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Abstract

Purpose Our aim was to identify couples at risk of having

a homozygous or compound heterozygous child with a

severe hemoglobinopathy by antenatal screening and pre-

natal diagnosis in Surat, South Gujarat.

Method Pregnant women were screened for hemoglobin-

opathies by means of red cell indices, the solubility test,

cellulose acetate electrophoresis tests, and confirmation by

HPLC. Husbands of the pregnant women having hemoglo-

binopathies were counseled and screened for hemoglobin-

opathies. The couples at risk were again counseled and

referred to the National Institute of Immunohematology,

where mutations in parents and fetuses were identified by

molecular analysis. After prenatal diagnosis, the continuing

pregnancies were followed up and infants were tested at

birth.

Results Out of 3,009 women, 37.04, 52.6, and 10.3 %

were in the first, second, and third trimester of pregnancy,

respectively. Among those having hemoglobinopathies, 102

(3.38 %) had the b-thalassemia trait, 46 (1.5 %) the Sickle

cell trait, and 26 (0.86) had hemoglobin variants like Hb

DPunjab, Hb E, Hb DIran, Hb QIndia, Hb JParis-I, and Hb

OIndonesia. Out of the 14 couples at risk of having an affected

child, 11 (78.5 %) couples opted for prenatal diagnosis.

Three fetuses had homozygous b-thalassemia and hence the

pregnancies were terminated. Follow up of normal or het-

erozygous fetuses confirmed the diagnosis.

Conclusion During antenatal screening, we found many

Hb variants of b and a globin chains. Late antenatal regis-

tration, non-cooperation of the husband for investigation,

and refusal for prenatal diagnosis are the main hurdles in the

hemoglobinopathy prevention program and awareness is

necessary.
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Introduction

Hemoglobinopathies, the inherited disorders of hemoglo-

bin (Hb) are divided into three groups: structural hemo-

globin variants, the thalassemias characterized by the

reduced rate of synthesis of one or more globin chains, and

the condition in which fetal hemoglobin synthesis persists

beyond the neonatal period, collectively known as heredi-

tary persistence of fetal hemoglobin [1].
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Because of social, cultural, and religious taboos, as well

as ignorance about the disease and family influences, control

of thalassemia is a major problem in India. The approaches

for prevention include mass screening for carriers, premar-

ital counseling, antenatal screening, and prenatal diagnosis.

In India, many studies have shown that antenatal screening

followed by prenatal diagnosis is the most feasible for the

prevention of birth of homozygous children [2, 3].

In this study, we aimed to detect couples at risk and

offer them genetic counseling and the option of prenatal

diagnosis by antenatal screening for hemoglobinopathies in

Surat city. This has also enabled us to know the prevalence

of hemoglobinopathies in the population in Surat.

Materials and Methods

The study was approved by the Institutional ethics com-

mittee. We obtained permission from leading gynecologists

and collected pregnant women’s samples from different

maternity hospitals of Surat city for antenatal screening of

hemoglobinopathies. After taking informed consent in the

local language, two ml blood was collected in EDTA. All

the samples were tested for red blood cell indices [4] on an

automated cell counter MEK-5216K (NIHON KOHDEN,

Japan), solubility test [5], and cellulose acetate electropho-

resis at pH 8.9 [4]. The samples showing Hb A2 [3.5 %

were diagnosed as b-thalassemia trait (BTT). The doubtful

cases (Hb A2 3.5–3.9 %), all heterozygous and structural Hb

variants, were confirmed by high performance liquid chro-

matography (HPLC) on a Hb variant testing system (BioRad

Laboratories, Hercules, USA) [6]. Husbands of pregnant

women having hemoglobinopathies were called for coun-

seling and screened for hemoglobinopathies. The couples at

risk for hemoglobinopathies were again counseled for pre-

natal diagnosis and referred to the National Institute of

Immunohaematology (NIIH), Mumbai. Chorionic villus

sampling (CVS) was performed by the gynecologist tran-

sabdominally under the ultrasound guidance between 9.5

and 13 weeks gestation and fetal blood collection between

18 and 21 weeks gestation. The villus tissue was cleaned

under a dissecting microscope (Nikon, Tokyo, Japan) to

remove any maternal residual contamination.

