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ABSTRACT

Objectives: The aim of the study was to study the incidence of thalassemia minor by determining HbA2 levels in pregnant females attending Obstetrics 
and Gynaecology OPD and HbA2 levels of husbands of positive females for beta-thalassemia trait.

Methods: The prospective study spanning over 1½ years was conducted in the Department of Pathology in 1020 pregnant females who attended the 
Gynaecology and Obstetrics OPD of Government Medical College, Patiala for antenatal check-up. The pregnant females of any trimester without any 
specific sign and symptoms whose Hb level was <10 g/dL were screened in the study. Levels of HbA2 and HbF were determined by high performance 
liquid chromatography (HPLC) and the cases with raised HbA2 value above the cutoff limit (>3.5%) were labeled as BTT. Husbands of BTT positive 
females were also screened for the trait. Incidence of all these cases was calculated and analyzed statistically.

Results: The majority of the females were in the age group of 21–30 years. In present study, we found that total 134 (13.1%) patients were having beta 
thalassemia trait. Husbands of all these positive patients were also screened for BTT and only 2 (1.49%) of them were found to be positive.

Conclusion: HPLC has the advantage for screening and detection of various hemoglobinopathies by providing rapid and accurate results. HPLC can 
detect and measure HbF and HbA2 in a single system. Early diagnosis and management of thalassemia can help in reduction of burden on society as 
well as government.
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INTRODUCTION

Human hemoglobin consists of two pairs of globin chains with 
heme group attached to each of them. The individual globin chains 
synthesized in postnatal life are designated as α, β, γ, and δ. HbA has 
two α chains and two β chains (α2 β 2); HbF has two α chains and two 
γ chains (α2 γ 2) and HbA2 has two α chains and two δ chains (α2 δ2). 
Alpha chain synthesis is directed by two α genes, α 1 and α β, on 
chromosome 16, and β and δ chain synthesis by single β and δ genes on 
chromosome 11. γ chain synthesis is directed by two genes, G γ and A γ, 
which are also located on chromosome 11 [1]. HbF is the predominant 
hemoglobin of fetal life where as in children and adults, HbA is the 
major hemoglobin. HbA2 and HbF are found in small quantities in adult 
life (2–3.3% and 0.2–1.0%, respectively). The adult proportions of 
hemoglobin A, A2, and F are usually attained by 6–12 months of age [1].

The disorders of hemoglobin synthesis can be grouped into three main 
categories:
1.	 Due to structural variants of hemoglobin, such as HbS.
2.	 Due to failure of synthesis of one or more globin chains of hemoglobin 

at a normal rate, as in thalassemias.
3.	 Those due to failure to complete the normal neonatal switch from 

fetal hemoglobin to adult hemoglobin referred to as hereditary 
persistence of fetal hemoglobin (HPFH) [1].

Thalassemias refer to heterogeneous group of disorders in which 
there is decreased or absent synthesis of one or more polypeptide 
chains (α or β) as a result of missense/non-sense mutations (single-
base substitutions) or frameshift mutations of the genes controlling 
the structure of the hemoglobin protein chains in one or both 
“allelic” globin genes causing decreased hemoglobin concentration, 

microcytosis, and anemia [2]. The two major categories are the α and 
β thalassemia while the others are rare forms. These subgroups have 
in common an imbalanced globin synthesis and the globin produced in 
excess is responsible for ineffective erythropoiesis and hemolysis. The 
thalassemias result from the effect of a number of different molecular 
defects leading to a variety of clinical and hematologic phenotypes. 
Functionally, thalassemia mutations that cause a complete absence 
of globin chain synthesis are called α0 or β0 thalassemias and that 
cause reduced rate of synthesis of globin chains are called α+ or β+ 
thalassemias [3]. Clinically, the thalassemia is classified according to 
their severity into major, intermediate, and minor forms [3].

Thalassemias are among the most common genetic disorders in the 
world and an estimated 1.5% of the worldwide population is carrier 
of β-thalassemia [4]. Thalassemia is mainly prevalent in South-east 
Asia and Mediterranean countries. Due to high rate of migration and 
inter racial marriage system, thalassemia is found all over the world in 
recent years. About 10% of the total world thalassemia patients belong 
to Indian subcontinent and among them 3–4% are carriers [5].

β thalassemia is the most common single gene disorder in India. More 
than 30 million people worldwide carry thalassemia causing defective 
gene. Carrier frequency varies from 3 to 17% in different populations [6].

