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ABSTRACT
Objective: Hemoglobinopathies are the most common monogenic recessive disorders in India. Prenatal diagnosis and
selective termination of an affected fetus is a feasible option to decrease the birth of affected babies. Lack of facilities in
Odisha for prenatal diagnosis prompted us to establish the same in first trimester of pregnancy by chorionic villi sampling
(CVS) analysis.
Methods: CVS was obtained between 10-13 weeks of gestation by transabdominal route with ultra sound guidance.
Diagnosis was done by ARMS PCR to detect mutations for β-thalassemia and Sickle Cell Anemia.
Results: The present study includes45 cases of Hemoglobinopathy in first trimester of pregnancy from Odisha, a
state situated in Eastern part of India. Fetal diagnosis showed:14 normal, 8HbS trait, 12β-thal trait, one HbE-trait,
one βδ-thalassemia trait and 9 affected fetuses. All the couples agreed for termination of pregnancy having affected
fetuses. The commonest mutation was IVS 1-5 (GC) inβ-thalassemia. Thirteen mothers of sickle syndrome include two
cases of sickle thalassemia (S-βthal) and 11 cases of Sickle Cell Anemia (SS).
Conclusion: The prenatal diagnosis by CVS analysis utilizing DNA based technology has been successfully established for
Hemoglobinopathy at Apollo Hospitals, Bhubaneswar. The type of mutation has also been identified. This facility will help
in bringing down the birth of affected fetus (homozygous) of β-thalassemia and Sickle Cell Disease cases in Odisha.
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INTRODUCTION
Hemoglobinopathy is the most common single gene disorder
in India [1]. Odisha state is situated in Eastern part of India
between West Bengal and Andhra Pradesh. There is paucity
of reports about the exact incidence of -thalassemia in
Odisha. However, we see many cases of -thalassemia
major and homozygous sickle cell disease (personal
observation). In order to control the birth of thalassemia
major and homozygous SCD babies, prenatal screening by
HPLC and subsequently prenatal diagnosis in the first
trimester of pregnancy is very essential. In western part of
Odisha, the high incidence of sickle cell Disease is reported
[2,3]. Awareness about the prenatal diagnosis in SCD has
been increased in the last decade. Genetic counselling for
SCD has been shown to enjoy huge acceptance in parts of
India like Gujrat, Maharashtra [4,5]. Consistent application
of genetic counselling coupled with the awareness
programme is essential for reduction of the prevalence of
SCD in Odisha population [6]. There is no National
programme of newborn screening for sickle cell disease in
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India till date. A homozygous child gets identified only
when he or she becomes symptomatic. It is possible that
many of the severely affected children die before the
diagnosis is made. Awareness generation in interior regions
in the last 5-10 yrs has probably led to increasing requests
for prenatal diagnosis of the sickle syndromes [6].
In the present study, prenatal diagnostic facility for couples
with hemoglobinopathy was established at Apollo Hospitals,
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Bhubaneswar, Odisha so that the couples at risk do not have
to travel long to metros like Delhi or Mumbai. We offered
prenatal diagnosis in the first trimester of pregnancy by CVS
analysis using DNA based test.
MATERIALS & METHODS
Present study was approved by the Institutional Ethics
Committee in the year 2014. The present data includes 45
cases of pregnant ladies. After proper genetic counselling
explaining risks and complications associated with CVS
procedure, informed and written consent in a prescribed
Proforma was taken from the couples who gave consent for
PND. After an informed consent, 3 ml EDTA blood of the
couple and the affected child if any were collected for DNA
analysis. Chorionic Villi Sampling (CVS) was performed by
a trained Radiologist between 10-13 weeks of pregnancy
with ultra sound guidance by transabdominal route under
local anesthesia. The sample (20 to 30 mg Villi) was
collected in sterile normal saline. The villus samples were
cleaned under a dissecting microscope (Nikon NZ800)
separating the maternal from fetal parts [7].
DNA extraction from chorionic Villi was done using spin
column method (Qiagen). The quality of the sample was
checked by spectrophotometer (Shimadzu, UV1800) method
at A260/A280 ratio of 1.8 to 2. Then, ARMS-PCR was
performed using Thermal cycler (ABI, Veriti) [8].
Amplification refractory system (ARMS) is a method for
detecting any single base pair mutation or deletion. For each
DNA sample ARMS PCR was put up in two tubes, one
labelled as Normal (N) and other as mutant (M). In each
tube we added a common forward primer, ARMS mixture
and Taq polymerase. To check if the PCR system working
properly and to avoid false negative result, a pair of internal
control primers was added to each tube. Each of these
primers was tested with known positive and negative control
DNA samples under uniform and stringent PCR conditions.
After PCR, the samples are run in 2% low melting agarose
gel at 100 V for 1 h. The amplified products using normal

