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Abstract Prevention of birth of thalassemia major children
by identification of risk couples and prenatal diagnosis has
been recommended as a realistic and cost effective method
for control of thalassemia. We present our experience of
antenatal thalassemia screening and prenatal diagnosis
(PND) in a tertiary care teaching hospital. All antenatal
women presenting to the antenatal clinic over 6 years were
counseled for beta thalassemia screening. If the lady was
detected heterozygous for thalassemia/hemoglobinopathy,
partner screening was advised. If the husband was also
detected to be heterozygous, the risk couple was offered
prenatal diagnosis by chorionic villus tissue DNA analysis.
A total of 5392 antenatal women were counseled for beta
thalassemia screening, with compliance in 4376 (81.1%)
cases. Beta Thalassemia heterozygosity was detected in
147(3.4%) cases, borderline HbA2 in 75(1.7%) and other
hemoglobin variants in 91(2.1%). Partner screening was
advised in 313 (7.1%) affected antenatal women, with
non-compliance in 33.8% cases. Of 27 risk couples identi-
fied, prenatal diagnosis was done in 19 couples, detecting
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3 affected fetuses. In 8 couples, PND could not be done
because of late gestation, financial constraints, lost follow
up, failed CVS tissue aspiration and miscarriage prior to
CVS tissue biopsy. Late presentation to the antenatal clinic,
non-compliance to screening advice and financial constraints
could be the factors impeding the thalassemia control pro-
gram. This emphasizes on the need for community level
awareness and inclusion of Thalassemia screening and pre-
natal diagnosis in the healthcare system.
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Introduction

Inherited disorders of hemoglobin are the most common
monogenic disorders in the world with most of the affected
children being born in developing and low-income coun-
tries [1, 2]. Approximately 7% of the population worldwide
carries the gene for thalassemia or structural hemoglobin
variants. Over 3,00,000 severely affected babies are born
annually worldwide, of which approximately 56,000 have
thalassemia major [3]. In India, the overall prevalence of
B-thalassemia carrier state varies from 3—4%, while in some
communities it ranges from 5%-15% [4, 5]. About 10,000 to
12,000 thalassemia major births occur each year in India [6,
7]. The north Indian state of Punjab has a high prevalence
of B-thalassemia carrier state with a predicted 170 annual
thalassemia homozygous births, considering the state pop-
ulation of 27.7 million (https://censusindia.gov.in/census.
website/data/data-visualizations/PopulationSearch_PCA _
Indicators.) [8]. However, due to the lack of a national reg-
istry, the extrapolated figures may underestimate the disease
burden.
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Thalassemia causes significant morbidity and mortality in
sub-optimally managed patients and is also a financial and
social burden on the family. It is a drain of precious health-
care resources especially in developing countries. Prevention
of birth of thalassemia major babies has been recommended
as a realistic and cost effective method for thalassemia con-
trol. This can be achieved by thalassemia screening, aware-
ness generation, identification of at risk couples, genetic
counseling, and prenatal diagnosis which forms the basis
of any community level thalassemia control program [9].
We report our experience of 6 years in screening, diagnosis
and prenatal testing of beta thalassemia in antenatal patients
reporting to a tertiary care teaching hospital.

Materials and Methods

This study was done in the Thalassemia Molecular Genet-
ics Laboratory, Department of Pathology of a tertiary care
teaching hospital in North India. The data was retrospec-
tively collected from the patient medical records and elec-
tronic database over a period of 6 years from April 2014 to
March 2019 and later from March 2022 to March 2023. The
break in study was due to the Covid-19 pandemic restric-
tions. The laboratory has approval from the local health
authority as a certified genetic laboratory to carry out pre-
natal diagnosis. Necessary consent for prenatal diagnosis
procedure was obtained. Under the Institutional antenatal
thalassemia control program, all antenatal patients attending
the antenatal clinic irrespective of the gestational age were
counseled and referred for thalassemia screening. In case
the lady was detected to have thalassemia, hemoglobinopa-
thy or a combination of the two, screening for husband was
advised. To avoid delay in risk assessment, the couple was
telephonically contacted and advised for partner screening.
Non complying couples were counseled and encouraged for
partner screening on their subsequent visit to the antenatal
clinic.

Venous blood was collected in 2 ml K2-EDTA evacuated
containers. Complete blood count was done using Beckman
Coulter LH750 automated hematology analyzer. Leishman
stained peripheral blood smears were evaluated. Thalas-
semia screening was done by Biorad D10 Hemoglobin test-
ing system (Biorad Laboratories, USA) using the D10 Dual
HbA2/F/Alc program. Manufacturer supplied lyophilized
bilevel quality control (Lyphochek Hemoglobin A2 Con-
trol) were run with each batch. The instrument is based on
the principle of cation exchange-High Performance Liquid
Chromatography (CE-HPLC).

