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ABSTRACT
Introduction: Hemoglobinopathies are a group of inherited
disorders because of abnormalities in hemoglobin synthesis
or structure. Thalassemia and sickle cell anemias are the most
prevalent hemoglobinopathies and a national health burden.
To reduce this burden, detecting them in the carrier stage is
crucial. The health of pregnant women determines the future
of the progeny. Hence identifying these disorders during the
antenatal period is necessary to take the appropriate measures. Complete blood count (CBC) and peripheral smear are
routinely done investigations during antenatal check up. Red
blood cell (RBC) indices like mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH) can be used for
initial screening, followed by electrophoresis for detecting these
hemoglobinopathies.
Aim: To determine the prevalence of hemoglobinopathies during
antenatal period using red blood cell indices for screening.
Materials and methodology: The study included 80 pregnant women whose CBC revealed MCV ≤ 80 fL, MCH ≤ 27
pg and microcytic hypochromic picture on peripheral smear.
Hemoglobin electrophoresis was done to detect hemoglobinopathies.
Results: Elevated HbA2 fraction (> 3.5%) was found in 5
(6.25%) women suggestive of β-thalassemia trait. HbA and
HbS bands were present in 3 (3.75%) subjects suggestive of
sickle cell trait.
Conclusion: Red blood cell (RBC) indices, MCV and MCH, can
be used for initial screening of hemoglobinopathies followed by
more confirmatory methods (electrophoresis). Detection of these
hemoglobin disorders in the carrier stage would thus be possible.
Clinical significance: Simple screening methods can reduce
the incidence of the most prevalent hemoglobinopathies
(β-thalassemia trait and sickle cell trait/disease) during antenatal care.
Keywords: Antenatal, β-thalassemia trait, Red blood cell
indices, Sickle cell disease/trait.
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INTRODUCTION
Hemoglobinopathies are a group of inherited conditions
characterized by abnormalities in synthesis or structure
of hemoglobin (Hb). World Health Organisation (WHO)
estimates that 7% of the world population is a carrier of
Hb disorders, leading to high morbidity and mortality.
To reduce the burden of this highly prevalent monogenic
disorders, detecting them in the carrier stage is crucial to
prevent disease progression.1
In India, thalassemia and sickle cell anemia are the
most prevalent hemoglobinopathies. The burden of
thalassemia carriers in India is 3 to 4%, and 8000 to 10,000
children are diagnosed with thalassemia major at birth.2
Average frequency of sickle cell disease is 4.3%. It is prevalent in many central states of India like Gujrat, Maharashtra, Madhya Pradesh, etc., and in southern states of
Telangana, Kerala.3
The health of pregnant women determines the future
of the progeny. The concept of “fetal origin of adult
disease” has gained immense importance in recent years.
The effect of maternal hematological parameters on
obstetric outcome has public health importance. These
indicators are associated with infant health and survival
and influences intrauterine development and health in
later life.4 Investigations to determine the genetic burden
of Hb disorders during antenatal care is thus the need
of the hour.
The clinical presentation of hemoglobinopathies
varies widely from being asymptomatic on one hand
whereas, on the other hand, it can be a life-long condition
requiring regular blood transfusions.5 Not only this, it
needs to be distinguished from iron deficiency anemia.
In India, the prevalence of iron deficiency anemia is
high in the general population. During pregnancy there
is an additional requirement of iron, hence there is an
increased likelihood of developing this nutritional deficiency. Though iron deficiency anemia (IDA) and hemoglobinopathies, especially beta thalassemia trait (β-TT),
may differ in their clinical manifestations they show some
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common diagnostic characteristics and create a dilemma.
Microcytic hypochromic peripheral smear is a common
finding in both these conditions. Differentiating them is
crucial from a therapeutic aspect, as IDA would require
iron supplementation whereas it is necessary to prevent
thalassemia syndrome in thalassemia carriers.6-8
Complete blood count and peripheral smear examination are simple and routinely done investigations
during antenatal care. This study aimed to assess the
use of RBC indices for initial screening followed by
electrophoresis to determine the occurrence of hemoglobinopathies during the an tenatal period.