Definite diagnosis of thalassemia can be made by a step-wise 
algorithmic approach, starting with a detailed clinical history, through 
hematologic evaluation complete blood count (CBC)], reticulocyte 
count, red blood cell (RBC) morphology, Naked Eye Single Tube Red Cell 
Osmotic Fragility Test (NESTROFT), protein based analytic methods 
[Hb electrophoresis or isoelectric focusing (IEF), cation exchange high 
performance liquid chromatography (HPLC), reversed phase HPLC] 
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to nucleic acid based methods such as polymerase chain reaction 
(PCR), reverse transcribed (RT)-PCR, sequencing of genomic DNA, and 
sequencing of RTPCR amplified globin cDNA of the gene of interest [7].

Individuals with trait are healthy and unaware of their carrier status. 
If both parents are carrier of hemoglobinopathy trait, there is a one in 
four chance with each pregnancy that their child will inherit a major 
hemoglobinopathy [8]. Women who are carrier for β thalassemia 
minor appear perfectly healthy, other than a mild anemia leading to 
their misdiagnosis as iron deficiency anemia [9]. Antenatal diagnosis 
especially during first pregnancy in high incidence areas was found to 
be very useful. Management becomes easier and more effective if the 
couple already know their carrier status and come for counseling in 
time [10].

Carriers of β-thalassemia have levels of hemoglobin A2 and F >3.5% 
and 2% of the total hemoglobin, respectively. HbA2 is one of the 
most important marker of β-thalassemia heterozygous carriers 
so its determination plays a key role in screening programs for 
β-thalassemia [10]. When the MCH is below 27  pg and the Hb A2 is 
above 3.5%, a diagnosis of heterozygous β thalassemia is made [11].

Quantitative evaluation of HbA2 can be made by either electrophoresis 
or by high-pressure liquid chromatography (HPLC). HPLC has the 
additional advantage of quantifying HbF at the same time. Carriers 
of the β-thalassemia trait demonstrate increased values of HbA2 and 
HbF [3].

Paucity of published data regarding prevalence of β thalassemia in 
pregnant females in region of Patiala and adjoining areas intended us 
to carry out this study.

METHODS

This study was a prospective study conducted at Pathology Department, 
Government Medical College and Rajindra Hospital, Patiala, during the 
period of 1½ year. The study included antenatal cases of any trimester 
without any sign and symptoms just like a normal screening procedure 
in all pregnant females. Out of total antenatal patients attending 
obstetric clinic, 1020  patients were randomly selected in present 
study fulfilling the inclusion criteria (Hb<10  g/dl). Husbands of BTT 
positive females were also screened for the disease. For all these cases, 

the results of hemoglobin and other red cell indices were taken into 
consideration. Mentzer index for thalassemia was calculated for all the 
results.
1.	 Informed and written consent was taken from all patients for using 

their samples for study purpose.
2.	 A 2 ml venous blood sample was collected in EDTA anticoagulant.
3.	 Hb and red cell indices were measured on an automated hematology 

analyzer (Sysmex XP100).
4.	 Mentzer index for thalassemia was calculated for all the results. Index 

of <13 was considered indicative of beta-thalassemia trait.
5.	 HbA2 and HbF were studied by HPLC method used for chromatographic 

separation of human hemoglobin. The cases with raised HbA2 value 
above the cutoff limit (>3.5%) were labeled as BTT (Figs. 1-3).

HPLC chromatograms
Incidence of all these cases was calculated and analyzed statistically.

Ethical issues
Ethical approval was taken from the Institutional Ethic Committee of 
Government Medical College, Patiala, before starting the study.

RESULTS

In the present study included 1020 patients based on inclusion criteria, 
we found that total of 134 (13.1%) patients were of beta-thalassemia 
trait. Husbands of all these positive patients were also screened for BTT 
and only 2 (1.49%) of them were positive.

Out of total 1020 cases, 134 were positive for BTT (13.1%), 886 were 
negative for BTT (86.9%) (Table 1).

Out of total 1020  patients, the majority of the patients diagnosed in 
second trimester, that is, 529 patients (56.8%) in the present study. In 
both BTT and NBTT, the majority of patients fall in second trimester 
(Table 2 and Figure 4).

Out of 1020  cases, the majority of the patients have Hb 8–10g/dl 
(783  cases=76.8%) and same scenario is seen in both BTT (69.4%) 
and NBTT (77.9%) patients. Mean Hb for (134) cases of BTT 
was (8.37±1.06%) and it differed significantly from NBTT cases 
(8.56±1.07%) (Table 3 and Figure 5).

