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Prenatal diagnosis ofhaemoglobinopathies
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ABSTRACT
Bilckground. Haemoglobinopathies constitute a major health

problem in the Indian subcontinent. In the absence of any
method for achieving complete cure and treatment being
expensive, prenatal diagnosis and selective tennination of an
affected foetus is a feasible option to decrease the disease load.
We report our experience with prenatal diagnosis of haemoglo-
binopathies over a two-and-a-half year period in 257 pregnan-
cies.

Hethods. Amplification refractory mutation system (ARMS)
was used to detect IHhalassaemia, haemoglobin E and sickle cell
mutations.

Results. Five mutations in the B-globin gene which are
common in the Indian population were detected in 92.3% of
mutant chromosomes, whereas 3.1 % of chromosomes carried
rare mutations followed by 0.8% haemoglobin E and 0.4%
sickle cell mutations. Mutations in 3.3% chromosomes were
uncharacterized. The prenatal procedure, carried out early in
pregnancy, was a chorionic villus sampling in most cases. A
confirmed diagnosis based on ARMS-PCR was given in 241
(93.8%) cases. In 10 cases (3.9%) Iinkageanalysiswasrequired
to confirm the foetal status, as mutations in both parents were not
identified or the chorionic villus sample carried the single
identified mutation. Four families with haemoglobin E-B
thalassaemia and one family with sickle cell disease were also
included. Ofthe study population, 91.25% ofthe couples had
a previous child with haemoglobinopathy, whereas 8.75% of the
couples came before the birth of the first affected child.

Conclusion. We conclude that ARMS-PCR is a highly
sensitive technique for detecting mutations in the B-globin gene
and its efficacy in the prenatal diagnosis of haemoglobinopathies
is proven.
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INTRODUCTION

Haemoglobinopathies including B-thalassaemia, sickle cell dis-
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ease and haemoglobin E (HbE) are major public health problems
in the Indian subcontinent. The frequency of B-thalassaemia
carriers varies from 3% to 17% in different populations; thalas-
saemia being the commonest single gene disorder in India. I About
9000 homozygous babies are born every year in India.' Sickle cell
disease is more common in some tribal populations, whereas HbE,
the variant, is more prevalent in the eastern parts of India.v'
Homozygous HbE status is asymptomatic but in combination with
B-thalassaemia mutation, heterozygotes have manifestations simi-
lar to those of B-thalassaemia major and intermedia.

Therapy for B-thalassaemia is expensive and there is no defi-
nite cure except bone marrow transplantation.' One of the means
of reducing the burden of the disease is by prenatal diagnosis and
selective termination of affected foetuses. Prenatal diagnosis of B-
thalassaemia was initially done using foetal blood for globin chain
synthesis studies? and is still the method of choice when mutations
are not identified in the parents, or in cases of advanced gestational
age. Later, DNA-based techniques became more popular, the
common ones being dot blot," reverse dot blot.!" PCR-based
amplification refractory mutation system (ARMS),1O denaturing
gradient gel electrophoresis, II single strand conformation poly-
morphism'? and the latter two followed by DNA sequencing.P:"
Of these, ARMS-PCR is a simple and cost-effective method.
DNA studies can use any foetal tissue such as amniotic fluid cells
or, more commonly, chorionic villus samples (CYS).

We report our experience of prenatal diagnosis of
haemoglobinopathies in 257 pregnancies using CYS.

SUBJECTS AND METHODS

A total of 257 prenatal diagnostic tests were performed on 240
pregnant women from January 1997 to September 1999. Ofthese,
223 women had the test done once (including 2 twin pregnancies)
and 17 women conceived twice during this period and hence
underwent prenatal diagnosis twice. CYS was repeated for one
patient because of an inadequate first sample.

Identification of mutation in parents and affected children
Peripheral blood samples were collected in EDT A vacutainers from
parents and affected children. (Blood samples of the affected
children were taken at least three weeks after the last transfusion.)
Genomic DNA was extracted by the standard phenol-chloroform
(n=113 families)" or salt method (n=127 families)." B-thalassaemia
mutations in the parents and affected children were identified using
the ARMS- PCR technique.'? We first tested for the five mutations
reported commonly in the Indian population [IYS-l, nt5 (G~C),
IVS-l, ntl (G~T), codon 8/9 (+G), codon 41142 (-CTIT) and
619bp deletion] 18,19followed by 12 rare mutations [codon 16 (-C),
Capsite +1 (A~C), codon 15 (G~A), -88 (C~T), codon 30
(G~A), Codon 30 (G~C), codon 5 (-CT), codon 47/48 (+ATCT),
IVS-2, nt837 (T ~G), IVS-l, ntl l O (G~A), codon 88 (+T), IVS-
1 3' end del 25 bp]. The primers and protocols for the tests were
obtained from the published literature.lo,18,2o Sickle cell mutation
and HbE were also tested using the ARMS technique.v-?

