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ABSTRACT
Aim: ABO blood group system is shared by all human populations; but frequencies of distribution differ. Variation in distribution of 
ABO and Rhesus phenotype between ethnic and geographic population is a well documented fact. Blood groups are genetically 
determined and exhibit polymorphism in different populations. Present study was conducted with an aim to determine preva-
lence of ABO and Rhesus blood groups and  allele frequency among people in and around Raipur.
Subject and Method: Study conducted over a period of 2 1/2 years included 46,444 persons( recipients and donors ) attending 
blood bank of Dr. B R A M hospital associated with Pt JNM Medical College Raipur. Blood groups were determined by standard 
methods. Calculations  for allelic frequency were based on Hardy Weinberg equilibrium. 
Result: The most prevalent blood group was B (35.42%) closely followed by group O (33.55%) and group A (22.17%). Least 
prevalent blood group was AB (8.17%) Rh D positive prevalence was 96.85% and 3.15% persons were Rh negative. Breakup 
of Rh negatives showed that 1.24% were group B, 1.00% were group O, 0.66% were group A and 0.20% were group AB. Allelic 
frequency calculations showed O allele to be most common.
Conclusion: In present study blood group B was the commonest, closely followed by group O. More than 95% population is Rh 
positive. Distribution of ABO and Rh blood group is close to that seen in northern parts of India, Rajasthan, adjoining Pakistan, 
and Bangladesh.
Key Words: ABO, Rhesus, Blood groups, Allele frequency, Chhattisgarh

Corresponding Author:
Shruti Shrivastava, Assistant Professor, Department of Pathology Pt JNM Medical College, Raipur,(C.G), India 
E-mail: arvind2shruti@yahoo.com

Received: 02.06.2015	 Revised: 30.06.2015	 Accepted: 05.08.2015

INTRODUCTION

Variation in distribution of ABO and Rhesus phenotype be-
tween ethnic and geographic population is a well document-
ed fact. Blood groups are genetically determined and exhibit 
polymorphism in different populations. 

Blood group ABO was identified by Karl Landsteiner in 
1900[1]. Blood group AB was identified 2 years later by des 
Castillo and Struli in 1902[2]. Since then a total of 30 blood 
group systems have been recognized by International Society 
of Blood Transfusion including Rhesus (Rh) system, which 
was identified by Landsteiner and Weiner in 1941[3,4]. But 
ABO and Rh blood grouping is still the most important test 
performed in Blood Banks to avoid mortality and morbidity 
[5]. Apart from the importance of ABO and Rh blood groups 

in transfusion practice, they are also important in organ 
transplantation, anthropological studies, and have medico 
legal importance [6, 7].

ABO blood group system is shared by all human populations; 
but frequencies of distribution differ. ABO blood group dis-
tribution studies are available from various parts of India and 
world. To the best of our knowledge there is no recent pub-
lished study available on the ABO and Rh blood group dis-
tribution among general population in Chhattisgarh state. So 
with an aim to know the blood group distribution and blood 
group allele frequency among people in and around Raipur 
(Chhattisgarh state), and to compare the results with distri-
bution among other populations, this study was conducted 
among blood donors and recipients in the blood bank of a 
tertiary care hospital of Raipur .
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MATERIAL AND METHOD

The study was performed over a period of two and half years 
from January 2009 to June 2011 in the largest Blood Bank of 
Chhattisgarh state. The study group included 46,444 persons 
including blood donors and recipients. Donors were taken 
randomly (not patient directed). For grouping 2ml Blood 
samples were collected in EDTA vial. Grouping was carried 
out by standard tube technique. For grouping commercial-
ly available monoclonal anti sera anti A, Anti B, and anti 
AB manufactured by Tulip Diagnostics (P) Ltd and SPAN 
Diagnostics Ltd were used. All reagents were subjected to 
quality control test and had a minimum titre of 1: 256. For 
reverse grouping, known cell preparations of A, B, and O 
blood group cells, pooled from three different known donor 
samples were used. On each day of use, known cells for re-
verse grouping were prepared fresh and known samples were 
run as controls. Special care was taken to avoid repetition of 
persons by double checking each entry.

