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Introduction

The role and importance of haemoglobin variants and ABO 
blood group systems in clinical settings cannot be understated. 
Most haematological disorders, both genetic and non-genetic, 
can be linked directly or indirectly to haemoglobin variants or 
ABO and Rhesus (Rh) blood group systems.1

Haemoglobin functions in oxygen transport throughout the 
body.2 It can be categorised into normal (adult haemoglobin 
or HbA) and abnormal haemoglobin (Haemoglobin S (HbS), 
or sickle cell haemoglobin, haemoglobin C (HbC). HbS or HbC 
results when a mutation of normal haemoglobin causes the 
substitution of glutamic acid with either valine or lysine at the 
sixth position of the β globin chain.2 Haemoglobin variant genes 
can be inherited in an autosomal recessive or dominant pattern.2

The discovery of the ABO blood group system can be dated 
back to the early 18th century – thanks to the work of scientist 
Karl Landsteiner.3 It was established that four blood groups (A, 
B, AB, and O) make up the ABO blood group system and the 
inheritance pattern has been described in other studies.4-7 Three 
allelic genes in the ABO blood group system (A, B, and O) are 
inherited in a Mendelian fashion.8 Both A and B are codominant 

alleles, whereas O is a recessive allele. Hence, these three genes 

result in four different phenotypes: A, B, AB, and O. An individual 

with the A phenotype can be homozygous for the A gene (AA) or 

heterozygous (AO). Similarly, the B phenotype can be the result 

of homozygous (BB) or heterozygous (BO) gene inheritance. 

The genotype of the AB phenotype is AB, and the group O 

phenotype is always genetically OO.8 Thus, there are four ABO 

group phenotypes (A, B, AB, and O) that arise from six possible 

genotypes (AA, AO, BB, BO, AB, and OO).

A different study has shown that the Rh blood group system 

is the second most important blood system and individuals 

are classified as Rh-positive or -negative.9 This classification is 

based on the presence or absence of the Rhesus factor D (RhD) 

antigen located on the surface of their red blood cell.9 Unlike 

the antibodies in the ABO blood group system, Rh antibodies 

are not environmentally stimulated; however, the D antigen is 

highly immunogenic, causing anti-D formation in up to 70% of 

D-negative individuals who are exposed to D-positive blood. 

Anti-D is a class immunoglobulin G (IgG) and is known to cause 

haemolytic transfusion reactions and haemolytic disease in the 

fetus and newborn.8

Background: Knowledge of the distribution pattern of haemoglobin variants, ABO and Rhesus (Rh) blood group systems is of great 
importance in both clinical and epidemiological settings. This study was conducted to assess the distribution pattern of haemoglobin 
variants, ABO and Rh blood groups among students of the Ebonyi State University (EBSU) in southeast Nigeria.

Method: The study was comprised of 2 640 students, made up of 49.2% male and 50.8% female, with an age range of 17 to 45 years. The 
participants were randomly selected and blood samples were aseptically collected by venepuncture into ethylenediaminetetraacetic 
acid (EDTA) anticoagulant containers and analysed at the EBSU Ultramodern Laboratory and Research Centre. Haemoglobin variants 
were determined using the cellulose acetate electrophoresis method, while the ABO and Rh grouping of each sample was done using 
the tile technique. The test of significance was determined using the Kruskal–Wallis H test.

Results: The findings of the study showed that blood group O (58.1%) has the highest occurring frequency, followed by blood 
group A (23%), while blood group AB has the lowest prevalence (2.8%). The prevalence of the RhD+ blood group was significantly 
higher (95.8%, p < 0.05) compared to the RhD- blood group. Haemoglobin AA (HbAA) (74.36%) has the highest occurring frequency, 
followed by haemoglobin AS (HbAS) (25.19%), haemoglobin SS (HbSS) (0.30%), haemoglobin AC (HbAC) (0.11%), and haemoglobin 
SC (HbSC) (0.04%). The difference in the distribution of haemoglobin variants among the subjects was statistically significant  
(p < 0.05). However, the sex and age distribution of the three parameters under study showed that the distribution is neither sex nor 
age-dependent (p > 0.05).