Fig. 1: Normal high performance liquid chromatography chromatograms
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Fig. 2: Beta-thalassemia trait

MI is one of the most important indicators to differentiate between BTT 
and NBTT. A value of MI<13 is indicative of BTT.

In the present study, out of 134 cases of BTT, 101 cases had MI <13% 
which is highly suggestive of BTT. p value was calculated using Chi-

square method which was statistically significant (Table  4 and 
Figure 6).

Incidental detection of the of other hemoglobinopathies was found to 
be percentage-wise as follows HbE 0.3%, P3 window 0.3%, S window 

Fig. 3: HbE heterozygous
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Table 1: Incidence of BTT and NBTT (n=1020)

Diagnosis No of cases %
BTT 134 13.1
NBTT 886 86.9
Total 1020 100.0

Table 2: Trimester wise distribution

Period of 
Gestation
(weeks)

BTT NBTT Total

No. of 
cases

% No. of 
cases

% No. of 
cases

%

1st trimester 25 18.7 133 15.0 158 15.5
2nd trimester 80 59.7 499 56.3 529 56.8
3rd trimester 29 21.6 254 28.7 283 27.7
Total 134 100.0 886 100.0 1020 100.0
Chi‑square 3.304
p value 0.192
Significance NS

Table 3: Hemoglobin value (g/dL) in BTT and NBTT

Hb (g/dl) BTT NBTT Total

No. of 
cases

% No. of 
cases

% No. of 
cases

%

<4 0 0.0 0 0.0 0 0.0
4–6 3 2.2 28 3.2 31 3.0
6–8 38 28.4 168 19.0 206 20.2
8–10 93 69.4 690 77.9 783 76.8
Total 134 100.0 886 100.0 1020 100.0
Mean±S.D 8.37±1.06 8.56±1.07 8.54±1.07
p value 0.048
Significance S

Table 4: Distribution of Mentzer index (MI) of BTT and NBTT

MI BTT NBTT Total

No of 
cases

% No of 
cases

% No of 
cases

%

<13 101 75.4 8 0.9 49 4.8
>13 33 24.6 878 99.1 971 95.2
Total 134 100.0 886 100.0 1020 100.0
Mean±S.D 12.86±0.77 18.59±2.48 18.05±2.79
Chi‑square 676.30
p value <0.001
Significance HS

Table 5: Incidental detection of other hemoglobinopathies

Hemoglobinopathy No. of cases Percentage
HbE 4 0.3%
P3 window 4 0.3%
S window 4 0.3%
D window 3 0.2%
C window 2 0.1%
HbD Iran 1 <0.1%
HbQ trait 1 <0.1%

0.3%, D window 0.2%, C window 0.1%, HbD Iran <0.1%, and HbQ trait 
<0.1% (Table 5 and Figure 7).

In the present study of antenatal screening for BTT by HbA2 
measurement through HPLC, 134 females came out positive. As per the 

inclusion criteria of the present study, husband of all the females with 
HbA2 suggestive of BTT was tested for HbA2 levels. Husband of two 
females had HbA2 >3.5%.

Fig. 4: Trimester-wise distribution

Fig. 6: Bar chart showing distribution of mentzer index of BTT 
and NBTT cases

Fig. 7: Bar chart showing other hemoglobinopathies

Fig. 5: Bar graph showing hemoglobin value in BTT and NBTT
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Table 6: Comparison of incidence of BTT in various studies

Study Incidence of BTT
Sachdev et al. [18] (2010) 8.9%
Mohanty et al. [19] (2013) 2.78%
Bhukhanvala et al. [20] (2013) 3.38%
Hanprasertpong et al. [21] (2013) 3.7%
Kumar et al. [22] (2015) 3.3%
Mondal et al. [23] (2016) 4.60%
Konar et al. [24] (2018) 17%
Present study (2021) 13.1%

DISCUSSION

Thalassemia is a quantitative disorder of hemoglobinopathy in which the 
majority of the patients are asymptomatic so pre-natal counseling and 
screening is of utmost importance in such cases. In the present study, all 
the antenatal females who attended Obstetric OPD at Rajindra Hospital, 
Patiala were enrolled after consent for screening of BTT through HPLC, 
which is the gold standard method to determine Hb variants. HbA2 
levels were measured and females with HbA2 above the cutoff value 
(>3.5%), their spouses were also screened so as to prevent the risk of 
beta-thalassemia major children. During our course of work, while 
studying for BTT, various other Hb variants were also found incidentally.