A diagnosis of beta thalassemia trait was made when
HbA?2 was between 4 and 9%. Cases with HbA2 in the range
of 3.5%-3.9% were reported as borderline HbA?2 level. DNA
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Fig. 1 Distribution of Antenatal Cases by Trimester of First Presen-
tation to antenatal clinic (n=4376). The pie chart depicts the distribu-
tion of antenatal cases based on the trimester of their initial presenta-
tion to the antenatal clinic

study/beta globin gene sequencing was advised when the
partner had borderline HbA?2 levels or beta thalassemia trait.

Couples consenting to undergo prenatal diagnosis were
registered in compliance with the prevailing local health
body prenatal diagnostic testing rules. Screening was done
for nine common beta thalassemia mutations: CD8/9(+ G);
CDI15(G-> A); IVS1-1(G>T); IVS1-5(G > C); CD41/42(-
CTTT); CD30(G > C); 619 bp-deletion; Cap Site + 1(A>C)
and -88(C >T). Three structural variants [HbE, HbS and
HbD] were also screened. Mutation detection was done
by Restriction Fragment Length Polymorphism (RFLP)/
Amplified Refractory Mutation System-Polymerase Chain
Reaction (ARMS PCR) as per established protocol [10].

Chorionic villus sampling (CVS) was done by trans-
vaginal ultrasound guided procedure, wherever indicated,
between 11 to 14 weeks of pregnancy. CVS tissue was
cleaned under a dissecting microscope to remove the mater-
nal decidua. DNA extraction from the chorionic villi was
done by the QiaAmp DNA extraction kit (Qiagen, Hilden,
Germany). DNA from parental blood was also extracted.
Maternal contamination was excluded by variable number
tandem repeat (VNTR) analysis for the polymorphic mark-
ers ACTBP2, D1S80 and ApoB using established protocols
[11]. DNA from CVS tissue was evaluated for the parental
thalassemia mutations. In couples detected with an affected
fetus, non-directive counseling was given.

Results

During the study period, 5392 patients were counseled and
advised for beta thalassemia screening on their first visit to
the antenatal clinic. Of these, 4376 (81.1%) patients com-
plied with thalassemia screening advice. More than half of
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Table 1 Results of Beta Thalassemia screening in antenatal cases
(n=4376)

Results of HPLC testing Number of cases Percentage
Normal 4063 92.8
Beta Thalassemia Trait 147 34
Borderline HbA2 75 1.7
HbD-Punjab Trait 49 1.1
HbQ-India Trait 16 0.4
Sickle Cell Trait 8 0.2
HbD-Iran Trait 7 0.2
HbE-Trait 5 0.1
Raised HbF 3 0.1
HbD Punjab-Beta Thalassemia 2 0.05
Hb Lepore Trait 1 0.02

Table 2 Red cell indices in borderline HbA2 and beta thalassemia
trait antenatal cases

Parameter(Units) Borderline HbA2 BTT [)—Vallue’ﬁ'k
(n=175) (n=147)

RBC(*10%ml) 42+0.4 5.1+0.7 <0.001

Hb(g/dl) 11.9+1 10.1+1.1

HCT(%) 36.4+2.7 329+3.5

MCV(fl) 87.8+7 65.2+6.3

MCH(pg) 28.7+2.8 20.1+£2.6

MCHC(g/dl) 32713 30.7+£2.2

RDW-CV(%) 148+1.9 17.4+2.3

Hb A (%) 854+1.8 82.8+2.2

Hb A2(%) 3.6+0.1 5.8+0.7

Hb F (%) 0.3+0.5 1.1+1.2

#Students t test

the antenatal cases presented in the first trimester of preg-
nancy (Fig. 1).

Three hundred thirteen (7.1%) antenatal patients with
hemoglobin disorders warranting partner screening were
identified. Of these, 147 (3.4%) had beta thalassemia trait,
75 (1.7%) had borderline HbA?2 values (3.5-3.9%), while
91(2.1%) had other hemoglobin disorders (Table 1). Red
cell indices in borderline HbA2 and beta thalassemia trait
cases showed statistical significant difference (Table 2).
Partner screening was advised in all these 313 antenatal
cases (Fig. 2). Non-compliance to partner screening advice
was seen in 106/313 (33.8%) couples. Of the 207 antena-
tal cases where partner screening was done, the husband
was detected to have normal HbA2 levels in 169 (81.6%)
cases and the risk of an affected child was excluded. In 38
(18.3%) couples, both husband and wife had a hemoglobin
disorder, however only 27 couples had the risk of having a
child with clinically severe form of the disease, depending

on the mutations carried by the parents (Fig. 2). Of these 27
at risk couples, 10 had a thalassemia major child from ear-
lier pregnancy, while 17 at-risk couples were detected under
the screening program. These couples were counseled and
offered prenatal diagnosis.