Conclusion: The study established the predominant haemoglobin variants and blood groups among the study population.

Keywords: haemoglobin variants, ABO, Rh factor, genotype, prevalence

Distribution pattern of haemoglobin variants, ABO and Rhesus 
blood groups among undergraduate students of EBSU, Abakaliki, 

Ebonyi State, southeast Nigeria  
SO Azi,  ME Kalu,  VU Usanga,  UA Ude,  A Nworie

Department of Medical Laboratory Science, Ebonyi State University, Nigeria

Corresponding author, email: kalu.erem@ebsu.edu.ng

https://doi.org/10.36303/JMLSTSA.152
https://orcid.org/0000-0001-9219-0451
https://orcid.org/0000-0001-9854-4994
https://orcid.org/0000-0001-6185-1683
https://orcid.org/0000-0002-2526-645X
https://orcid.org/0000-0001-5582-446X


Distribution pattern of haemoglobin variants, ABO and Rhesus blood groups among undergraduate students of EBSU

JMLSTSA 2023;5(1) The page number in the footer is not for bibliographic referencing72

It is common knowledge that haemoglobin variants, ABO and 
Rh blood group systems are distributed in a random pattern 
geographically, i.e. while a particular group dominates a 
particular population, other groups dominate other areas or 
populations. Inherited disorders of haemoglobin are the most 
common gene disorders with 7% of the world’s population 
being carriers.1 The most common ABO blood group is O, with 
a prevalence of 47% among Caucasians, 46% among Black 
Americans, and 36% among Orientals.10 Additionally, a study 
showed that greater populations (95%) of African Americans 
are RhD-positive, while only 4.8% of the Nigerian population is 
RhD-negative.10,11 Prevalence of haemoglobin variants, ABO and 
Rh blood group systems have been well documented across the 
globe and locally among most populations in some geographic 
regions in Nigeria, including Niger Delta, Uyo, Ekiti, Lagos, 
Adamawa, Ibadan, and Ile-Ife.10,12-15

Nigeria is a highly populated nation composed of a diverse 
community with ancestral relatedness.15,16 As a result, there have 
been speculations of ancestral affiliation of different communities 
in Nigeria. Despite this, there is little or no scientific data to 
support these claims. The distribution pattern of haemoglobin 
variants, ABO and Rh factors could provide baseline information 
for discerning this relationship and provide more information 
about the Nigerian background. Consequently, this study was 
pursued to bridge this information gap.

Materials and methods

The study was conducted among students of the EBSU. A total of 
2 640 students (1 300 male and 1 340 female) with an age range 
of 17 to 45 years were randomly selected from the four campuses 
of the university for the study. The university is located in south-

eastern Nigeria and the student population is dominated 
by Igbos and specifically Ebonyians. Blood samples were 
randomly collected by venepuncture from each student, into an 
ethylenediaminetetraacetic acid (EDTA) anticoagulant container 
and analysed at the EBSU Ultramodern Laboratory and Research 
Centre, using basic haematological techniques.17 Data regarding 
students’ age was collected through oral interviews. Ethical 
approval was obtained and participants’ consent was sought 
before being included in the study.

The haemoglobin variant was determined using the cellulose 
acetate electrophoresis method as described by Brown.18 A small 
volume of the EDTA anticoagulated blood was placed on a clean, 
grease-free tile and a drop of water was added to it to induce 
haemolysis. A portion of the lysed blood was placed on cellulose 
paper using an applicator. The cellulose paper was then carefully 
introduced to an electrophoresis machine containing a tris-EDTA-
borate buffer at pH 8.6. The sample was allowed to separate for 
15–20 minutes at an electromotive force of 160 volts.

The tile technique was used to determine the ABO and Rh 
grouping of each sample. On a clean white tile, a drop of the 
anticoagulated blood was placed on three different spots. A drop 
of each of the antisera (anti-A, anti-B, and anti-D) was added. The 
blood and the antisera were properly mixed, using a glass rod 
and then observed for the presence or absence of agglutination.