The fetal DNA from CVS or the fetal blood sample was

extracted using the Qiagen Mini Blood Kit and was col-

lected in 50 lL of the AE buffer provided. Maternal con-

tamination in the fetal cells was checked by the nested PCR

method for a variable number of tandem repeats (VNTR).

The mutation was detected by a stepwise approach. In

the first step, six common Indian mutations [IVS 1 nt

5 (G ? C), IVS 1 nt 1 (G ? T), Cd 8/9 (?G), Cd 41/42

(-CTTT), Cd 15 (G ? A), and Cd 30 (G ? C)] causing

b-thalassemia along with Hb S and Hb E were screened by

covalent reverse dot blot hybridization using China 1 and

PCO 6 (Sigma Genosys, Bangalore, India) and a hybrid-

ization step [7]. If no mutations were detected in these

samples, then they were analyzed for the 7th common

mutation (619 bp deletion) and 28 other known, but less

common, mutations reported among Indians by means of

the amplification refractory mutation system (ARMS) [8].

The uncharacterized samples were directly sequenced on

the ABI PRISMTM BIO automated DNA sequencer using

the Big Dye Terminator Kit (Applied Biosystems, USA).

After prenatal diagnosis, the continuing pregnancies

were followed up and the infants rechecked at birth or at

6 months of age for confirmation of the diagnosis.

Results

Out of 3,009 women, 37.04, 52.6, and 10.3 % were in the

first, second, and third trimester of pregnancy, respectively.

The pregnant women were mainly from the Hindu, Jain,

and Muslim communities. The prevalence of various

hemoglobinopathies in them is presented in Table 1.

Among those having hemoglobinopathies, 102 (3.38 %)

had the b-thalassemia trait (BTT), 46 (1.5 %) the sickle

cell trait (SCT), and 26 (0.86) had other hemoglobin

variants including 11 (0.36 %) cases of Hb DPunjab trait, Hb

E trait 7 (0.23 %), Hb DIran trait 2, Hb QIndia triat 2, Hb

JParis-I 3, and one case of Hb OIndonesia trait.

Hb D Family Variants

A total of 11 cases (0.36 %) had Hb DPunjab trait with normal

or reduced MCV (Mean ± SD = 72.8 ± 10.1) and MCH

(Mean ± SD = 22.5 ± 5.0) among the antenatal women.

Further analysis suggested that among them, two women

were Rajput from Surat and Madhya Pradesh, two were

Shaikh, and one each of the Koli, Leva, Vasava, Marwadi,

Jain, and Suthar communities. The cellulose acetate elec-

trophoresis pattern at alkaline pH showed a band at the Hb S

position, and the HPLC histogram showed a peak in the

D-window (Mean ± SD = 32.1 ± 4.3 %) (R.T. 4.12–4.14

min) which confirms Hb DPunjab heterozygosity.

Hb D-Iran heterozygous was found in two cases

belonging to the Muslim community from Rajasthan. The

MCV (84.2, 73.7 fL) and MCH (24.6, 21.2 pg) were

reduced or normal. On electrophoresis, they showed a band

in the Hb S position and on HPLC, high Hb A2 (41.8,

42 %) (R.T. 3.64 min) which confirmed Hb DIran.

Hb E

Seven cases (0.36 %) of Hb E trait were found with normal

or reduced MCV (Mean ± SD = 77.9 ± 7.0), MCH

123

Bhukhanvala et al. The Journal of Obstetrics and Gynecology of India (March–April 2013) 63(2):123–127

124



(Mean ± SD = 23.5 ± 3.0). They were Maratha (2),

Bengali (2), Kshtriya from Orissa (1), Kadva Patel (1), and

Chaudhary (1) from Surat. The cellulose acetate electro-

phoresis pattern at alkaline pH showed a band at the Hb A2

position and the HPLC histogram showed a peak in Hb A2

window (Mean ± SD = 28.2 ± 1.8) (R.T. 3.65 min).