PND procedure was done in 19 at risk couples. The fetus
was unaffected in 16 cases while in 3 cases, the fetus was
affected. All the three couples bearing the affected fetus
opted for termination of pregnancy. In 8 couples, PND could
not be done because of late gestation age (3 cases), financial
constraints (2 cases), failure to aspirate CVS tissue (1 case),
lost to follow up (1 case) and miscarriage prior to CVS tis-
sue biopsy (1 case). The cases presenting in late gestational
age were counseled and referred to higher center for PND
by amniocentesis.

In two antenatal cases with B-thalassemia trait, partner
screening showed borderline HbA2 (3.9% each) levels with
normal red cell indices. In both cases, partner thalassemia
mutation screening detected the capsite + 1 (A > C) muta-
tion. PND in one of these couples showed an unaffected
fetus and the couple continued with the pregnancy. PND
testing in the other couple detected an affected fetus, which
the couple opted to terminate. In the subsequent pregnancy,
this couple again presented for PND. Homozygosity was
excluded and the couple continued with the pregnancy.
The various thalassemia mutations detected in the ANC
couples who presented for PND were IVS 1-5(G > C), IVS
1-1(G>T), Cd 8/9(+G), 619 bp del, CD 41/42(-CTTT) and
capsite + 1(A > C). There was no case of misdiagnosis dur-
ing prenatal testing.

Discussion

The key findings of our study were late presentation of a
considerable number of pregnant women to the antenatal
clinic and non-compliance in nearly one thirds of cases for
partner screening. Late presentation to the antenatal clinics
and non-compliance to thalassemia screening advice has
been reported to be a setback in thalassemia control even in
populations where medical expertise and thalassemia con-
trol technology is available. In our study, late presentation
(in 2nd / 3rd trimester) to the antenatal care clinic was seen
in 43% of pregnant women. Similar findings were reported
by a recent study from north India with 42.7% pregnant
women presenting to the health care facility late in the
pregnancy [12]. An earlier large scale study from western
India done in 61,935 antenatal cases from various public
hospitals, had reported late antenatal clinic presentation
in 81% cases [13]. An earlier Indian Council of Medical
Research (ICMR) sponsored study from our institute had
also reported 78.1% antenatal cases presenting late in the
2nd/ 3rd trimester [14].

@ Springer
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Fig. 2 Flowchart of Ante-
natal Thalassemia Control
Programme and Prenatal

Diagnostic (PND) Testing.

ANC screened 4376 (81%), out of
5392 attending the ANC Clinic

The flowchart illustrates the |
process of case recruitment and
outlines the outcomes of the
Antenatal Thalassemia Control
Programme, including Prenatal
Diagnostic (PND) testing results

Normal
4063 (92.8%)

Non Compliance to Partner

|
Beta Thalassemia/Hemoglobinopathy detected
313 (7.1%)

Partner screening done

screening
0,
106 (33.8%) 207 (66.2%)
| -
I 1
P N | Partner-
artner-Norma Hemoglobinopathy
0,
169 (81.6%) 38 (18.3%)
]
| 1
Couple at-risk of Thal Major child PND -Not indicated
27 couples 11 couples
|
| |
PND Done: PND-Not Done
19 couples 8 couples

Unaffected Fetus

16 cases - Late gestation for PND (3)
- Financial constraints (2)
- Miscarriage prior to CVS biopsy (1)
Affected fetus - CVS aspiration failed (1)
3 cases

The overall prevalence of hemoglobin disorders
among the ANC cases was 7.1%, which comprised of
f thalassemia (3.4%), HbD Punjab (1.1%), borderline
HbAZ2 levels (1.7%) besides other hemoglobin disorders
(1.0%). In a study of 7737 antenatal cases in New Delhi,
the prevalence of thalassemias/hemoglobinopathy and
B-thalassemia trait was reported 6.0% and 5.0% respec-
tively. This could be attributed to Delhi being a cosmo-
politan city with an admixture of population. Further, the
cases enrolled were also pre-screened for thalassemia by
NESTROFT or complete blood count [15]. A study from
another city of Punjab had reported a low (4.53%) overall
prevalence of hemoglobin disorders [16], while a study
from the same city as ours reported a comparable 6.73%
overall prevalence [17]. Regional and community differ-
ences in hemoglobin disorders have been reported and
micromapping of hemoglobinopathies has been empha-
sised [18].