The data obtained was organised and presented using a graphical 
presentation and a simple frequency table. The prevalence of 
occurrence was established concerning sex and age. The test 
of significance was determined using the Kruskal–Wallis H test. 
All analyses were done using the statistical package for social 
sciences (IBM SPSS Statistics 22, Chicago, IL, USA).
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Figure 1: Graphical presentation of the prevalence of ABO and RhD blood groups in the study population



Distribution pattern of haemoglobin variants, ABO and Rhesus blood groups among undergraduate students of EBSU

JMLSTSA 2023;5(1) The page number in the footer is not for bibliographic referencing73

Results

A total of 2 640 samples from students of the EBSU (comprising 
49.2% male and 50.8% female) were used in the study. The 
prevalence of the RhD and ABO blood groups is shown in Figure 
1. Blood group O (58.1%) has the highest occurring frequency, 
followed by blood group A (23%). Blood group AB (2.8%) has 
the lowest prevalence. The blood group prevalence of RhD+ was 
significantly higher (95.8%, p < 0.05) compared to RhD-.

The sex and age distribution of the three parameters 
(haemoglobin variants, RhD and ABO blood groups) under study 
are shown in Table I and II; the distribution is neither sex- nor 
age-dependent (p > 0.05).

The distribution of haemoglobin variants in the study population 
is shown in Table II. HbAA (74.36%) had the highest occurring 
frequency followed by HbAS (25.19%), HbSS (0.30%), HbAC 
(0.11%), and HbSC (0.04%). The difference in the distribution 
of haemoglobin variants among the subjects was statistically 
significant (p < 0.05). The prevalence of ABO and Rh blood 

groups in the haemoglobin electrophoresis pattern of the study 

population was statistically significant (X2 = 26.279; p-value = 

0.0004) (Table III).

Discussion

This study showed that blood group O (58.1%) has the highest 

occurring frequency, followed by blood group A (23%). Blood 

group AB (2.8%) has the lowest prevalence. Similar results were 

recorded in other studies.10,16 Adeyemo and Soboyejo reported 

the prevalence of blood group O as 55.3%, A as 25.3%, B as 16.7%, 

and AB as 2.7% among Lagosians in Nigeria.19 In a separate study 

by Egesie et al., the distribution of ABO blood groups among the 

undergraduate students of Niger Delta University in Nigeria was 

reported as 49% for O, 22% for A and B, and 7% for AB.10 Another 

study conducted by Etim et al. in Adamawa, northeast Nigeria, 

reported a prevalence of 56.2% for O, 21.3% for B, 17.7% for A, 

and 4.7% for AB.20

The three allelic genes in the ABO blood group system (A, B, 

and O) are inherited in a Mendelian fashion.8 Both A and B are 

Table I: Distribution pattern of the ABO and RhD blood groups of the study population in relation to sex and age

Sex

ABO blood group RhD blood group Total
(%)A (%) B (%) AB (%) O (%) RhD+ RhD-

Male 
Female 

297
309

200
227

41
32

762
772

1 210
1 264

40
70

1 300 (49.2)
1 340 (50.8)

Total (%) 606 (22.9) 427 (16.2) 73 (2.8) 1 534 (58.1) 2 530 (95.8) 110 (4.2) 2 640

Age group (years)

≤ 20
21–30
31–40
> 40

185
203
121
97

97
166
56

108

20
19
15
19

439
400
306
389

707
759
476
588

34
29
22
25

741
788
498
613

Total (%) 606 (22.9) 427 (16.2) 73 (2.8) 1 534 (58.1) 2 530 (95.8) 110 (4.2) 2 640

Table II: Haemoglobin electrophoresis pattern of the study population

Sex

AA (%) AS (%) SS (%) AC (%) Total (%)

Male
Female

951
1 012

343
322

4
4

1
0

1
2

1 300 (49.2)
1 340 (50.8)

