
© 2016 Asian Journal of Transfusion Science | Published by Wolters Kluwer - Medknow 105

IntroductionIntroduction

Thalassemia is a heterogeneous group of inherited 
disorders of hemoglobin (Hb) characterized by 
reduced or absent production of globin chains. It 
is the commonest single gene disorder in the world 
fi rst noted in the Mediterranean population and 
causing a signifi cant morbidity and mortality in 
India and abroad. [1,2] Inherited disorders of Hb due 
to the structural alteration of globin chain are called 
hemoglobinopathies. The prevalence of thalassemia 
and hemoglobinopathy varies with geographic 
locations. It has been estimated that in India, 0.37 
per 1,000 fetuses have Hb disorder.[3]

Thalassemia and hemoglobinopathy are the major 
health concern in the Indian subcontinent as the 
prevalence rate of beta thalassemia mutations 
is as high as 17% in some populations.[4] Hb 
E-β thalassemia and sickle-cell anemia are also 
common Hb disorders, which are reported to be 
quite prevalent in many parts of India.[5-8] The other 

signifi cant hemoglobinopathies prevalent in India 
are HbE, sickle-cell anemia, and HbD.[6-9]

High-performance liquid chromatography (HPLC) 
is one of the best methods for the screening and 
detection of various hemoglobinopathies and it 
provides rapid, reproducible, and precise results.[10] 

Detail clinical history including family history and 
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Background: Hereditary hemoglobin (Hb) disorders are the most commonly encountered single gene disorders in India. 
Proper timely identification of these disorders is of paramount importance to prevent thalassemia major and clinically 
severe hemoglobinopathy as well as for epidemiologic purposes. Aims: Our aim was to determine the prevalence of 
thalassemia and hemoglobinopathy in patients of a tertiary care hospital of West Bengal, India. Materials and Methods: This 
prospective study was conducted on 119,336 cases over a period of 10 years. After taking clinical history and familial 
history, complete hemogram report was obtained by an automated cell counter. High-performance liquid chromatography 
(HPLC) was performed on the samples with Bio-Rad Variant using beta thalassemia short program. Confirmatory tests were 
performed whenever required. Results: A normal Hb pattern was observed in 104,804 (87.83%) cases and abnormalities 
were detected in 14,532 (12.17%) patients. β (beta) thalassemia trait was the commonest abnormality found in 5,488 (4.60%) 
patients. HbE trait was found in 3,604 (3.02%) patients, β thalassemia major/intermedia in 1,981 (1.66%) cases, and Eβ 
thalassemia in 1,384 (1.16 %) cases. Other variants detected included HbE disease, sickle-cell disease, sickle β thalassemia, 
HbD-Punjab trait, HbQ-India trait, α-thal trait, double heterozygous state of HbS and HbE, double heterozygous state 
of HbS and HbD, HbJ-Meerut, hereditary persistence of fetal hemoglobin (HPFH), HbH, delta β-thal trait, and Hb Lepore. 
Conclusion: In view of the high prevalence of hemoglobinopathy in this region, a routine premarital screening program 
is needed for the identification and prevention of high-risk marriages and thus, prevention of the psychosocial trauma 
of bearing a transfusion-dependent child for life.
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different hematologic parameters such as complete blood count, 
reticulocyte count, and red cell morphology are often required to 
confi rm the diagnosis.

The present study attempted to find out the occurrence of 
different Hb variants in the population of West Bengal in India 
and adjacent areas so that a defi nite plan of action regarding the 
diagnostic, preventive, and therapeutic strategies can be formulated 
to minimize more serious disorders in future generations.

Materials and MethodsMaterials and Methods

This study was conducted in the department of pathology of a 
tertiary care teaching medical institution of West Bengal, India 
over a period of 10 years from June 2005 to May 2015. Patients 
who came for a premarital checkup voluntarily, patients with 
abnormal hemograms suggestive of hemolytic anemia, and 
those patients who had a positive family history of thalassemia 
were included in the study. Transfusion-dependent children 
and adults were also included. However, patients with history 
of blood transfusion within the last 1 month were excluded. A 
signed consent form was obtained from all the patients included 
in the study. Detailed clinical history and family history were 
obtained from each patient. Past history of blood transfusion, if 
present, was noted.