Identification of mutations in the foetus
Foetal tissue used for prenatal diagnosis was obtained by chorion-
ic villus sampling (CYS, usually 10-20 mg) in all except 1 case.
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The route of CVS was either transcervical or transabdominal,
based on the choice of the obstetrician. Chorionic villus tissue was
dissected under the inverted microscope to remove maternal
decidua and DNA extracted using a standard protocol."

The CVS was tested for parental mutation(s) to make a prenatal
diagnosis. Wherever parental mutations were identical, normal as
well as mutant primers were used in separate reaction tubes to
differentiate between heterozygous and homozygous cases. Posi-
tive and negative controls were run with each sample. Figure 1
shows the results of prenatal diagnosis in one family. The results
of the prenatal test were usually ready within a week. Restriction
fragment length polymorphism (RFLP) studies were done in the
Genetics Laboratory at Sir Ganga Ram Hospital, New Delhi in
cases where mutations were not identified in the parents or in
situations where the CVS carried the identified mutation. To rule
out maternal contamination, polymorphism of apolipoprotein B
(Apo B) was examined by PCR whenever necessary." Maternal
contamination was not checked in all heterozygous foetuses
carrying the maternal mutation but was used only in situations
where CVS tissue was scanty and there was doubt about foetal
tissue separation.

RESULTS
During the study period, 257 prenatal diagnoses were offered in
240 pregnant women for haemoglobinopathies. In 223 women,
prenatal testing was done in one pregnancy whereas in 17 women
two CV biopsies were done. The gestational age at the time of
sampling varied from 9 to 23 weeks (mean: 12.5 weeks). Fifty-six
(21.8%) CVS were obtained by the transcervical route and 200
(77.8%) by the transabdominal route. In one subject cord blood
was used for diagnosis. Two hundred and nineteen couples had a
child previously affected with the disease whereas 21 couples
requested for a prenatal diagnosis before the birth of an affected
child.

Out of 480 carrier parents, one of the five common B-
thalassaemia mutations were identified in 443 (92.29%), rare B-
thalassaemia mutations in 15 (3.1%), HbE in4 (0.8%) and HbS in
2 (0.4%). Mutations in 16 individuals were not characterized
(3.3%). The commonest B-thalassaemia mutation identified was
IVS-l, nt5 (G--7C) in 137 (28.5%), followed by 619bp del in 132
(27.5%; TableI).

Mutations were identified in both partners in 241 out of 257
pregnancies (93.8%). Both partners had the same mutations in 85
families though only 9 couples were consanguineous. Among
these 85 families, 70 couples had a common place of origin. Of the
70 couples who originated from the same place, 35 were from

TABLE1. Distribution of various mutations

Type of mutation Number of cases positive (%)

Common (n=443)

IVS-I, nt5 (0-tC)
619bp del
IVS-I, nt l (G-tT)
Codon 8/9 (+0)
Codon 41142 (-CTIT)
Rare (n=15)

Codon 16 (-C)
Codon 30 (G-tC)
Cap site + 1 (A-tC)
Codon 88 (+T)
Codon 30 (G-tA)

137 (28.5)
132 (27.5)
77 (16.0)
59 (12.3)
38 (7.9)

8 (1.7)
3 (0.6)
2 (0.4)
I (0.2)
1 (0.2)
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FIG1. Electrophoregram showing the results of prenatal diagno-
sis in one family

LANE 1: Molecular weight marker (<\lXI74, Bangalore genei,
India)
LANE 2: Mother positive for 619 bp deletion
LANE 3: Father negative for 619 bp deletion
lane 4 and 5: foetus positive for 619 bp deletion (in duplicate)
lane 6: father positive for ivs-l , ntl (G--7T)
lane 7: negative control for ivs-I, ntl (G--7T)
lane 8 and 9: foetus positive for 619 bp deletion and ivs-L, ntl
(G--7T) (affected with thalassaemia major)

regions now in Pakistan, 15 from Uttar Pradesh, 5 each from
Punjab and Haryana, 3 each from Bihar and Rajasthan, 2 from
Maharashtra, 1 each from Madhya Pradesh and Tamil Nadu.
Fifteen couples, though carrying same mutations, originated from
different places: 10from regions now in Pakistan, 8 from Haryana,
3 from Rajasthan, 2 each from Punjab, Delhi and Bihar, and 1each
from Maharashtra, Madhya Pradesh and Jammu and Kashmir.