Total 1 963 (74.36) 665 (25.19) 8 (0.30) 1 (0.04) 3 (0.11) 2 640

Age

AA (%) AS (%) SS (%) SC (%) AC (%) Total (%)

≤ 20
21–30
31–40
> 40

540
598
361
464

200
184
132
149

1
4
3
0

0
0
1
0

0
2
1
0

741
788
498
613

Total 1 963 (74.36) 665 (25.19) 8 (0.30) 1 (0.04) 3 (0.11) 2 640

Table III: Prevalence of ABO and Rh blood groups in relation to the haemoglobin electrophoresis pattern of the study population

Hb variant A+ A- B+ B- AB+ AB- O+ O- Total

AA
AS
SS
SC
AC

447
128
3
1
1

19
7
0
0
0 

198
112
0
0
1 

8
8
0
0
0 

52
16
0
0
0 

5
0
0
0
0 

1 085
380
5
0
1

49
14
0
0
0 

1 963
665
8
1
3

Total 580 (22.0) 26 (1.0) 411 (15.6) 16 (0.6) 68 (2.6) 5 (0.2) 1 471 (55.7) 63 (2.3) 2 640
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codominant alleles, whereas O is a recessive allele. There are 

four ABO group phenotypes (A, B, AB, and O) that arise from six 

possible genotypes (AA, AO, BB, BO, AB and OO). The frequencies 

of ABO phenotypes vary among different ethnic populations. 

In Caucasians, the O and A phenotypes are the most common, 

occurring in more than 40% of the population. The B phenotype 

is found in approximately 10% of Caucasians, and the AB 

phenotype is the least frequently encountered in only 3% of 

individuals.8 The O gene is the most common of the ABO alleles; 

hence, the O phenotype tends to be the predominant phenotype 

throughout the world.8

Also, the prevalence of the RhD+ blood group was significantly 

higher (95.8%, p < 0.05) compared to the RhD- blood group 

individuals. Reports among various populations showed that 

the most prevalent Rh factor is the RhD+ blood group. Across 

the globe, a similar prevalence has been documented. An RhD- 

blood group prevalence of 5.5% has been recorded in the south 

of India, 5% in Nairobi, 4.5% in Nigeria, 7.5% in Lahore, and 7.7% 

in Rawalpindi.11,21,22 Egesie et al. reported a prevalence of 98% for 

the RhD+ blood group.10

The distribution of haemoglobin variants among the study 

population showed that HbAA (74.36%) has the highest 

occurring frequency, followed by HbAS (25.19%), HbSS (0.30%), 

HbAC (0.11%), and HbSC (0.04%). Earlier studies have reported 

similar findings with HbAA as the most prevalent at 55–75%, 

compared to AS at 20–30% and SS at 1–3%.23 The difference in 

the distribution of haemoglobin variants among the subjects was 

statistically significant (p < 0.05). An individual is considered to 

be Rh-positive if his or her red blood cells express the D antigen. 

The term Rh-negative refers to the absence of the D antigen. 

The absence of the D antigen occurs in approximately 15–17% 

of individuals in Caucasian populations and is less frequent in 

other populations.24 In Caucasian populations, the absence of 

the D antigen is usually due to the deletion of the RHD gene.24 

In Oriental and Black African/American populations, the absence 

of the D antigen is usually due to an inactive RHD rather than a 

gene deletion.25

The sex and age distribution of the three parameters 

(haemoglobin variants, ABO and Rh blood groups) under 

study, as shown in Table I and II, indicate that the distribution 

is neither sex- nor age-dependent (p > 0.05). However, random 

observations have shown that females have a higher prevalence 

of A and O blood groups compared to males, but the reason is 

unknown at the time of this study.

Conclusion

In conclusion, the researchers have established that the 

predominant haemoglobin variants and blood groups among 

the study population were blood group O, RhD+ and HbAA. 

Additionally, the prevalence of the blood groups concerning 

the haemoglobin variants was statistically significant (p < 0.05) 

but was not significantly distributed among the population 

concerning sex and age (p > 0.05).
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