A 3.96% prevalence of beta thalassemia trait was reported
from our center, under a large-scale thalassemia screening
in 9991 cases from the general population [8]. Another
hospital based study done on 2509 reproductive age group
females from the same city had reported beta thalassemia
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- Lost to follow up (1)

trait prevalence 4.86% [17]. The variation may be attributed
to the difference in study sample size.

Although partner screening (in antenatal patients with
beta thalassemia / structural variants) was advised by a per-
sonal telephonic call, non-compliance for partner screen-
ing advice was recorded in 33.8% cases. A previous ICMR
funded study from our center had reported non-compliance
in 20.6% cases [14]. In another study from North India,
42% non-compliance to screening advice was recorded
[12]. A 31% non-compliance to partner screening advice
was also reported in a study from Western India [13]. The
non-compliant couples potentially remain at-risk of having
an affected child in case the unscreened partner is also a
carrier. In the current study, though first trimester antenatal
clinic presentation among pregnant women has improved
(43%) over the years, non-compliance with partner screening
advice was still observed in a significant proportion (33.8%)
of cases.

In our study, borderline HbA2 levels ranging from
3.5-3.9% was detected in 1.7%of the antenatal cases.
In another study from the North of India done in 752
cases, borderline HbA2 levels (3.1-3.9%) were recorded,
in 3.1% beta thalassemia carriers who were parents of
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children with homozygous thalassemia [19]. In two
couples from our study, the lady was a beta thalassemia
carrier and the husband was detected to have borderline
HbAZ2 level (3.9% each). Molecular diagnosis confirmed
capsite + 1 (A > C) mutation in the husband. In India,
capsite + 1(A > C) and poly A (T > C) are the common
silent mutations presenting with borderline HbA2 levels
and near normal/ mildly reduced red cell indices [5, 20].
Borderline HbA?2 level in thalassemia heterozygotes has
also been related to coexisting delta gene mutations and
a spectrum of other mutations [21].

Rangan et al. in a pilot study from North India had
demonstrated presence of an underlying beta thalassemia
mutation in 32% (8/25) cases with borderline HbA?2 levels
[20]. Various studies have emphasized that in areas with
high prevalence of beta thalassemia carriers, detecting
borderline HbA2 levels is not a rare event. It is necessary
to investigate these cases at a molecular level, particularly
if the partner is a carrier of B-thalassemia [22, 23]. This
further emphasizes upon the need to evaluate the beta
thalassemia mutation pattern in patients with borderline
HbAZ2 levels, which can contribute significantly to the
success of a thalassemia control program.

Prenatal diagnosis has been the widely accepted proce-
dure worldwide to reduce the burden of thalassemia [24].
In our ANC screening program, 27 at-risk couples were
alerted and three affected fetus births were prevented.
Ten couples who had a pB-thalassemia major baby from
previous pregnancy presented voluntarily for PND in the
subsequent pregnancy. These couples were not screened
for B-thalassemia during earlier pregnancy, which reflects
the lack of awareness at the population level as well as
among healthcare providers. One of the at-risk couple, in
the previous pregnancy had declined prenatal diagnosis
and delivered a thalassemia major child. In the subsequent
pregnancy, the couple voluntarily presented for the PND
procedure, which detected an unaffected fetus and the
couple continued with the pregnancy.

In 8 at-risk couples, PND could not be done because
of late gestation age (3 cases), financial constraints (2
cases), failure to aspirate CVS tissue (1 case), lost to fol-
low up (1 case) or miscarriage prior to CVS tissue biopsy
(1 case). An earlier study from Hong Kong had evaluated
the causes for birth of thalassemia major children in com-
munities with PND based Thalassemia control program,
and found lack of maternal screening, late antenatal vis-
its, lack of paternal screening, and occasional parental
refusal as the major setbacks [25]. In our study also lack
of awareness in general public and healthcare providers,
late presentation to antenatal clinics and financial con-
straints were found to be the setbacks for optimal thalas-
semia control.

Conclusion

In absence of a definitive cure, screening and prenatal diag-
nosis based prevention strategies hold the promise for con-
trol of thalassemia. Late presentation to antenatal clinics and
non-compliance with screening protocols remain formidable
obstacles to the effective implementation of thalassemia con-
trol programs. Additionally, the financial constraints associ-
ated with both screening and prenatal diagnosis emerge as
significant contributing factors to this challenge. The study
thus reinforces a multifaceted approach of prioritizing mass
awareness, accessibility, and early intervention, integrated
with affordability of prenatal testing, which is needed to
reduce the burden of Thalassemias and Hemoglobinopathies.
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