RESULTS

The study conducted over a period of 2 1/2 years from Jan 09 
to June2011 in blood bank of Dr. B.R.A.M. Hospital Raipur 
involved 46,444 persons. Results are presented in Table 1. 
Among general population of Chhattisgarh Blood group B 
showed highest prevalence with 16452 (35.42%) persons. It 
was closely followed by group O with 15583(33.55%) per-
sons. Group A and AB were in 10612 ( 22.17%) and 3797 
(8.17)persons respectively. Inclusive of all ABO blood 
groups, Rh D positive prevalence was 96.05% (44,994). 
Least prevalent blood group was AB-ve with 0.20% preva-
lence. 

Calculations for allelic frequency were based on Hardy 
Weinberg equilibrium law that says that at equilibrium (p + 
q + r) 2 = p2+ q2 + r2 + 2pq + 2rp + 2qr = 1, where p2 is the 
probability of IAIA and 2pr is the probability of IAi (thus prob-
ability of type A = p2+ 2pr),

q2 is the probability of IBIB and 2qr is the probability of 
IBi(thus probability of type B = q2 + 2qr),

r2 is the probability of ii (thus probability of type O = r2), and 
2pq is the probability of IAIB(thus probability of type AB = 
2pq).

Preliminary estimates were calculated manually as:

p = 1 - √B+O, q = 1 - √A+O, r = √O (p, q, r denote allele fre-
quencies and A, B, O denote observed frequencies of blood 
groups A, B and O.)

Assumptions for the Hardy–Weinberg equilibrium law are 

-	 The organism under study is diploid,
-	 There is sexual reproduction ,
-	 Non overlapping generations, 
-	 Random sampling study, 
-	 Trait is determined by three alleles of a single gene 

namely A, B, and O,
-	 Co dominance of A and B and dominance of both over 

O.
Static allele frequencies in a population across generations 
assume that:- 

-	 Migration is negligible 
-	 Mutation can be ignored
-	 Random mating 
-	 Population size is very large 

Calculation of allelic frequencies:- 

Let p represent the frequency of I A 

q represent the frequency of I B

And r represent the frequency of IO

For O allele frequency (r)

r 2= frequency of the O phenotype 

r = 

r = .5792

for A allele frequency (p)

(p+r) 2 = .2283 + .3355

p + r = 

p+ r = 

p + r = .7508

p = .7508 - .5792 = .1716

For B allele frequency (q)

q + r =  = 

q + r = .8304

q = .8304 -.5792 = .2512

Calculation of D allele frequency I d (u) 

u2 = frequency of the d phenotype

u=  = .1766

Calculation of D allele frequency ID (v)

u +v = 1

v= 1- u
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v= 1- .1766= .8234 

Calculation of genotype frequency

AA = P2 = .0278

AO = 2pr = .1933

BB = q2 = .06310	

BO = 2qr = .2909

OO = r2 = .3355

AB = 2pq = .0838

dd = u2 = .0312

Dd = 2uv = .2908

DD = v2 = .6779

The calculated gene frequencies are .1716 for IA (P), .2512 
for IB (q) and .5792 for IO. In population from Chhattisgarh 
O (r) recorded the maximum frequency followed by B (q), 
and A (p).

The Chi Square test for Goodness to fit between the observed 
and expected phenotype in case of ABO blood group was 
.0077 and the result is not significant at p=≤0.05.

In case of Rh (D) group the calculated frequency for I (D) (v) 
was .8234 and that for Id (v) was .1766.

For statistical calculations and confirmation of manually cal-
culated gene frequencies S2ABO estimator by Silva Square 
was used. S2 ABO estimator by Silva Square is a program 
to estimate the allele frequencies of the ABO blood group 
system, and perform a couple of statistical tests on the data, 
particularly to compare simple heuristic estimates of the 
allele frequencies, to show the EM algorithm in action, to 
obtain maximum likelihood (ML) estimates of the allele fre-
quencies and to perform goodness-of-fit tests of the Hardy-
Weinberg assumption.

DISCUSSION

The Present study on ABO and Rh prevalence among people 
in and around Raipur included 46,444 individuals and we ob-
served predominance of blood group B and allele O. Precur-
sor substance for ABO blood group is antigen H, present on 
the surface of membrane of red cells and most of the epithe-
lial and endothelial cells. The A allele codes for an enzyme 
that adds an N-acetyl galactosamine to the H antigen. The 
B allele, which differs from the former by four amino acid 
changes, codes for an enzyme that adds a D-galactose. The O 
allele occurs most frequently in modern humans and carries 
a human-specific inactivating mutation which produces a 

nonfunctional enzyme, and thus the H antigen remains with-
out further modification on the surface of the cells.[8]

As ABO blood group system is of autosomal inheritance con-
trolled by a single gene at chromosome 9q34 , the frequency 
of blood groups is not different in both sexes[9], so we have 
not divided study group on the basis of male and female.

