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Abstract 
 

Hemoglobin variants are mutant forms of hemoglobin in a population , caused by variations 
in genetics. It’s occurring when there are genetic changes in specific genes, or globins that 
cause changes or alterations in the amino acid. Hemoglobin variants, ABO and Rhesus 
blood groups are known to vary from one population to another. Thus, there is need to elu-
cidate the frequency of these indices in Northern U.P., India. The result would serve as a 
platform for instituting genetic counseling services with a view to reduce haemoglobi-
nopathies. Total 933 subjects aged 18 – 55 years were screened, 636 (68.17%) males and 297 
(31.83%) females. Result of present study showed 12.01% prevalence of haemoglobi-
nopathies. Out of total haemoglobinopathies screened subject, β-thalassemia in heterozy-
gous state was found more frequent (5.04%) than β-thalassemia in homozygous state 
(0.43%). Other haemoglobinopathies followed by HbAE 3.32%, HbAS 0.86%, HbE-β 
1.82% and HbS-β 0.54%. The frequencies with respect to ABO systems had been shown as 
O > B > A > AB. The distribution of  Blood groups with  97.43% Rhesus positive (Rh+) out 
of which, O+(36.55%), B+ (35.78%), A+(18.97%), AB+ (6.11%) found respectively. In our 
study the Blood group O+ (36.55%), was most frequent but the higher prevalence haemo-
globinopathies was  found in Blood group A+  (33.93). 
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Introduction 
 
The inherited Hb disorders are the most common single 
gene defect in man. The prevalence of haemoglobi-
nopathies is on the rise worldwide. The abnormalities can 
either be quantitative (the thalassemia syndromes) or 
qualitative (the haemoglobin variants) or a combination of 
both. Of these, the thalassemia syndromes particularly the 
beta thalassemias and some alpha thalassemias are the 
major cause of morbidity [1]. The World Health Organi-
zation (WHO) has suggested that about 5% of the world 
population is carrier for different inherited disorders of 
haemoglobin [2]. Approximately 80-90 million people 
with 60,000 new cases of β-thalassemia were estimated 
per year worldwide. The South-east Asia region (such as 
India, Thailand and Indonesia) is accounts for 50% 
(around 40 million people) of world carriers. Although in 
the developed world, Europe and the Americas jointly 
account for just 10% to 13% of the world’s carriers [3]. 
The prevalence of β-thalassemia trait is about 3.3% in 
India. According WHO report, about 370,000 severely 
affected homozygotes or compound heterozygotes of tha-

lassemia are born every year. The UNICEF in 1996 esti-
mated that there were 29.7 million carriers of beta thalas-
semia trait in India and about 10,000 infants with homo-
zygous beta thalassemia born every year [4]. In various 
parts of India, the prevalence of β-thalassemia is different: 
6.5% in Punjab, 8.4% in Tamilnadu, 4.3% in south India, 
and 3.5% in Bengal. β- Thalassemia has a high prevalence 
in some communities, such as Sindhi, Luvana, Tribes, and 
Rajputs. The incidence of β-thalassemia in Gujarat is 10% 
to 15% [5]. Generally incidence of thalassemia trait and 
sickle cell haemoglobinopathies in India varies between 
3-17% and 1-44%, respectively [6-8]. In India, nearly 30 
million people are carriers of beta thalassemia and 7000 
babies with beta-thalassemia major are born every year 
[9-10,]. The carrier rate varies between 0 to 17% in dif-
ferent ethnic groups [11].  
 
Among the haemoglobin variants, haemoglobin E (β-26 
glutamine→lysine) is the hallmark of South-East Asia. It 
is the commonest haemoglobin variant in India with prev-
alence of 7-50% in Northeastern region and 1-2% in West 
Bengal [12]. Because a majority of people with BTT are 
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asymptomatic, they may not be aware of their carrier 
state. β-thalassemia trait is associated with mild or no 
anemia but with reduced mean corpuscular volume , mean 
corpuscular haemoglobin values and an elevated haemo-
globin A2 level. The prevention of this homozygous con-
dition can be achieved through the detection and educa-
tion of heterozygous carriers. One way of achieving this 
goal is to screen the population at risk [13].  
 