Among the 241 pregnancies in which the mutation was iden-
tified in both partners, 67 (27.8%) foetuses were normal, 137
carriers (56.8%) and 37 (15.4%) were affected. In the remaining
16 couples, the mutation was identified in only one parent in 15
families, whereas no mutations were identified in one couple. Of
these 16 families, 5 foetuses did not carry the identified mutation
so the foetus was reported to be 'normal' or 'carrier'. In the
remaining 11, RFLP analysis for prenatal diagnosis was done at
the Genetics Laboratory of Sir Ganga Ram Hospital, New Delhi
(n=lO) and one foetus was tested using the globin chain synthesis
by cordocentesis at the Institute ofImmunohaematology, Mumbai,
as the gestation was advanced. Of these 11 cases, a prenatal
diagnosis was available in 7 (2 were affected and 5 were carriers).
The remaining 4 families were lost to follow up. In 7 samples there
were problems in DNA amplification and the PCR signals were
faint. However, re-extraction of the DNA and repeat PCR solved
the problem. One CVS procedure was repeated owing to inad-
equate sample and maternal contamination.

Follow up
Follow up of 180 foetuses (out of 204) who were diagnosed to be
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normal carriers has shown that 150 of these babies are asympto-
matic and> 1 year of age. Twenty-four babies are -cl year (mini-
mum age: 6 months) and asymptomatic till date. Six foetuses were
aborted spontaneously; however, all abortions took place more
than four weeks after the procedure. Haemoglobin electrophoresis
was not done routinely. In 11families where it was done the results
matched the prenatal diagnosis. Mutation analysis was done
postnatally in 62 cases, which confirmed the prenatal diagnosis.
Follow up for only 5 of the affected foetuses is available in whom
post-termination samples could be obtained. These confirmed the
prenatal diagnosis.

DISCUSSION
We performed prenatal diagnosis for haemoglobinopathies using
256 CVS and 1 cordocentesis, including B-thalassaemia in 252
(98.05%), HbE in 4 (1.55%) and sickle cell disease in one family.
Most of the CVS procedures were done early «20 weeks) whereas
only 4 0.55%) were done after 20 weeks of pregnancy. The
delayed procedures were due to patients presenting late because of
lack of awareness, difficulty in identifying the mutation in the
family or due to the decision of the attending obstetrician.

Though there are various methods to detect mutations, ARMS
is a simple and cost-effective way to identify mutations in at-risk
couples during the first trimester of pregnancy. The ARMS
technique gave us good results and we were able to detect
mutations in both parents with a precise prenatal diagnosis in
93.8% of foetuses at risk. This is in concordance with previously
reported studies from India.25,26 In 7 families, there was difficulty
in amplifying the DNA. In 4 of them the quality of DNA was not
good and this was rectified by re-extraction using phenol-
chloroform. In 3 samples the non-amplification was probably
due to the degeneration of primers and freshly prepared working
solutions allowed us to obtain the results. In ARMS-PCR, as the
primers are designed based on the mismatch only at the 3' end
and there can be problems due to degeneration especially if the
primers are old. Only 3.9% of patients required RFLP analysis
for prenatal diagnosis. Fortunately, all these non-informative
families had affected children and RFLP studies were possible.

The same mutations were found in 35.4% of couples but only
3.8% were consanguineous marriages. This may be explained by
the tradition of marriages in the same communitylcaste in India.
It was interesting that 21 couples sought a prenatal diagnosis
before the birth of an affected child because either there was an
affected child among the first-degree relatives or the wife had a
low haemoglobin level which led to a subsequent revelation of
carrier status of both husband and wife. This indicates an increas-
ing awareness among doctors and the general public.

Maternal contamination is a problem when the CVS is <10 mg
or has maternal mutations only. Hypervariable human DNA
markers which show high levels of heterozygosity are useful in
DNA typing, antenatal diagnosis, forensic medicine and linkage
mapping." Foetal samples can be checked for maternal contamina-
tion using these markers.":" In our study, this problem was
overcome by doing a PCR for Apo B polymorphism in selected
cases.

We conclude that prenatal diagnosis and selective termination
of affected foetuses is a feasible way to control haemoglobinopathies
in India. ARMS or any other technique based on allele-specific
amplification is suitable. Till such time a formal campaign to
detect high-risk couples is in place, we can at least help families
having one (or more) children affected with haemoglobinopathies.
There is an urgent need to increase awareness among the masses
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as well as health care providers about the availability and utility of
genetic services.
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