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ABSTRACT 
	Introduction: Blood groups are types of inherited antigenic substances on the surface of red blood cells, other cell types, and body secretions that are coded by alleles at difference loci on a chromosome
Aims: 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 determine the ABO and Rhesus Blood groups and Genotypes pattern of the undergraduate students of Ambrose Alli University, Ekpoma, Nigeria.
Methodology: A total of two thousand and four hundred apparently healthy students aged 17-34 years and of both sexes were recruited for this study. The ABO and Rhesus blood groups were determined manually using haemagglutination technique while the haemoglobin genotype was performed using the cellulose acetate alkaline haemoglobin electrophoresis technique.
Results: In this study, blood group 0 ranked highest (61.3%) followed by group A (21.2%) and group B (14.7%) while group AB was the least (2.9%). Rhesus positive subjects accounted for 94.5% and the remainder (5.5%) was Rhesus negative. The ABO and Rhesus blood groups presented in the order of 0+>A+>B+>0->AB+>A->B->AB- with the respective frequencies of 58%, 20%, 13.8%, 3.3%, 2.5%, 1.2%, 0.8% and 0.1%. With respect to haemoglobin genotype, the ranking order was Hb AA>HbAS>HbAC>HbSS with respective frequencies of 78.6%, 20%, 0.3% and 0.25%.
Conclusion: Statistically speaking, sex and age did not impact on the distribution of ABO and Rhesus blood group as well as haemoglobin genotypes in the study area. In conclusion, group O, Rhesus D positive and Hb AA are the most prevalent blood groups and haemoglobin genotype in the study area.
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1. INTRODUCTION 
“Blood groups are types of inherited antigenic substances on the surface of red blood cells, other cell types, and body secretions that are coded by alleles at difference loci on a chromosome” (da Silva et al., 2017). “Several of these red blood cell surface antigens that stem from one allele (of very closely linked genes) collectively form a blood group system. A total of 30 human blood group systems are now recognized” (Misevic, 2018). 0f these, “ABO and Rhesus (Rh) blood group systems, which were the first and the fourth to be discovered, respectively, are the first frequently studied genetic markers in humans” (Enosolease & Bazuaye, 2008; Anifowoshe et al., 2017; Lugos et al., 2018).
“The ABO blood group system is a classification system that describes the different types of antigens present on the surface of red blood cells (RBCs) and antibodies present in plasma. There are four main blood types in the ABO system: A, B, AB, and O” (Hedberg et al., 2021). “Individuals with type A blood have A antigens on the surface of their RBCs and anti-B antibodies in their plasma. Those with type B blood have B antigens on the surface of their RBCs and anti-A antibodies in their plasma. Individual with type AB blood have both A and B antigens on the surface of their RBCs and antibodies in their plasma. People with type O blood have neither A nor B antigens on the surface of their RBCs but have anti-A and anti-B antibodies in their plasma” (Uno et al., 2018). The ABO blood group system is important in blood transfusions and organ transplantations, as the presence or absence of certain antigens and antibodies can cause adverse reactions if incompatible blood types are mixed. Therefore, knowing an individual’s blood is important for medical procedures and emergency situations.
“The Rhesus (Rh) blood group system is another classification system that describes the presence or absence of the Rh factor (also called the D antigen) on the surface of the red blood cells (RBCs). People who have the Rh factor on their RBCs are Rh positive, while those who lack the Rh factor are Rh negative” (Larpant et al., 2022). The Rhesus factor is particularly important in cases of blood transfusion and during pregnancy. If a person who is Rh-negative receives blood from an Rh-positive donor, their body may recognize the Rh factor as a foreign antigen and mount an immune response, potentially leading to serious complications. Similarly, during pregnancy, if an Rh-negative mother carries an Rh-positive foetus, there is a risk of the mother developing antibodies against the Rh factor which can cross the placenta and cause Haemolytic Disease of the Newborn (HDN) in subsequent pregnancies (Omkar & Narkhede, 2019).
Haemoglobin genotype refers to the specific combination of genes that an individual inherits for the production of haemoglobin, a protein found in red blood cells that carries oxygen throughout the body. There are several different types of haemoglobin, the most common are haemoglobin A and haemoglobin S (Barrera-Reyes & Tejero, 2019). Haemoglobin A is the normal adult haemoglobin, which is made up of two alpha and two beta globin chains. Haemoglobin S is a variant of haemoglobin that results from a mutation in the beta globin gene. Individuals who inherit two copies of the haemoglobin S gene (one from each parent) have sickle cell anaemia, a genetic disorder that causes red blood cells to become rigid and misshapen, leading to a variety of health problems (Xu et al., 2018). Other haemoglobin genotypes include haemoglobin C, haemoglobin E and thalassaemia which are also caused by mutation in the genes that produce haemoglobin.
Blood groups and haemoglobin genotype distribution have been extensively studied in a variety of populations around the globe and their frequencies showed significant regional variation, reflecting the underlying genetic and ethnic diversity of human populations. Hence, this study was aimed at determining the ABO and Rhesus blood groups and Haemoglobin genotype pattern of the Ambrose Alli University students in Ekpoma, Nigeria.