Blood samples were collected in ethylene diamine tetrachloride 
acetate (EDTA) vials and analyzed with Sysmex, United States 
of America (USA) automated cell counter for complete blood 
counts. Clotted blood samples were also collected for liver function 
tests and determination of serum iron, ferritin, cobalamin, and 
folate levels. For each patient, a peripheral blood smear (PBS) 
was prepared and stained with Leishman stain and observed 
microscopically for red cells morphology for the supporting of 
diagnosis of hemoglobinopathies. Hb variant analysis was studied 
for various hemoglobinopathies and variants. The tests were 
performed on Biorad Variant using beta thalassemia short program 
(Bio-Rad Laboratories, California, USA). The instrument utilized 
the principle of HPLC. With HPLC, the positively charged Hb 
fractions were separated based on their ionic interactions with a 
negatively charged stationary phase in a chromatography column 
followed by their elution by a mobile phase with phosphate 
buffers differing in pH and ionic strength. The adsorbed positively 
charged Hb molecules were eluted from the column into the 
liquid phase at a rate related to their affi nity for the stationary 
phase. Hbs were identifi ed by their retention time and quantifi ed 
by computing the area under the corresponding peak in the 
elution profi le.[11] Confi rmatory tests such as acid and alkaline 
electrophoresis, sickling test, solubility test, and brilliant cresyl 
blue test for HbH inclusions were performed as and when required.

ResultsResults

During the study period of 9 years, a total of 119,336 cases were 
studied. The patient population comprised 66,351 (55.6%) antenatal 
patients, 41,290 (34.6%) patients with other hematological or 
nonhematological disorders, and 11,695 (9.8%) family studies. The 
age of the patients ranged between 5 months and 72 years. The 
mean age was found to be 25.8 years. Of these, 14,532 (12.17%) 
cases displayed abnormal Hb fractions on HPLC [Figure 1].

The most common Hb abnormality detected was β (beta) 
thalassemia trait present in 5,488 (4.60%) patients. Hb E trait 
was found in 3,604 (3.02%) cases followed by β thalassemia 
major/intermedia 1,981 (1.66%) and Eβ thalassemia in 1,384 
(1.16%) patients. The distribution of different Hb patterns in the 
study population has been shown in Table 1. For each of these 
groups, the hematologic parameters and the percentage of various 
Hbs detected in HPLC have been shown in Table 2. Interpretation 
of results of HPLC was done on the basis of retention time, 
percentage of Hb, and peak characteristics.

Twelve (0.01%) cases of HbH were detected, which were 
suspected on the basis of a signifi cant peak that appeared in each 
case during the fi rst minute of elution. Confi rmatory tests were 
performed, which included Hb electrophoresis and the test for HbH 

Figure 1: The distribution of hemoglobinopathies among positive cases
Total no. of cases analyzed (n) = 119,336 patients with hemoglobinopathies 

(n) = 14,532 (12.17%)

Table 1: Distribution of hemoglobin patterns in the study 
population
Patterns of hemoglobin Number of cases Percentage (%)
Normal 104,804 87.83
β thalassemia trait 5,488 4.60
Sickle-cell trait 453 0.38
Eβ thalassemia 1,384 1.16
HbE trait 3,604 3.02
β thalassemia major/
intermedia

1,981 1.66

Hb E disease 406 0.34
Sickle-cell disease 382 0.32
Sickle β thalassemia 310 0.26
HbD-Punjab trait 107 0.09
HbQ-India trait 48 0.04
α-thal trait 143 0.12
Double heterozygous state 
of HbS and HbE

6 0.005

Double heterozygous state 
of HbS and HbD

1 0.001

HbJ-Meerut 36 0.03
HPFH 143 0.12
HbH 12 0.01
Delta β-thal trait 24 0.02
Hb Lepore 4 0.004
Total 119,336 100

Hb: Hemoglobin, β: Beta, HPFH: Hereditary persistence of fetal 
hemoglobin
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inclusion bodies. In the next window, i.e., p1 window (retention 
time: 0·63-0·85 min) no Hb variant was detected. High Hb level 
in the F window having retention time 0·98-1·2 min was detected 
in three different cases, namely, β thalassemia major (1·66%), 
Eβ thalassemia (1·16%), sickle-β thalassemia (0·26%), sickle-cell 
disease (0·32%), and hereditary persistence of fetal hemoglobin 
(HPFH) (0.12%).