Sickle cell anemia and thalassemia major can cause life-
threatening situation and chronic ill health. They pose 
economical and psychological burden on the affected in-
dividual or family and the society as a whole. Hence, the 
population needs to be screened for haemoglobin disor-
ders so that appropriate measures for treatment and pre-
vention can be taken [14]. The membrane of the human 
red blood cell is complex and contains a variety of blood 
group antigens [15].  The ABO blood group system is the 
most clinically important blood group system because 
antibodies against A or B or both antigens of RBC’s are 
naturally present in the serum of persons whose red cells 
express blood group B, A, or O. In addition, human red 
blood cells that contain antigen D are known as Rhesus 
positive, while those without antigen D in their RBC’s are 
Rhesus negative. The ABO and Rh incompatible transfu-
sions are potentially fatal to health [16, 17]. 
 
The data regarding prevalence and distribution of the 
haemoglobin variants and blood groups aiding in preven-
tion and management of various haemoglobinopathies 
plays a vital role in the hospital blood bank as well as in 
the formulation of transfusion policies [15].The frequen-
cies of these inherited characters have been extensively 
reported in various populations and ethnic groups around 
the world [16-18]. In India, few published data have been 
encountered [19-21]. The data of the distribution pattern 
and frequency of haemoglobin variant, ABO and Rh 
blood group is still to explored in Northern region of Ut-
tar Pradesh. Therefore, this study is aimed to provide use-
ful information on the distribution pattern of haemoglobi-
nopathies, ABO and Rh blood groups in Northern U.P. 
India 

 
Material and Methods 
 
Subject Selection 
The present study was carried out in the Department of 
Physiology and P.G. Department of Pathology in Kings 
Georg’s Medical University, U.P., Lucknow during the 
period of December 2009 to May 2012.Total 933 study 
participants were selected by random sampling with ob-
taining the consent. The age between 18 years to 55 years. 
These participants were pre-marital candidates, pregnant 
mother with known suspicious or unknown family his-
tory, clinically suspicious or haemoglobin fall patients 

referred by the physician and some self participants. But 
all participants were represented from northern region of 
Uttar Pradesh. The study was approved by Institutional 
ethics committee Kings Georg’s Medical University, 
U.P., Lucknow, India. 
 
Sample collection and Preparation   
6 ml venous blood was collected in EDTA vials and put 
few drops of fresh whole blood on slides for blood group 
investigation .The anticoagulated blood was used for per-
forming CBC, reticulocyte count, haemoglobin electro-
phoresis. Haemolysate was prepared from whole blood by 
using saline and carbon tetra chloride with a concentration 
of 1.6 g/dl to 2.2 g/dl to the haemoglobin electrophoresis 
[22] 
 
Blood Group identification 
ABO and Rhesus blood grouping were carried out using 
the tile method. Few drops of whole blood of each subject 
was mixed with respective antisera, anti A, anti B, anti D 
reagents (Tulip Diagnostics (P) Ltd., Goa, India) in sepa-
rate places on a clean slide and blood groups were deter-
mined on the basis of agglutination. 
CBC- Hematological indices were measured using Sys-
mex MX– 4 fully automated blood cell counter, which 
was calibrated with commercially available controls. The 
sickling test was performed using freshly prepared so-
dium metabisulphite solution as a reducing agent [23].  
 
Electrophoresis 
Agarose gel electrophoresis was performed using Tris-
EDTA –borate buffer at alkaline pH (8.8). The electro-
phoresis pattern is visualized by staining the film with a 
ponceau stain. This pattern was then quantified using a 
densitometer (Beckman Coulter) at 600 nm wavelength 
[22, 24]. 

