variable number of tandem repeat (VNTR) marker analysis was always 
carried out on all fetal samples to check for presence or absence of 
maternal cell contamination to avoid misdiagnosis. 

PGD for β-thalassemia (4 couples, 6 cycles), sickle cell anemia (1 
couple, 1 cycle) and hemochromatosis (1 couple, 1 cycle) was carried out 
at our center by embryo biopsy of trophectoderm cells during the IVF 
cycle. The mutations were analyzed using whole genome amplification 
followed by Sanger sequencing. Unaffected embryos were then used for 
transfer. All the successful pregnancies are again reconfirmed by PND 
to avoid misdiagnosis due to complete amplification failure, allelic 
dropout (ADO) or possibility of sample contamination. 

Genetic counseling on the clinical severity of the disease, the 
inheritance pattern, reproductive options of both PND as well as PGD 
and the risks involved in these diagnosis procedures were explained to 
all the couples who came for testing. 

Results
Prenatal Diagnosis (PND)

PND was offered for 9 couples who were detected as carriers of 
hemoglobinopathy on screening. After prenatal diagnosis, fetus was 
found to be affected in 5 of 9 couples for β-thalassemia. The couple 
who were sickle cell trait showed a heterozygous fetus. MCC testing was 
done and absence of MCC was confirmed in all these prenatal samples. 
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The details of all the cases of PND are shown in Table 1. The 
representative gel pictures for the PND and MCC are shown in Figures 
1, 2 and 3 respectively.

Preimplantation Genetic Diagnosis (PGD)
Unaffected embryo transfer after PGD was carried out in 3/4 

couples for β-thalassemia who opted for PGD. 

Of these 1 couple (Trait for IVS 1-5 G>C) gave birth to a live 
healthy baby in 2015.  They had a second natural conception which was 
terminated due to detection of β-thalassemia major fetus after PND last 
year. The couple is undergoing next frozen embryo transfer cycle for 
second child using their remaining PGD tested unaffected embryos.

Another couple who were carriers for 619bp deletion mutation 
who opted for PGD had a normal embryo transfer and the pregnancy 
is ongoing. 

The embryo transfer has been also carried out for 1 couple with 
Sickle cell trait and another couple carrier for Hemochromatosis. The 
pregnancy results are still awaited.

Figure 1. PND in an IVS1-5 (G→C) carrier couple showing an affected fetus
1 = 50bp Ladder, 
2 = CVS IVS1-5 (G->C) Normal
3 = CVS IVS1-5 (G->C) Mutant
4 = CVS IVS1-5 (G->C) Normal
5 = CVS IVS1-5 (G->C) Mutant 
6 = Neg Cont IVS1-5 (G->C) Normal
7 = Neg Cont IVS1-5 (G->C) Mutant 
8 = Pos. Cont IVS1-5 (G->C) Normal
9 = Pos Cont IVS1-5 (G->C) Mutant

Mutation in Father Mutation in Mother Mutation in Fetus Fetal Status

619bp del CD15(G→A) 619bp del + 
CD15(G→A) Affected

619bp del 619bp del 619bp del + 619bp del Affected
CD8/9(+G) 619bp del Absent Normal

IVS1→5 (G→C) IVS1→5 (G→C) IVS1→5 (G->C) +
IVS1→5 (G->C) Affected

CD8/9(+G) 619bp del Absent Normal
CD8/9(+G) 619bp del CD8/9(+G)+ 619bp del Affected

619bp del CD8/9(+G) 619bp del + 
CD8/9(+G) Affected

619bp del 619bp del Absent Normal
CD6A→T CD6A→T CD6A→T Trait

Table 1. Shows the details of all PND cases

 
   1      2      3      4      5     6       7     8      9      10   11    12    13 14 

Figure 2. PND in a carrier couple with 619bp deletion in mother and CD 8/9 (+G) in father 
showing an unaffected normal fetus. 
1 = 50bp Ladder
2 = CVSCD8/9(+G) Normal
3 = CVS CD8/9(+G) Mutant
4 = CVS CD8/9(+G) Normal
5 = CVS CD8/9 (+G) Mutant
6 = Neg. Cont. CD8/9 (+G) Normal
7 = Neg. Cont. CD8/9 (+G) Mutant 
8 = Pos. Cont. CD8/9 (+G) Normal
9 = Pos. Cont. CD8/9 (+G) Mutant
10 = Blank
11 = CVS 619bp del
12 = Pos. Cont. 619bp del
13 = Neg. Cont. 619bp del
14 = CVS 619 bp del

Figure 3. MCC testing using VNTR markers in a couple undergoing PND showing absence 
of MCC with D1S80 marker. Other markers were uninformative
1 = 50bp Ladder
2 = Father Apo B
3 = CVS Apo B
4 = Mother Apo B
5 = Father D1S80
6 = CVS D1S80
7 = Mother D1S80
8 = Father ACT BP2
9 = CVS ACT BP2
10 = Mother ACT BP2
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Conclusion
PND and PGD are two important options to prevent the birth of 

an affected child with hematological disorder. Prenatal diagnosis and 
subsequent termination of pregnancy if the fetus is found to be affected 
with the disorder may not be acceptable to every carrier couple due to 
emotional trauma involved or due to religious and cultural beliefs. PGD 
is another approach which can help the couple to have an unaffected 
child in cases of thalassemia, sickle cell anemia and other hematological 
disorders when the parental carrier status is already identified before 
pregnancy and if the couples do not want to go through the trauma of 
pregnancy termination after PND.

PGD also helps in creation of a "savior sibling" which involves the 
selection of an HLA matched unaffected embryo via PGD. This child 
when born serves as a "savior sibling" for the affected child needing a 
transplant by providing umbilical cord stem cells or bone marrow to an 
older sibling having the disorder. 

Genetic counseling is extremely important to create awareness 
about the disorder and to stress upon the importance of PND or PGD 
as well as testing the extended family members of the affected individual 
or a carrier to prevent it from spreading to next generation. 
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