Hb QIndia

Two cases showing normal red cell indices were identified

as Hb Q-India during screening. On cellulose acetate

electrophoresis, they showed a band in Hb S position and

on HPLC, an unknown peak (17.7 and 16.5 %) at R.T.

4.77 min. One woman was Punjabi and another Sindhi.

Hb OIndonesia

This woman was of the Marwadi community from Rajas-

than with reduced MCV (68.6 fL) and MCH (18.2 pg).

Cellulose acetate electrophoresis revealed an abnormal

band between Hb A2 and Hb S, and HPLC analysis showed

an abnormal peak in the C window (11.2 % R.T. 4.92).

a-gene sequencing (done at NIIH, Mumbai) showed a

heterozygous G ? A substitution at codon 116 (glutamine

to lysine) of the alpha 1 globin gene corresponding to Hb O

Indonesia.

Hb J-Paris I

Three cases showing a fast-moving band on electrophoresis

were further run on HPLC and showed an abnormal peak

(P3 = 27.8 % at R.T. 1.73 min). They were of the Muslim

community (Shaikh, Soni) from Surat. The red cell indices

were normal with reduced MCH. a-gene sequencing

showed heterozygous C ? A substitution at codon 12

(alanine to aspartate) of the alpha 2 globin gene corre-

sponding to Hb J Paris—I.

The husbands of 148 pregnant women having BTT or

SCT were requested to visit our laboratory for investigation

and 125 (84.4 %) were investigated for hemoglobinopa-

thies. Among them, 14 were found to have BTT. Table 2

gives the data of mutations identified in them.

These couples were again counseled for prenatal diag-

nosis, but three couples were not convinced. Out of 11

couples who agreed for prenatal diagnosis, three had thal

major (Homozygous) fetuses, and hence they opted for

medical termination of pregnancy (MTP). Pregnancies with

normal or BTT fetuses were continued. We investigated the

infants 6 months after the birth. All were found to be

thalassemia minor or normal, and hence the findings cor-

related with the prenatal diagnosis results.

Discussion

The approaches to prevent the birth of a thalassemia major

child include carrier screening, premarital counseling, and

prenatal diagnosis. Different counties have had varied

experiences and no single strategy can meet the needs of

Table 1 Prevalence of hemoglobinopathies in different religious

groups

Religion No screened BTT SCT Other Hb variants

Hindu 2,463 79 (3.2) 43 (1.7) 18 (0.6)

Jain 248 10 (4.0) 1 (0.4) 1 (0.4)

Muslim 282 13 (4.6) 1 (0.35) 7 (2.4)

Others* 16 0 1 0

Total 3,009 102 (3.38) 46 (1.5) 26 (0.86)

Figures in the parenthesis indicate % values

* Others include Buddhist, Christian, and Zoroastrian

Table 2 Mutations identified in couples and fetuses

Patient Caste/community Mutation in couple Fetal mutation

MD Ghanchi W: FS 41-42 (CTTT) FS 41-42 (CTTT)

H: FS 41-42 (CTTT) Hetrozygous

LPl Ghanchi W: IVS 1-5 (G–C) IVS 1-5 (G–C)

H: FS 41-42 (CTTT) Hetrozygous

CJ Koli Patel W: IVS 1-5 (G–C) IVS 1-5 (G–C)

H: IVS 1-5 (G–C) Hetrozygous

SM Sindhi W: IVS 1-1 (G–T) IVS 1-1 (G–T)

H: FS 8/9 (?G) Hetrozygous

CB Mahyavanshi W: codon 6 (A–T) Codon 6 (A–T)

H: codon 6 (A–T) Hetrozygous

DJ Dhodia Patel Not opted for prenatal diagnosis

PB Odia Not opted for prenatal diagnosis

KSZ Muslim W: Cd 5 (–CT) Cd 5 (–CT)

H: IVS 1-5 (G–C) Hetrozygous

SRT Muslim W: IVS 1-5 (G–C) IVS 1-5 (G–C)