2. material and methods 
2.1 Study Area
The study area is Ekpoma and it is the administrative headquarters of Esan West Local Government Area of Edo State, Nigeria. It falls within the rain forest/Savannah transitional zone of South Western Nigeria. The area lies between latitudes 60 5l and 60 8l East of the Greenwich Meridian. Ekpoma has a land area of 923 square kilometers with a population of 170,123 people as at the 2009 census (World Gazetteer Nigeria 2007). The town has an official post office and it is the home of Ambrose Alli University.
2.2 Study population
A total of two thousand, four hundred (2,400) apparently healthy undergraduate students of Ambrose Alli University, Ekpoma who fell within the age bracket of 17 to 34 years and of both sexes were recruited for this study. Students were selected by random sampling from all the faculties and departments in the university. 

2.3 Sample Collection
About 2ml of blood was collected from each subject through venipuncture from the antecubital vein and dispensed into an Ethylene Diamine Tetraacetic Acid (E.D.T.A.) container and mixed properly and labelled accordingly.
2.4 Determination of ABO and Rhesus phenotypes
Red cell phenotyping for ABO and Rh phenotypes was carried out manually using haemagglutination technique.
2.5 Determination of Haemoglobin electrophoresis pattern
Haemoglobin electrophoresis was carried out using the Cellulose Acetate alkaline haemoglobin electrophoresis technique, which allowed for the separation of haemoglobin A, F, S and C into distinct bands. Haemolysates from blood samples of known haemoglobin genotypes (Hb AA, Hb AS and Hb SS) served as control. The result was read by comparing the distance of migration of the test sample with known controls.
2.6 Statistical Analysis
Data obtained was subjected to statistical analysis using simple proportion. Descriptive methods such as tables and figures were used for presentation of results where appropriate. Comparison of proportion was done using Chi-square (X2) at 95% level of significance. P value less than 0.05 was considered statistically significant.
3. results and discussion
3.1 Results
Table 1 reveals the ABO and Rhesus blood groups and haemoglobin genotype pattern of the study population. ABO blood group O ranked the highest (61.3%) followed by group A (21.2%) and group B (14.7%) while group AB was the least (2.9%). With respect to Rhesus factor, Rhesus positive subjects accounted for a frequency distribution of 94.5% and the remainder (5.5%) was Rhesus negative. The ABO and Rhesus blood groups pattern were in the order of O+>A+>B+>O->AB+>A->B->AB- with respective frequencies of 58%, 20%, 13.8%, 3.3%, 2.5%, 1.2%, 0.8% and 0.1%. The haemoglobin genotype distribution pattern were HbAA>HbAS>HbAC>HbSS with respective frequencies of 78.6% 20%, 0.3% and 0.25%.
The ABO and Rhesus blood groups and haemoglobin pattern of the study population in relation to sex is shown in table 2. With respect to ABO blood groups, Rhesus factor, ABO and Rhesus blood groups and haemoglobin genotype, there was no significant difference (P>0.05) between the male and female subjects in the study area.
Table 3 shows the ABO and Rhesus blood groups and haemoglobin genotypes of the subjects according to age. Blood groups A, B, AB and O are variably distributed among the various age groups of 17-20 years, 21-24 years, 25-28 years and 29 years and above. The same can be said for parameters such as the Rhesus factor, ABO and Rhesus blood groups and haemoglobin genotype frequency distributions among the various age groups.
Table 1: ABO and Rhesus blood groups pattern and Haemoglobin genotype of the study population
	Parameters
	Variables
	Number Observed
n = 2400
	Frequency