and mutant primers for each mutation are run side by side
for comparison. After electrophoresis, the gel observed
under UV light in a gel documentation system. VNTR
D1S80, ApoB, ACTBP2 were performed to check the
maternal contamination [9].
RESULTS
During the period of four years from Aug, 2015-May, 2020,
in 45 cases of prenatal diagnosis has been offered to the
couples at risk. Some of the demographic data has been
shown in Table 1.
Majority of couples (80%) have one or more affected
children. Only 9 couples (20 %) reported in the first
trimester of pregnancy for prenatal diagnosis not having any
child. The age group of the pregnant ladies varied from 25 to
40 years. Thirty (66.6%) ladies gave positive family history.
In sickle cell cases majority belong to Western Odisha
whereas in case of Thalassemia the couples hail from coastal
districts of Odisha. The distribution of the same has been
shown in Figure 1. The result of prenatal diagnosis has been
shown in Figure 2.
Nine fetuses were affected and twenty-two were
heterozygous and ten were normal. Out of nine affected
fetuses four were -thalassemia, one HbE thalassemia and
four were Sickle Cell Disease (SS-3& HbS-Thal-1). All the
fetuses showing the presence of -thalassemia gene had the
most common Indian mutation IVS-1-5 (GC) (Figure 3).
There was no fetal loss following CVS. All the couples with
an unfavorable diagnosis opted for termination of
pregnancy. A follow-up of all the 34 cases continuing
pregnancies were tested from cord blood sampling during
delivery by DNA method, i.e. ARMS-PCR for mutation to
confirm the findings given earlier.
During this period one interesting case was observed who
came for prenatal diagnosis of the second pregnancy (Figure
4).

Table 1. Some demographic data of the mothers undergoing prenatal diagnosis.
First

Couples Having one

Pregnancy

or more affected child

SCA

4

8

-Thal

4

Sickle-Thal

Positive
family

Age group of mothers in years
25-30

31-35

36-40

10

4

5

3

21

14

5

13

7

0

2

2

0

2

0

E-thal

1

4

3

1

4

0

𝛿 -Thal

0

1

1

0

1

0
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Figure 1. Distribution of cases in different regions of Odisha.

Figure 2. Results of prenatal diagnosis of sickle syndromes and -thalassemia syndrome.
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Figure 3. Mutation Detection in  Thalassemia Cases.

Figure 4. Sequence of study events for the-thalassemia Family.
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The first child was a thalassemia major whose severity was
less. He was found to be homozygous for IVS 1-5 (GC)
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(Figure 5).