In the present study, the incidence of BTT was found out to be 13.1% 
by measuring the levels of HbA2 through HPLC (Table  1). The majority 
of the cases were found out to be in the age group 21–30 years in both 
BTT (85.1%) and NBTT (78.9%) which might be due to the fact that 
marriageable age group in India is in 20s and to prevent high-risk pregnancy 
above 30 years of age. These findings were similar to the findings in the 
study done by Khadija et al. [12] and Baliyan et al. [13]. On the other hand, 
major chunk of the patients falls in second trimester in both BTT (59.7%) 
and NBTT (56.3%). These findings were similar to the findings in the study 
done by Colahet et al. [14] and Mendiratta et al. [15]. General awareness 
among masses regarding thalassemia is the need of hour to get screened 
before marriage or as early as possible after getting conceived so that the 
pregnancy can be timely terminated in affected patients. On correlation 
of blood groups with thalassemia, the majority of the patients were of A+ 
blood group in BTT (46.3%) and of O +ve blood group in NBTT (45.9%) 
Sinha et al. found most common blood group  O +ve in ß-thalassemia 
patient which may be due different geographical area [16].

In the present study, inclusion criteria for patients with Hb <10 g/dl 
were taken, so all the antenatal females with Hb <10 g/dl were enrolled. 
Among these females, the mean Hb for BTT was found out to be 
8.37  g/dl (Table  3). (p=0.048%, which was statistically significant.) 
However, no relevant literature where Hb <10  g/dL as inclusion 
criteria was present.

The incidence of thalassemia is variable in different regions of the 
country and in particular in different ethnic groups. A few studies done 
earlier have shown that certain communities such as Sindhi’s, Kutchhi, 
Bhanushali’s, and Punjabis from Western and Northern India have high 
prevalence of BTT (5–15%) [17]. In our study, the incidence of BTT was 
found out to be 13.1% (Table 6).

Saxena et al. in 2020 carried out a study on 1236 patients out of which 
741 (59.9%) patients were of iron deficiency anemia and 495 (40.1%) 
patients were of β-thalassemia trait. They calculated Mentzer index 
and it was found to be more reliable to detect true positive cases for 
β-thalassemia trait with a sensitivity of 89.0% and specificity of 87.9%. 
They concluded that iron deficiency anemia and thalassemia have 
different effects on blood indices. In doubtful cases, the diagnosis was 
confirmed by HPLC [25].

In the present study, various other hemoglobin variants were detected 
accidently. We found HbE 0.3%, HbS 0.3%, and HbD 0.2% (Table 5 and 
Figure 7). Dolai et al. on screening of 35,413 individuals from rural areas 
in West Bengal showed that the prevalence of HbE carriers was 4.3% 
while β-thalassemia carriers were 10.38% and HbS and HbD carriers 
were 1.12% and 0.37%, respectively, which may due large sample size 
and different geographical area [26].

Although antenatal diagnosis is of paramount importance to the 
control of thalassemia, screening programs form an important and 
integral part in the prevention of thalassemia. Several Mediterranean 
and Western countries have achieved a significant change in the 
homozygote population since the past two decades. In India, several 
antenatal screening programs are effective. Still more screening 
centers are required. In these programs, the population essentially 
screened with follow-up of awareness of their thalassemic 

status and need for reduction in the birth of beta-thalassemic 
homozygotes through antenatal diagnosis. The screening programs 
play a role in increasing awareness and education regarding 
hemoglobinopathies [22].

Screening may be voluntary or mandatory. Beta-thalassemia carriers 
in a family are now easily detected using well-calibrated automated 
hematology cell counters and automated HPLC systems. However, the 
prevention program including early screening of pregnant women 
and spouse of thalassemic pregnant women for antenatal diagnosis 
and termination of a homozygote fetus has been slow in India, due to 
several factors. These include late reporting of pregnancy and the lack of 
widespread awareness and facilities for screening and antenatal diagnosis.

A multidisciplinary approach including screening of high school/
college students, premarital screening, and of the extended family of 
thalassemic along with antenatal diagnosis needs to be considered for 
this vast and ethnically diverse country so that burden of disease can be 
minimized efficiently and effectively.

CONCLUSION

HPLC is simple, accurate, and superior technique combined with 
complete automation makes it an ideal method for diagnosis of 
thalassemia and other hemoglobinopathies. However, there were 
certain limitations of HPLC which can be overlooked with molecular 
profiling of BTT patients.
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