	ABO Blood groups
	A
B
AB
O
	509
352
69
1470
	21.2
14.7
2.9
61.3

	
	
	
	

	Rhesus factor
	Positive
Negative
	2269
131
	94.5
5.5

	
	
	
	

	ABO and Rhesus blood group pattern
	A Rh D+
A Rh D-
B Rh D+
B Rh D-
AB Rh D+
AB Rh D-
O Rh D+
O Rh D-
	481
28
332
20
60
3
1391
79
	20.0
1.2
13.8
0.8
2.5
0.1
58
3.3

	
	
	
	

	Haemoglobin genotype
	AA
AS
SS
AC
	1886
500
6
8
	78.6
20.8
0.25
0.3


Keys:
O Rh D+	=	O Rhesus D Positive
O Rh D-	=	O Rhesus D Negative
A Rh D+	=	A Rhesus D Positive
A Rh D-	=	A Rhesus D Negative
B Rh D+	=	B Rhesus D Positive
B Rh D-	=	B Rhesus D Negative

Table 2: ABO and Rhesus Blood Groups and Haemoglobin Genotype pattern of the study population in relation to Sex
	Parameters
	Variables
	 Male subjects
n = 1160
	Female 
Subjects
 n=1240
	X2
	P-value

	ABO Blood groups
	A
B
AB
O
	227 (9.46)
162 (6.75)
44 (1.83)
727 (30.29)
	282 (11.75)
190 (7.92)
25 (1.04)
743 (30.96)
	0.776
	0.295

	
	
	
	
	
	

	Rhesus factor
	Positive
Negative
	1061 (44.21)
79 (3.29)
	1208 (50.33)
52 (2.17)
	0.671
	0.468

	
	
	
	
	
	

	ABO and Rhesus blood group pattern
	A Rh D+
A Rh D-
B Rh D+
B Rh D-
AB Rh D+
AB Rh D-
O Rh D+
O Rh D-
	214 (8.92)
13 (0.54)
153 (6.38)
9 (0.38)
42 (1.75)
2 (0.08)
672 (28.0)
55 (2.29)
	270 (11.25)
12 (0.5)
179 (7.46)
11 (0.46)
22 (0.92)
3 (0.13)
717 (29.88)
26 (1.08)
	0.735
	0.361

	
	
	
	
	
	

	Haemoglobin genotype
	AA
AS
SS
AC
	865 (36.04)
229 (9.54)
01 (0.04)
05 (0.21)
	1021 (42.54)
271 (11.29)
05 (0.21)
03 (0.13)
	0.406
	0.320


p-value ≤0.05 is considered significant

Table 3: ABO and Rhesus Blood Groups and Haemoglobin Genotypes of the subjects in relation to age
	Parameters
	Variables
	17-20 yrs
n=485
	21-24 yrs
n=1186
	25-28 yrs
n=581
	29 yrs & above
n=148
	F-value
	P-value

	ABO Blood groups
	A
B
AB
O
	95 (3.96)    
52 (2.17)
11 (0.46)
327(13.63)
	215 (8.96)
198 (8.25)
31 (1.29)
742(30.92)
	157 (6.54)
81 (3.38)
23 (0.96)
320 (13.33)
	42 ( 1.75)
21 (0.88)
4 (0.17)
81 (3.38)
	0.645
	0.321

	
	
	
	
	
	
	
	

	Rhesus factor
	Positive
Negative
	532 (22.17)
37 (1.54)
	1113 (46.38)   
58 (2.42)
	445 (18.54)
25 (1.04)
	179 (7.46)
11 (0.46)
	0.896
	0.610

	
	
	
	
	
	
	
	

	ABO and Rhesus blood group 
	A +
A -
B +
B -
AB+
AB-
O+
O-
	90 (3.75)
5 (0.21)
50 (2.08)
2 (0.08)
11 (0.46)
0  (0)
305 (12.71)
22 (0.92)
	202 (8.42)
13 (0.54)
188 (7.83)
10 (0.42)
29 (1.21)
2 (0.08)
705 (29.38)  
37 (1.54)
	150 (6.25)
7 (0.29)
74 (3.08)
7 (0.29)
22 (0.92)
1 (0.04)
305 (12.71)
15 (0.63)
	39 (1.63)
3 (0.13)
20 (0.83)
1 (0.04)
4 (0.17)
0 (0)
76 (3.17)
5 (0.21)
	0.254
	0.110