The samples with MCV ≤ 80 fL, MCH ≤ 27 pg were
further taken for electrophoresis.
Hemolysate was prepared and used for electrophoresis.
Hemoglobin electrophoresis was performed on semiautomated helena SAS-MX The normal Hb fractions in
adults are adult Hb, HbA composed of α2β2 globin chains
(95 to 98%), minor Hb, HbA2 comprising of α2δ2 globins
(2 to 3%), and fetal Hb, HbF made of α2γ2 globins (up
to 2%).
A value of HbA2 > 3.5% was taken as the cut-off for
determining thalassemia trait.10,11

MATERIALS AND METHODOLOGY

RESULTS

The study was carried out throughout 2 months from 1st
August to 30th September 2016 at a tertiary care center.

Selection of Subjects
Pregnant women attending the obstetric outpatient
department (OPD) for antenatal care who had either:
• History of unexplained anemia or
• The family history of anemia or hemoglobinopathy

Inclusion Criteria
Subjects between age 20 and 40 years with no known
medical disorder, and irrespective of the trimester.
The study included 80 antenatal women with:
• Complete blood count (CBC) showing means corpuscular volume (MCV) ≤ 80 fL, mean corpuscular hemoglobin (MCH) ≤ 27 pg and microcytic hypochromic
picture on peripheral smear.9

Exclusion Criteria
Subjects already diagnosed to have hemoglobinopathy
or have been screened previously.
• Subjects with iron deficiency anemia were also
excluded.
• Institutional ethical committee clearance was
obtained.
• Written informed consent was taken from the subjects.
The following investigations were carried out:
l Complete blood count on sysmex automated hematology analyzer KX-21.
l Hemoglobin(Hb) electrophoresis on semi-automated
Helena SAS-MX.

The results revealed that out of the 80 pregnant women
whose RBC indices showed microcytosis (MCV < 80 fL,
MCH < 27 pg),5 (6.25%) women had elevated HbA2 fractions (> 3.5%) suggestive of β-thalassemia trait. Figure 1
shows hemoglobin electrophoresis with elevated HbA2
fraction.3 Total of 3.75% women had HbA and HbS band
on electrophoresis indicative of sickle cell trait. Figure 2
shows the HbA and HbS band on electrophoresis of a
woman with sickle cell trait.
Table 1 gives the hematological data expressed as a
mean ± standard deviation.
The mean age of women included in the study was
24 ± 4 years. The mean hemoglobin (Hb) values were
9.08 ± 1.7. Out of the 80 pregnant women 7.5% had severe
anemia (Hb < 7gm/dL), 53.75% moderate anemia (Hb 7 to
9.9 gm/dL) whereas 22.5% had mild anemia (Hb10–10.9
gm/dL).
Table 2 shows the hematological data of women with
β-thalassemia trait and sickle cell trait. The MCV, MCH
values were higher in women with sickle cell trait as
compared to the thalassemia trait, whereas the Hb and

Sample Collection and Analysis
The samples were collected in EDTA bulbs. They were
then analyzed on sysmex automated hematology analyzer KX-21. The CBC report was studied and RBC indices
were noted.

Fig. 1: Hemoglobin electrophoresis showing elevated
HbA2 fraction indicative of β-thalassemia trait
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RBC were lower in sickle cell trait when compared with
β-thalassemia trait.

Fig. 2: Hemoglobin electrophoresis: Presence of ‘A’ and ‘S’
bands, suggestive of sickle cell trait
Table 1: Mean values and standard deviation
of haematological data
Mean +/– SD
9.08 +/– 1.7
69.23 +/– 7.55
20.90 +/– 3.49
4.3 +/– 1.6

Parameters
Hb (gm/dL)
MCV (fL)
MCH (pg)
RBC (millions/mm3)

DISCUSSION
Hemoglobinopathies are autosomal recessive inherited
disorders. Thalassemia is due to genetic defects affecting
the production of specific globin chain of hemoglobin,
α or β. In β-thalassemia, there is reduced production of
β globin chains which leads to decreased HbA (α2β2).
This imbalance is compensated by increased production
of δ and γ chains, and hence there is an increase in HbA2
(α2δ2 ) fraction and HbF.12
Sickle cell anemia occurs because of specific mutations in the β globin gene resulting in the production of
the structurally abnormal β globin chain.
If one parent has a β-thalassemia trait and the other
has normal HbA, there is 50% (1 in 2) chance of having a
child with β-thalassemia trait with each pregnancy. But
if both parents have β-thalassemia trait, the chance of
having a child with thalassemia major is 25% (1 in 4) and
being a carrier is 50%. Hence, screening of the spouse is
also important to prevent the birth of homozygous thalassemia major child.
The pattern of inheritance for sickle cell anemia is as
shown in Figure 3.
Thus, detecting sickle cell trait during the antenatal
period would be helpful to make the woman and her