H: IVS 1-5 (G–C) Homozygous

GNA Muslim Not opted for prenatal diagnosis

NSN Luhana W: IVS 1-1 (G–T) IVS 1-1 (G–T)

H: IVS 1-1 (G–T) Absent

DCS Maratha W: IVS 1-5 (G–C) IVS 1-5 (G–C)

H: IVS 1-5 (G–C) Homozygous

CYH Mahyavanshi W: codon 6 (A–T) Codon 6 (A–T)

H: codon 6 (A–T) Homozygous

TSD Odiya W: codon 6 (A–T) Codon 6 (A–T)

H: codon 6 (A–T) Absent

W Wife, H Husband
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every population. Premarital screening for b-thalassemia is

not widely acceptable in India because of social and cul-

tural taboos. Antenatal screening is the important step to

identify women having the risk of producing a child

affected with hemoglobinopathy. In India, many studies

[2, 3] have reported the success of antenatal screening

followed by prenatal diagnosis. Gujarat has many high-risk

communities [9] which need antenatal screening and pre-

natal diagnosis for hemoglobinopathies.

The carrier rate of b-thalassemia varies from 1 to 17 %

in India with an average of 3–4 % [10]. The overall

prevalence of BTT was 3.38 % among antenatal women.

Bhatia and Rao [11] have reported the prevalence of SCT

in tribal populations in South Gujarat, which ranges from 0

to 31.4 %. As a majority of these tribes are in the Valsad

and Dang regions, antenatal women from Surat showed

only a 1.5 % SCT prevalence.

Hb D-Punjab also known as Hb D-Los Angeles is seen

mainly in North-western India, but sporadic cases have

been reported from Gujarat [9]. This study reports 11 cases

of Hb D-Punjab trait mainly from Gujarat, except two cases

which were from Rajasthan and Madhya Pradesh. This

study also reports two unrelated Muslim cases, both from

Rajasthan having Hb DIran trait.

Hb E is widely distributed in the North-eastern states of

India [9]. This study reports Hb E trait in seven individuals.

They belonged to the Maratha community from Maha-

rashtra, Bengalis, Odia from Orissa, Kadva Patel, and

Chaudhary from Surat.

Hb O-Indonesia is also known as Hb Buginese-X. It was

reported in India in a Muslim from Maharashtra by Nair et al.

[12]. We detected it in a Marwadi woman from Rajasthan.

Hb J Paris-I also known as Hb J-Alijezur was first descri-

bed in a woman of Spanish origin living in Paris. Subse-

quently, it was observed in Portugal, Iran, Yugoslavia, and

Italy. In India, it was first observed in a North Indian of

Punjabi Hindu origin [13]. In this study, we found three

Muslim cases (Shaikh, Soni) from Surat having Hb JParis I trait.

The first case of Hb Q-India was from India, reported by

Sukumaran et al. in 1972 [14] in a Sindhi family with

associated b-thalassemia. Phanasgaonkar et al. [15] repor-

ted 64 cases, a majority of them were originally from Sindh

in Pakistan and the remaining were North Indians. We

found two cases from the Sindhi and Punjabi communities.

In our study, the majority of the women had registered

in the antenatal clinic after completion of the first trimester,

and 10.3 % of them had registered after completion of the

second trimester when MTP is not possible. Thus, the main

hurdle for prenatal diagnosis is the late visit to the antenatal

clinic. Out of 148 husbands of BTT/SCT cases, 23

(15.6 %) refused to be investigated, which shows a lack of

awareness to understand the importance of screening for

hemoglobinopathy. Three out of 14 couples requiring

prenatal diagnosis refused to give consent for prenatal

diagnosis. The other obstacles were late registration and

non-cooperation of the family for further investigation.

Conclusion

During antenatal screening, we found many Hb variants of

b and a globin chains in Surat city. Late antenatal regis-

tration, non-cooperation of the husband for investigation,

and refusal for prenatal diagnosis are the main hurdles in

the hemoglobinopathy prevention program, and awareness

is necessary.
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