	
	
	
	
	
	
	
	

	Haemoglobin genotype
	AA
AS
AC 
SS
	516 (21.5)
149 (6.21)
0 ( 0)
2 ( 0.08)
	831 (34.63 )
208 (8.67)
5 (0.21)
3 (0.13)
	408 (17)
102 (4.25)
3 (0.13)
1 (0.04)
	131 (5.46)
41 (1.71)
0 (0)
0  (0)
	0.687
	0.392



3.2 Discussion
“The importance of the knowledge of ABO and Rhesus blood groups and haemoglobin variants in regards to the health of an individual is enormous. The different types of information are useful in medical diagnosis, genetic information, genetic counseling and also for the general wellbeing of individuals” (Adeyemo & Soboyejo, 2006; Ajayi et al., 2022). In this study, the ABO gene frequencies pattern was O>A>B>AB with blood group O recording the highest frequency of 61.3% followed by blood A (21.2%) and blood group B (14.7%) with the least being blood group AB (2.9%). The prevalence of ABO blood groups reported in our study is similar to other studies from other parts of the country. For example, Azi et al. (2023) reported that “blood group O (58.1%) had the highest occurring frequency, followed by blood group A (23%), blood group B (16.1%),while blood group AB had the lowest prevalence of 2.8%”. Similarly, in a study conducted among 1900 students of a private university, Ohiengbomwan et al. (2018) reported the ABO blood groups distribution pattern of 59.7%, 21.6%, 16.6% and 2.0% for the respective blood groups of O, A, B and AB. In the same vein, the previous research of Egesie et al. (2008) and Azi et al. (2023) showed that “blood group O had the highest percentage distribution of 49% followed by groups A and B with 22% each respectively and the least percentage distribution being AB (7%)”. Among pregnant women, Jacob et al. (2023) and Aninagyei et al., (2024) studies showed consistent highest frequency of group O subjects, followed by blood group A and blood group B with group AB subjects recording the least frequency in their respective study populations. On the other hand, some studies carried out in Nigeria revealed a slightly different pattern of frequency distribution of O>B>A>AB compared to the distribution pattern of O>A>B>AB that we reported in our current study. For example, among the students of Bamidele Olumilua University of Education, Science and Technology in Ekiti State, Nigeria, Ajayi et al. (2022) findings showed that “out of the two thousand subjects that participated in their study, the distribution of ABO blood groups of the subjects were blood group O (53.6%), blood group B (26.6%), blood group A (17.8%) and blood group AB (2.0%)”. Similarly, the results obtained by Faga et al. (2020) revealed “the distribution pattern of ABO blood groups to be blood group 52.5% (n=919), followed by group B with 24.5% (n=409), group A was (18.4%) (n=307) and group AB was 2.2% (n=37)”. The reason for the slightly different pattern of O>B>A>AB in these studies is not understood. However, according to Howard & Hicks, (2024), “host genetic and environmental factors may also be important in the genesis of diseases”. Abegaz (2021) explained that “selection by infectious diseases at the level of ABO and secretor genes is persuasive but for other blood groups antigens, founders effect appear more likely to account for the distribution of blood group polymorphism”. It is worthy to note that “the high prevalence of group O individuals in nature is of great advantage in terms of availability of blood transfusion especially in emergencies. However, caution should be taken in doing this as some group O blood is known to contain potent immune haemolytic antibodies (Haemolysins)” (Ohiengbomwan et al., 2018). Therefore, “routine haemolysin test on every group O blood will help reduce the risk of transfusion reaction. Moreso, the O phenotype has been reported to show partly-specific association with protective malaria immunity in pregnancy leading to improved birth anthropometry” (Ebadan et al., 2017; Ai et al., 2022). 