A signifi cant peak was obtained in the p2 window (retention time: 
1·24-1·4 min) in 267 patients. As HbA1c is known to elute in this 
window, these patients were later tested for blood sugar levels. In 
258 (96.6%) cases, the patients were found to be diabetics. The rest 
did not undergo follow-up. In 36 (0.03%) patients, a signifi cant 
peak was found in the p3 window. Hb electrophoresis at alkaline 
pH in these cases showed a fast-moving band anodal to HbA. Thus, 
these cases were diagnosed as HbJ-Meerut [Figure 2].

A0 window has a retention time between 1.9 min and 3.1 min. 
Apart from HbA, no other Hb variant was found to elute in this 
window. HbA2, HbE and Hb Lepore were found to elute in A2 
window (retention time: 3.3-3.9 min). HbE trait was detected in 
3.02% cases, Eβ thalassemia in 1.16% cases, and HbE disease in 
0.34% patients. Hb Lepore was noted in four (0.004%) patients. It 
was confi rmed by Hb-electrophoresis at alkaline pH, which showed 
major band at AF, another around the SD region.

In this study, 107 (0.09%) cases had a signifi cant peak in the D 
window (retention time:3.9-4.3 min), which was diagnosed to be 
HbD-Punjab trait. A statistically signifi cant difference (P < 0∙0001) 
was found between the mean values of HbA2 in the normal samples 
(2∙7 ± 0.4) and that in HbD-Punjab trait (1∙5 ± 0∙5). HbS was found 
to elute in the S window (retention time: 4.3-4.7 min). In this 
study, sickle-cell trait was found in 453 (0.38%) cases and sickle-cell 
disease was noted in 382 (0.32%) patients. Later, sickling test and 

Figure 2: J chain hemoglobinopathy showing P3 peak 28.9% and A 59.4%
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solubility test were performed to confi rm the diagnosis of sickle-cell 
disease. The mean value of HbA2 in sickle-cell trait (3∙2 ± 0∙2) was 
found to be signifi cantly higher (P < 0∙0001) compared to that 
in normal samples (2∙7 ± 0.4). In 48 (0.04%) cases, there was a 
signifi cant peak with the window having retention time 4.70-4.90 
min, which was consequently diagnosed as HbQ-India trait. No Hb 
variant was detected in the C window (retention time: 4.9-5.3 min).

DiscussionDiscussion

Thalassemia and hemoglobinopathy are autosomal recessive 
inherited disorders, primarily affecting the globin moiety of the Hb 
molecule. These disorders, which were mainly confi ned to certain 
areas, religions, castes, and tribes, particularly with endogamous 
norms of marriages, are now widely prevalent all over the world. 
This is because of the migration of various races over the ages and 
hence, being home to an assortment of sociocultural, linguistic, 
and ethnically diverse people.[12]

This study was conducted primarily with patients of West Bengal, 
India and nearby areas. In our present cross-sectional study, the 
prevalence of Hb disorders was found to be 12.17%, which was 
lesser than another study conducted in the southern part of West 
Bengal where the prevalence of such disorders were reported 
to be 25%.[13] However, our study results correlates well to the 
prevalence of thalassemia and hemoglobinopathy of northern 
India where it is reported to be 12.5%.[14] The most common Hb 
abnormality detected in this study was that of β thalassemia trait 
(4.60%). Colah R et al. reported that nearly 1.5% of the world’s 
population was carriers of β thalassemia.[15] Several studies reveal 
that in most parts of India, β thalassemia trait was the commonest 
Hb disorder. A study conducted by Madan N and coinvestigators 
showed the overall gene frequency of β thalassemia trait reported 
in northern and western India was 4.05%.[16] The prevalence of 
β thalassemia trait has been reported to be as high as 10.38% in 

the rural parts of West Bengal and in central India, it was found 
to be 9∙59%.[17,18]