An individual has the same blood group throughout his life; 
therefore no categorization of donors according to age was 
done. However few reports are there that an individual’s 
blood group changes through addition or suppression of an 
antigen in malignancy or in autoimmune disease. [10] 

Results of ABO blood group distribution among people of 
Chhattisgarh were close to studies from Northern India, Ra-
jasthan, neighboring Pakistan and Bangladesh with B group 
predominance but O group followed closely behind. We 
can say that in these areas B ≥ O>A>AB [Table-2]. State of 
Chhattisgarh is having a different population base as com-
pared to rest of India with 31.76% of “Tribal population”[11]. 
A higher tribal population base is not causing much differ-
ence in distribution of blood groups as compared to northern 
parts of India. Studies from Kashmir and Southern part of 
India showed a pattern of O>B>A>AB[Table-2]. 

Agarwal A et al showed O blood group predominance from 
central part of India. Chattisgarh is also from central part 
of India and their findings are in variance with the present 
study[24]. This difference may be due to larger population 
base of present study. Behra Rajshre also showed blood 
group B predominance from central India[14].

Blood group A predominance has been shown by Naidu 
and Veeraju in Brahmin community, by Datta et al in Lodha 
tribes of West Bengal and by Vokendra and Devi among se-
lective tribes of Arunachal Pradesh[25,26,27]. This differ-
ence in distribution of blood groups represents multiethnic 
and anthropologically different origins of population.

Among countries surrounding India, A group predominance 
has been reported from Nepal and B group predominance 
from Pakistan and Bangladesh.[Table-2]

Allele O was most common in present study followed by al-
lele B and A. these findings are in concordance with Agarwal 
A et al [24].

When data across the world is compared blood group dis-
tribution frequencies for A, B, O and AB blood group vary 
among different parts of the world [Table-3]. Although blood 
group B is most common blood group in present study, allele 
B is least common allele among world population with only 
22% prevalence. Blood group B has its highest frequency 
in northern India and central Asia. Comparison of results of 
present study with that of some other populations is shown 
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in Table 3. Blood group O is the most common phenotype 
globally with parts of Africa and Australia showing high-
est frequency. Blood group A is most common in northern 
and central Europe. Several theories have been proposed as 
reason for this difference in distribution and one of them is 
evolutionary selection based on pathogen driven blood group 
antigen changes [34 ].

Distribution of Rh phenotype in present study is shown in 
Fig-1 and in different parts of India and Neighboring Coun-
tries in table-4. 

There are opposing schools of thought for irrelevance or as-
sociation between blood groups and diseases. Association of 
blood group A with gastric cancer is already proven. Some 
newer studies are suggesting association between blood 
group O and hemorrhage of upper gastrointestinal tract 
[35], between incidence of endometrioses and A+ve blood 
group[36,37]. An association of blood group AB with severe 
Dengue disease with reverse secondary infections has been 
suggested[38]. There are suggestions that A and B antigens 
serve as co-receptors in P falciparum rosetting, and selec-
tive digestion of A antigen from the uninfected red blood 
cell surface totally abolishes the preference of the parasite to 
form rosetting with these red blood cells. Thus persons with 
blood group O have lesser chances of developing severe P 
falciparum malaria as compared to persons with other blood 
groups.[39,40]

Other recently suggested associations are of breast cancer in 
females with blood group A[41] and of myocardial infarction 
with blood group B [42]. Association of blood group A with 
stomach cancer has been established again in recent studies 
while blood group O people present with a higher risk of 
development of peptic ulcer [43]. 

Narendra Kumar et al have stated that the expression of cer-
tain blood group antigens on the surface of cancer cells can 
be regarded as an end product of tumour progression that 
can be used as a useful prognostic and diagnostic preclinical 
markers.[44]

CONCLUSION

We conclude that blood group B is most common among 
people in and around Raipur, with blood group O following 
closely behind. A higher tribal population base is not causing 
much difference in distribution of blood groups as compared 
to northern parts of India.