  
Results/Observations 
 
A total 933 participants were screened for abnormal he-
moglobin variants, ABO, and Rhesus blood groups. Out 
of total 933 subjects, male were 636 (68.17%) and female 
297 (31.83%). Table1 showed different patterns of hae-
moglobin variants according to Gender. Out of 933 sub-
jects, we found 821 subjects (87.99%) were normal 
(HbAA) and 112 subjects (12.01%) with abnormal hemo-
globin variants or haemoglobinopaties. In present study, 
total observed haemoglobinopathy 112 (12.01%), in 
which the most frequent haemoglobinopathy was β-
thalassemia minor (βT-minor) 47 (5.04%) while less fre-
quent β-thalassemia major  (βT-major) 4 (0.43%). How-
ever, frequency of other hemoglobin variants such as 
HbAE 31(3.32%), HbE-βTT 17(1.82%), HbAS 8 
(0.86%), HbS-βTT 5(0.54%) respectively.  
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Table 1: Sex-wise distribution of participants with different haemoglobinopathies (n = 933) 
 

Gender HbAA βT Mi nor     βT Major        HbAE HbAS   HbE-βTT      HbS-βTT Total 

Male 548(86.16) 38(5.97) 3(0.48) 23(3.616) 6(0.94) 14(2.20) 4(0.63) 636 
Female 273(91.91) 9(3.23) 1(0.34) 8(2.70) 2(0.67) 3(1.01) 1(0.34) 297 
Total 821(87.99) 47(5.04) 4(0.43) 31(3.32) 8(0.86) 17(1.82) 5(0.54) 933 
β-T Minor = β thalassemia heterozygous, β-T Major = β thalassemia homozygous, HbE-β TT = HbE-β tha-
lassemia trait, HbS-βTT = HbS-β thalassemia trait  

 
Table 2: Distribution of ABO and Rh  blood groups in the study population (n = 933) 
 

Male Female Total Blood 
groups 

Rh+ Rh- Total Rh+ Rh- Total Rh+ Rh- Total 

O 244(38.36) 5(0.79) 249(39.15) 100(33.67) 3(1.01) 103(34.68) 344(36.87) 8(0.86) 352(37.73) 
A 119(18.71) 2(0.31) 121(19.03) 63(21.21) 1(0.34) 64(21.55) 182(19.51) 3(0.32) 185(19.83) 
B 218(34.27) 5(0.79) 223(35.06) 109(36.70) 6(2.02) 115(38.72) 327(35.05) 11(1.19) 338(36.23) 
AB 42(6.60) 1(0.16) 43(6.76) 14(4.71) 1(0.34) 15(5.05) 56(6.00) 2(0.21) 58(6.22) 
Total 623(97.96) 13(2.04) 636(100) 286(96.26) 11(3.70) 297(31.83) 909(97.43) 24(2.57) 933(100) 

 
Table 3: Comparison study on frequency of ABO and Rh phenotypes at different geographical areas (in percentage) 
 

Place of Study A B AB O Rh+ Rh- 
Within India 

Shimoga- Malnad[31] 24.27 29.43 7.13 39.17 94.93 5.07 
Davanagere [32] 26.15 29.85 7.24 36.76 94.8 5.52 
Eastern Ahmedabad [36] 23.3 35.5 8.8 32.5 94.2 5.8 
Punjab [37] 21.9 37.6 9.3 9.3 97.3 2.7 
Bangalore [33] 23.85 29.95 6.37 39.82 94.2 5.79 
Chittoor [44] 18.95 25.79 7.89 47.37 90.6 8.42 
Vellore [34] 18.85 32.69 5.27 38.75 94.5 5.47 
Present study 19.83 36.23 6.22 37.73 97.43 2.57 

Outside India 
Pakistan [38] 23.8 38 10 10 89.1 10.9 
Nepal [39] 34 29 4 33 96.7 3.33 
Australia [40] 38 10 3 49 NA NA 
Britain [41] 41.7 8.6 3 46.7 83 17 
USA  [42] 41 9 4 46 85 15 
Niger-Delta [43] 23.8 20.7 2.8 52.7 93.9 6.12 