An important finding was the high incidence of HbE beta 
thalassemia (1.16%). It is said that worldwide approximately 
50% of severe beta thalassemia major patients are of HbE beta 
thalassemia.[19] These patients presented with a variable clinical 
picture ranging from a condition indistinguishable from beta 
thalassemia major requiring blood transfusions from infancy to a 
mild form of thalassemia intermedia showing a mild asymptomatic 
anemia. The Indian Council of Medical Research (ICMR) study 
reported a higher incidence of 1.44% in the general population.[20] 
The prevalence of HbE trait was found in 3.02% cases. A study 
conducted in the rural areas of West Bengal reported the 
prevalence of HbE trait to be 3.86% and that of Eβ thalassemia to 
be 1.25%.[21] Interestingly, in Odisha, sickle-cell trait was the most 
common abnormality found.[1] In the present study, sickle-cell trait 
was found in 0.38% cases.

Other variants detected in this study were Hb E disease, 
sickle-cell disease, sickle β thalassemia, HbD-Punjab trait, HbQ-
India trait, α-thal trait, double heterozygous state of HbS and 
HbE, double heterozygous state of HbS and HbD, HbJ-Meerut 
[Figure 2], hereditary persistence of fetal hemoglobin (HPFH), 
HbH, delta β-thal trait [Figure 3], and Hb Lepore [Figure 4]. Rao 
S et al. reported three cases of HbQ-India, which eluted in an 
unknown window (retention time: 4-4.9 min).[9]

Delta beta thalassemia is a rare cause of elevated fetal Hb. Very 
few cases have been reported from India.[22] HPFH has also been 

Figure 3: Hb Lepore: Hb A2: 12.5% (RT-3.46′), Hb F: 2.3%, Hb A0: 74.4% Figure 4: Delta beta thalassemia with hemoglobin F level of 14.8%
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reported infrequently from different regions of India.[23] In this 
study, the difference in the two was made on the basis of the 
percentage of fetal hemoglobin (HbF), the mean corpuscular 
volume (MCV), and the red blood cell distribution width (RDW). 
The ICMR multicenter study has found an incidence of 0.73% of 
delta beta thalassemia and 0.18% of HPFH, which we found 0.02% 
and 0.12%, respectively.

HbD trait and double heterozygote condition of HbSD were 
detected in 108 (0.091%) patients. In India, the gene frequency 
of HbD is relatively low with a tendency to cluster toward 
the northwestern part of the country.[24] Alpha thalassemia 
is a common problem of Southeast Asian countries with 
gene frequencies reaching up to 30-40% in some parts of 
Thailand.[25] An incidence of 3.84% in some Assam tribesmen 
has been reported previously.[26] In our current study, α-thal trait 
prevalence was detected to be 0.12%. J chain hemoglobinopathy 
is also a rare fi nding in previous studies. Srinivas U et al. in 
their study have reported seven cases from New Delhi in Delhi, 
India.[27] We found a total of 36 cases with HbJ-Meerut. These 
alpha chain hemoglobinopathies are clinically silent and are 
detected accidentally.

HPLC has been established as a sensitive, specifi c, and accurate 
technique for the identifi cation and quantifi cation of different 
Hb fractions. However, it should be kept in mind that HPLC is 
limited by its inability to detect α thalassemia and normal HbA2 
β thalassemia. Hb variants that elute with the same retention 
time also cannot be separately identifi ed by HPLC and during 
interpretation of chromatograms, nutritional anemias must always 
be taken into account. A low level of HbA2 may be induced 
by iron defi ciency, thus masking β thalassemia trait. Similarly, 
cobalamin or folate defi ciency may raise HbA2 level, leading to 
a false diagnosis of thalassemia trait[14] and whenever necessary, 
HPLC must be followed by molecular studies, such as polymerase 
chain reaction (PCR), amplifi cation refractory mutation system 
(ARMS), and other similar tests to determine specifi c mutations 
responsible for the Hb disorder.[28]

ConclusionConclusion

To conclude, HPLC forms a rapid, accurate, and reproducible tool 
for the early detection and management of hemoglobinopathies 
and variants. This is especially important in view of the high 
incidence of beta thalassemia trait in the Indian subcontinent. 
Thus, premarital and antenatal screening should be mandatory to 
prevent the birth of offspring with β thalassemia major. Moreover, 
knowledge of common Hb patterns in a particular region helps 
to formulate appropriate preventive and therapeutic strategies.
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