Table 2: Hematological data of women with β-thalassemia trait and sickle cell trait
Hemoglobinopathy

No.of cases (%)

Hb (gm/dL)

MCV (fL)

MCH (pg)

RBC (millions/mm3)

β-thalassemia trait

5 (6.25%)

8.8 +/– 3.6

60.2 +/– 9.9

17 +/– 1.5

5 +/– 0.9

Sickle cell trait

3 (3.75%)

7.8 ± 4.4

64.7 ± 21

19.6 ± 8.8

3.9 ± 1

Fig. 3: Pattern of inheritance for sickle cell anemia
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family aware about the preventive measures and possible
complications that would arise if the child is born with
the trait or disease.13
This emphasizes the fact that detecting hemoglobinopathies during the carrier state is necessary. The
screening can be best done in the premarital stage,
but it may not be possible in all the communities and
ethnic groups, so the ideal candidate for this would be
pregnant women.
Simple hematological parameters like RBC indices
can be used to detect the carrier state.14 A decrease in
MCV < 80 fL and MCH < 27 pg indicates microcytosis
and is suggestive of thalassemia trait. In sickle cell trait,
the indices may be normal but the presence of sickle cell
shaped RBCs on peripheral smear are highly suggestive.
The confirmation of these traits has to be done by Hb electrophoresis or HPLC. Increase in HbA2 fraction > 3.5% is
an important marker of heterozygous β-thalassemia trait
which may be clinically silent.10,11
Our study has revealed that the prevalence of
β-thalassemia trait is 6.25% and sickle cell trait is 3.75%.
Similar findings were reported in earlier studies by Datar
et al., Balgir et al. and Philip et al.1,4,13
Hemoglobinopathies are known to be prevalent in
certain communities and ethnic groups in India. Apart
from these, social factors like consanguineous marriage
or marriage within the community increase the genetic
pool of mutations responsible for the disease within
the community. Hence, the best strategy for diagnosis
at the prenatal level is to encourage geographic profiling of mutation in the population.15-17 Early marriages,
low literacy rate and a general lack of awareness further
adds to the ignorance for early detection of this highly
prevalent disorder.
The carriers of hemoglobinopathies can be identified by screening. Population screening would be ideal
provided adequate technical and financial resources are
available. Premarital detection is another effective time
for screening but again may not be acceptable across all
the communities. Preconception screening can also prove
to be effective and is easily acceptable in urban areas. But
the antenatal period is the time when the family is receptive and concerned about the well-being of the newborn.
Thus antenatal detection of hemoglobinopathies would
be appropriate if done in the early gestational period.
Prenatal diagnosis would be required if carrier stage is
detected later during pregnancy and this would create
additional emotional turmoil and stress.18
Furthermore, those who are diagnosed to have trait
may be counselled and if needed advised DNA analysis.
Cascade screening of other family members and relatives
may also be carried out.

The population, in general, should be educated and
made aware of these inherited disorders.2 To tackle
this public health problem, several states have initiated control programs. This should be supported by
national thalassemic/sickle cell control program for the
better outcome. Another approach for early detection of
hemoglobinopathies is to screen all cases of microcytic
hypochromic anemia for abnormal Hb variants.19

LIMITATIONS OF THE STUDY
The study was limited by the sample size and technical
method used. High-performance liquid chromatography (HPLC) is a better method for quantitation of
HbA2 levels as well as for detection of other Hb variants. Molecular studies by DNA analysis for detecting
the exact mutation would be ideal for confirming the
cases with β-thalassemia trait and for diagnosis of
α-thalassemia.

CONCLUSIONS
Hemoglobinopathies are a group of genetic disorders
posing a national health burden. There is in general lack
of awareness among patients about this potentially preventable inherited disorder. Use of simple, cost-effective
screening methods at the antenatal care center may prove
to be helpful to diagnose these disorders. Screening for
these disorders during the first trimester of antenatal care
is possible using simple hematological parameters. The
strategy for screening is microcytic hypochromic with
reduced MCV (< 80 fL) and MCH (< 27 pg) followed by
electrophoresis. HbA2 fraction > 3.5% on electrophoresis
is an important marker for diagnosing βthalassemia carriers and presence of HbA and HbS suggest sickle cell
trait/disease. This would thus help to prevent and control
the birth of child with thalassemia or sickle cell disease.
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