Figure 5. Father: Heterozygous for IVS 1-5 (GC) mutation (Known).
CVS: Mutation not detected (Normal)
Mother: Mutation not detected (Normal)
Affected 1st Child: Homozygous for IVS 1-5 (GC) mutation (Known)
PC: OK (Known)
NC: OK (Known)
The husband was found to have carrier status for IVS 15(GC) and wife was normal for IVS 1-5 (GC). So, the
possibility of  thalassemia in the mother was considered.
The peripheral blood picture of the mother was microcytic
and hypochromic with low MCV and MCH. The CVS
analysis showed normal pattern in agarose gel
electrophoresis for 8 common mutations tested by ARMS
technique. This is due to the presence of -thal carrier
status in the fetus, which was confirmed by sequencing 
SciTech Central Inc.
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globin gene. The mother was allowed to continue the
pregnancy.
DISCUSSION
The -globin gene is a relatively small gene located in the
short arm of chromosome 11. Although >180 causative
mutations have been reported for -thalassemia syndrome,
the spectrum of mutations usually consists of a limited
number of mutations and also some rare mutations in a
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particular community [10]. In India 8 common mutations
including HbS and HbE have been found accounting to 
95% of all the mutations [11-15]. ARMS technique is an
established reliable, accurate and rapid method in detecting
these mutations and offering prenatal diagnosis within a
period of 2 days [15].
In total the present study includes 45pregnant women where
prenatal diagnosis has been offered. Out of these 14 fetuses
are normal and 22 are heterozygous (Figure 2 and Table 1)
and 9 affected fetuses. The mutation detected in thalassemia couples and fetuses are: IVS 1-5 (GC) in 88%
cases and three rare mutations accounting to 12%. Those
rare mutations are CD41/42 (-CTTT), Codon 15 (-7) and
CD30 (GC) (Figure 3). The present study is in agreement
with the published reports from other parts of our country
that IVS 1-5 (GC) is the most common mutation in thalassemia [11-14]. As expected, there are cases of sickleβthalassemia in Odisha as both -thalassemia and Sickle Cell
Disease (SCD) are prevalent in Odisha. In our small present
study 2 cases of S-Thal and 13 cases of SS (homozygous)
sickle cell are present. All the 25 β-thalassemia trait couples
in our study, showed an IVSI-5 (GC) in any one of the
parents. Four cases of E-Thal when analyzed show IVS 1-5
(GC) mutation in all of β-thalassemia trait parents along
with CD26 (GA). Identical mutations were present in both
parents in 76.4 % of cases due to caste-based marriages in
India.
It may be stressed here that the microcytic and hypochromic
picture with normal iron status in hemogram is a good lead
for investigating the presence of  thalassemia when thalassemia mutations are absent.
Prenatal
diagnosis
of
-thalassemia
and
other
hemoglobinopathy from India has been reported earlier from
different parts of India for control of birth of homozygous
babies [3,15-17]. WHO (World Health Organization)
recently published a prevalence map of SCD which showed
that about 20-25 million people globally have HbSS; of this
about 1-5 million live in Sub-Saharan Africa, 5-10 million
live in the Indian subcontinent while about 3 million are
distributed in other regions of the World [18]?
In USA with an equally significant burden of SCD genetic
counselling and testing have been well established as early
as 1970 and this has shown remarkable results in reducing
the burden of homozygous sickle cell cases [19,20].
Antenatal screening programmes for hemoglobinopathies
which is based on different ethnic origin have been similarly
introduced in a number of European countries including
Holland, Belgium and Germany with a good success rate
[21].
The severity of sickle cell disease varies in India although
majorities have Arab-Indian haplotype [22]. The reported
birth rate of 1.1% for SCA (Sickle Cell Anemia) in central
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India with the highest incidence among populations in
Mahar Community has been shown earlier [14].
Simultaneously the success story of prenatal diagnosis
acceptance and termination of pregnancy in central India
amongst the tribal community is very encouraging [3]. They
found in their preliminary report that despite high prevalence
of sickle cell gene the number of couples who underwent
PND was less. This occurred mainly due to large number of
women coming late for their first antenatal checkup, mostly
during last trimester of pregnancy. We are sure that all these
problems can be solved by genetic counselling before the
test taking into account their belief, religious background
and awareness among the general public.
Thus, prenatal diagnostic facility for cases of
hemoglobinopathy is established in the state of Odisha
successfully for the first time in a tertiary Health care Centre
at Apollo Hospital, Bhubaneswar. It is interesting to note
that -thalassemias are prevalent in coastal districts and
Sickle Cell Disease in Western and Southern Odisha. As
opposed to other states of India, the prevalence of both
sickle and β-thalassemia is found in Odisha and so also the
cases of double heterozygous i.e. sickle thal and E-thal etc.
(Figure 2). Some increased awareness amongst medical
fraternity and general public will certainly bring down the
load of hemoglobinopathy in the state of Odisha.
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