Present study was conducted in blood bank of largest tertiary 
referral centre of Chattisgarh, which receives patients and 
blood donors from all over the state , representing general 
population of Chattisgarh. So we can say that the present 

study represents blood group distribution frequency among 
general population of Chattisgarh.

As this study included a large number of individuals data 
obtained from present study may serve as reference for other 
studies in Chattisgarh state .

We suggest a large population base and inclusion of other 
blood group antigens for prevalence of blood group studies 
that would further aid in the planning for better management 
of Blood bank inventory and improvement of transfusion 
services. Further studies for evaluation of blood groups as a 
preclinical marker can also be undertaken.
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Table 1: Prevalence of ABO and Rh phenotype among Blood Donors of Chhattisgarh 

Blood Group Rh + ve Prevalence
(%) 

Rh-ve Prevalence
(%)

 Total Prevalence (%)

A 10301 22.17 311 0.66 10612 22.84

B 15873 34.17 579 1.24 16452 35.42

O 15116 32.54 467 1.00 15583 33.53

AB 3704 7.97 93 0.20 3797 8.17

TOTAL 44,994 96.85 1450 3.10 46444 99.98

Pearson’s X2 Test statistic: 7.0989, p value : 0.0077 (statistically insignificant), Degree of freedom =1

Table 2: Intrinsic goodness-of-fit test for observed and expected (hardy- weinberg) frequencies (by S2ABO estimator) 
 A  B  AB O

Observed  010612 16452  3797  15583
Expected 10495.05  16339.94  3928.85 15680.16
2 O ln(O/E) 235.204  224.888 -259.232  193.717
(O-E)2 / E 1.303  0.769  4.425  0.602

Log-Likelihood Ratio Test Unrestricted Log Likelihood: -59265.4805 
Hardy-Weinberg Log Likelihood : -59269.0524 Test statistic: Test statistic: 7.1439 p value: 0.0075

Table 3: Distribution of ABO phonotype in different parts of India and Neighboring Countries. 

Study A (%) B (%) O (%) AB (%)

Present Study 22.17 35.42 33.55 8.17

Bangalore [12] 23.85 29.95 39.81 6.37

Kashmir [13] 22.95 32.05 38.43 6.55

Rajasthan [14] 22.2 36.4 31.7 9.4

South India [15] 25.74% 27.86 39.76 6.64

North (Lucknow )[16] 21.38 39.92 29.27 9.43

Uttarakhand[17] 28.70 32.70 28.70 10.53

Western Ahmedabad[18] 21.94 39.40 30.79 7.86

Eastern Ahmedabad[19] 23.30 35.50 32.50 8.80

Maharastra(Loni)[20] 28.38 31.89 30.99 8.72

Neighbouring countries

Bangladesh [21] 23.51 39.8 27.6 9.2

Pakistan[22] 21.20 36.16 34.14 9.05

Nepal [23] 34.00% 29.00% 32.50% 4.%
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Table 4: Distribution of Rh phenotype in different parts of India and Neighboring Countries

Study Rh + ve Rh – ve

Present Study 96.05 3.95

Bangalore [12] 94.20 5.79

Kashmir [13] 95.90 4.09

Rajasthan [14] 95.71 4.29

South India [15] 91.75 8.25

North (Lucknow )[16] 95.71 4.29

Uttarakhand[17] 94.49 5.51

Western Ahmedabad[18] 95.05 4.95

Eastern Ahmedabad[19] 94.20 5.80

Maharastra(Loni)[20] 95.36 4.64

Neighbouring countries

Bangladesh[21] 197.4 2.6

Pakistan[22] 97.24 2.76

Nepal[23] 96.66 3.33

Table 5: Distribution of ABO phonotype in different countries. 

Country Blood groups

A B O AB

1. Present study 22.7% 35.42% 33.53 8.17%

2. Nigeria[28) 23.3% 14.6% 53.3% 2.6%

3. Iraq[29] 36% 30% 26% 8%

4. Australia 38% 10% 49% 3%

5. Japan[30] 38.65% 22.15% 29.25% 9.95%

6. Saudi Arabia [29] 26% 19% 51% 4%

7. Greece [31] 40% 16% 39% 5%

8. USA [32] 41% 9% 46% 4%

Figure 1: Distribution of Rh phenotype in present study