Bangladesh29 26.6 23.2 9.6 40.6 96.8 3.2 
 
   Table 4. Distribution of blood groups and different haemoglobinopathies in study population (n=112) 
 

Haemoglobinopathies(n=112) Blood groups 
Male % female % Total % 

A+ 30 26.79 8 7.14 38 33.93 
B+ 22 16.64 11 9.82 33 29.46 
AB+ 9 8.04 2 1.78 11 9.82 
O+ 26 23.21 3 2.67 29 25.89 
A- 1 0.83 0 0 1 0.89 
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In male the frequency of βT Minor was high 38 (5.97%) 
followed by  HbAE  23 (3.62%), HbE-βTT 14(2.20%), 
HbAS 6(0.94%), HbS-βTT 4(0.63%), βT Major 3 
(0.48%). In female the frequency of  haemoglobi-
nopathies βT Minor (β-thalassemia heterozygous) was 9 
(3.23%), followed HbAE 8 (2.70%), HbE-βTT 3(1.01%), 
HbAS 2(0.67%), HbS-βTT and βT Major 1 (0.34%) . 
 
Table 2 revealed the distribution of the ABO and Rhesus 
(D) blood groups among study subjects. Blood group O 
was found to be the most frequent 352 (37.73%) while 
blood group AB was least frequent 58 (6.22%). In Rh 
blood typing, 97.43% was Rh positive and 2.57% was Rh 
negative.  Amongst Rh positive male blood group ‘O’ 
was found to be most prevalent group 38.36% followed 
by group ‘B’ (34.27%), ‘A’ (18.71%) and ‘AB’ (6.6%). 
Among Rh positive female, blood group ‘B’ was most 
common (36.7%) followed by group ‘O’ (33.67%), ‘A’ 
(21.21%) and ‘AB’ (4.71%). On further analysis female 
showed a relatively higher incidence of Rh negativity 
(3.7%) as compared to male (2.04%). The frequencies 
pattern with respect to ABO can be shown as O > B > A > 
AB. 
 
Table 3 shows the prevalence of blood group with 
haemoglobinopathies. The present study shown that  
haemoglobinopathy was most frequent in Rh positive ‘A’ 
38(33.93%) followed by Rh positive ‘B’ 33(29.46%) , Rh 
positive ‘O’ 29 (25.89%) , Rh positive ‘AB’ 11(9.82) and  
Rh negative ‘A’1(0.89%). 
 
Discussion 
 
The thalassaemias and related haemoglobinopathies are 
responsible for the largest number of genetic disorders 
and hence are of great public health importance in India. 
It indicates that haemoglobinopathies and their related 
clinical complications are not uncommon at birth. The 
inherited disorders of haemoglobin synthesis are one of 
the important public health problems in the region. The 
present scenario of haemoglobinopathies reflects the ge-
netic heterogeneity of the population of the region. His-
torical accounts reveal that several ethnic elements with 
varied genetic heritages have been absorbed into the 
mainstream, resulting in population diversity with the 
passage of time [25, 26] The findings of prevalence of 
different haemoglobinopathies in the region are in agree-
ment with the population admixture in Northern Uttar 
Pradesh, India. 
 
The present study revealed that large numbers of people 
were encountered with haemoglobinopathies (12.01%) in 
northern region of Uttar Pradesh. In our study, β-
thalassemia heterozygous individuals (5.04%) was the 
most frequently encountered quantitative haemoglobi-
nopathies, followed by HbAE (3.32%), β-thalassemia 
homozygous state (0.43%), HbE β-thalassemia trait 
(1.82%), HbAS (0.86%) and HbS β-thalassemia trait 

(0.54%). This compares with previous studies from Kol-
kata (26%) and Gujarat (16.35%) where β-thalassemia 
heterozygous was the commonest disorder [11, 25]. In a 
study by Balgir, sickle cell trait was reported common 
disorders from Orissa where sickle cell trait and β-
thalassemia trait were the most frequently encountered 
haemoglobinopathies. Different variants of haemoglobi-
nopathy manifest variable clinical and hematological pro-
file in India [8]. The highest frequency of β-thalassemia 
trait is reported in Gujarat (10-15%), followed by Sindh 
(10%), Punjab (6.5%), Tamil Nadu (8.4%), and Ma-
harashtra [6, 8, 21]. This study is similar to a Italian study 
in regards of percentage (1.81 % of total population), but 
the percent wise distribution of types of haemoglobi-
nopathies is inconsistent with our study. [28, 29, 30]. 
 
The frequency of ABO Blood Groups is an important tool 
to determine the direction of recruitment of voluntary do-
nors as required for each zone across the country. In our 
study the ABO blood groups and Rh positivity in male 
and female showed that the blood group O positive was 
most prevalent in male followed by group B, A and AB. 
blood group B positive female followed by group O,A 
and AB. The distribution of ABO blood group varies re-
gionally, ethically and from one population to another. 
The comparison of frequency and distribution of ABO 
and Rh group in Northern Uttar Pradesh, India (present 
study) with the similar studies carried out within and out-
side India is described in table-3. 
 
While looking at ABO grouping, it can be read from ta-
ble-3 that the distribution of ABO and Rh grouping was 
comparable to the studies done at Shimoga- Malnad, Da-
vanagere, Bangalore, Vellore, Britain [31-35]. All these 
studies have described ‘O’ as the most frequent and ‘AB’ 
as the least common blood group. The second most com-
mon blood group was observed as “B” in present study 
which is found to be consistent with the studies reported 
earlier at Eastern Ahmedabad , Punjab and Pakistan [36-
38]. Studies at Southern India have described similar find-
ings with ‘O’ being the most common blood group fol-
lowed by ‘B’, ‘A’ and ‘AB’ [31-35]. In Nepal , which is 
connected to western India, as well as Australia, Britain 
and USA, ‘O’ and ‘A’ are the common blood groups that 
are followed by B and ‘AB’[40-42]. In Nigeria ‘O’ is the 
predominantly encountered blood group accounting for 
more than 50 % of donors and AB has least common oc-
currence [43]. In Rhesus System, our study shows preva-
lence of Rh positive was 97.43%, while only was 2.57% 
was Rh negative  table-2.These are similar to other stud-
ies carried out in Punjab, India [18]. While looking at Rh 
grouping, 89-95 % donors all over the world are detected 
as Rh positive except at Britain and U.S.A. where the fre-
quency of Rh positivity is 83%, 85 % respectively and Rh 
negativity 17 %,15% respectively . Almost similar inci-
dences of Rh negative donors from other countries are as 
follows e.g. Nepal (3.3%) and Bangladesh (3.2%) which 
are neighboring country of the India.Knowledge of the 
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prevalence and distribution of haemoglobinopathies, 
ABO and Rh blood groups among any population is use-
ful in health care planning and appropriate allocation of 
resources [11,15]. haemoglobinopathy screening and 
identification can become the cornerstone to reduce this 
burden especially in developing countries. Adequate 
measures and screening procedures should be performed 
concurrently. In short, generation of a simple database of 
blood groups, not only provides data about the availability 
of human blood in case of regional calamities, but also 
serves to enables insight into possibilities of future burden 
of diseases. 
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Abbreviations: 
Hb- Haemoglobin, α-Alfa, β- Beta, βT Minor - β thalas-
semia heterozygous, βT Major -β thalassemia homozy-
gous, β TT - β thalassemia trait, HbAA - homozygous he-
moglobin, HbAS - heterozygous hemoglobin with sickle 
cell disease gene, HbAE - heterozygous hemoglobin with 
E variant gene, HbE-β- β thalassemia trait with E variant 
gene, HbS-β- β thalassemia trait with sickle cell disease 
gene, %- Percent, µL- Micro liter, mL –Mili liter , V -
Volts, mA -Mili Ampere, min-  Minutes,  g/dl- Gram per 
deciliter, CBC- Complete Blood Counts, EDTA -  Ethyl-
ene diamine tetracetic acid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