Furthermore, it has been revealed that “blood type O can provide confrontation to severe P. falciparum malaria by reducing rosetting mechanism” (Abdulganiyu, 2016; Ebadan et al., 2017; Anifowoshe et al., 2017). “Several malaria pathogenesis was linked to rosetting and sequestration. The first implies the formation of masses of diseased RBCs and normal RBCs and / or platelets. The second implies the course whereby P. falciparum-infected RBCs move on and stick to the microvascular endothelium and then are removed from the circulation” (Yamamoto, 2022). “The complement receptor type I (CRI) is a rosetting receptor in RBCs and CRI seems to carry the Knops blood type antigens with the SI (a) phenotype creating less rosettes” (Lalchhandama, 2017). “Identification of a carbohydrate structure found in the glycophorin A or B that consists of sialic acid and galactose is the major requisite for the entrance of P. falciparum merozoites into human RBCs” (Abdulganiyu, 2016; Degarege et al., 2019). “Sialic acid is common to some pathways that use glycophorins as ligands have also been related to ABO phenotypes. Sialic acid is one of the vital molecules for parasite attachment, and it has been thought the human-chimpanzee variations in malaria vulnerability are linked to the genetic alterations in sialic acid molecules found in glycophorins” (Ebadan et al., 2017; Alisson-Silva et al., 2018). “In areas endemic for P. falciparum malaria, it is well known that a variety of RBC polymorphisms related to confrontation of severe illness have experienced positive selection” (Min-Oo & Gros, 2005; Ebadan et al., 2017; Band et al., 2022).
Elsewhere, “blood group O is the most common blood type in populations around the world, including the USA” (Garratty et al., 2004; Yanasik et al., 2020) and Western Europe (da Silva et al., 2017; Ahmed et al., 2019). “Among the indigenous populations of Central and South America, the frequency of O blood type is extremely high, nearing 100%” (Dean, 2005; Aoki, 2017). “It is also high among Australian Aborigines. In other populations, blood group is not the most prevalent blood group. For example, blood type A is prevalent in Central and Eastern Europe. In countries such as Austria, Denmark, Norway and Switzerland, about 45-50% of the population have this blood type, whereas about 40% of Poles and Ukranians do so” (Dean, 2005; Aoki, 2017). “The highest frequencies are found in small, unrelated populations such as Blackfoot Indians of Montana with blood type A prevalence rate of about 80%. On the other hand, blood type B is relatively common in Chinese and Indians, being present in up to 25% of the population. However, it is less common in European countries and Americans of European origin, being found in about 10% of these populations” (Dean, 2005; Aoki, 2017). Furthermore, “blood type AB is most common in Japan, regions of China and in Koreans, being present in about 10% of these populations” (Dean, 2005; Aoki, 2017).
The frequency of Rh D positive was 94.5% while that of Rh D negative was 5.5%. This is in harmony with previous reports of Ohiengbonwan et al. (2018) who found 95.6% and 4.4% rates for Rhesus positive and Rhesus negative among the students population of a private university in Nigeria. Similarly, Ajayi et al. (2022) found 96% of the 2,000 subjects they treated were Rhesus “D” positive while 4.0% were Rhesus “D” negative. Furthermore, out of a total of two hundred undergraduate students studied, Egesie et al. (2008) and Azi et al. (2023) reported 98% to be Rh-D positive and that of Rh-D negative was found to be 2%. In another previous and related study, Faga et al. (2020) revealed the distribution of Rhesus D antigen to be 96.7% (n=1617) out of the 1672 newly admitted undergraduate students that were randomly recruited and 3.3% (n=56) were Rh-D negative. In addition, Azi et al. (2023) established that the prevalence of the Rh D+ blood group was significantly higher (95.8%, p<0.05) compared to Rh D- blood group among the students of EBSU, Abakaliki, Ebonyi state, Nigeria. It is pertinent to mention that the female subjects that are Rhesus D negative may stand the risk of developing anti-D if necessary, measures are not put in place when they are pregnant with a Rhesus positive foetus (Avent, 1998; Wienzek-Lischka et al., 2020) where “it can lead to Haemolytic Disease of the Newborn (HDN), erythroblastosis foetalis and it may be fatal to the foetus” (Dennis et al., 1998; Yang et al., 2019).
Haemoglobin genotype is typically done to diagnose and classify haemoglobinopathies. In this study, the prevalence rates of Hb AA, Hb AS, Hb SS and Hb AC were 78.6%, 20.8%, o.25% and 0.3% respectively. With respect to Hb AA, our result is in concordance with the previous reports of Ajayi et al. (2022), Ohiengbomwan et al. (2018) and Azi et al. (2023) who found respective distribution patterns of 72.4%, 72.5% and 74.36% among the undergraduate students they studied. However, our result is at a slight variance with previous reports of Egesie et al. (2008) and Azi et al. (2023) who reported a percentage distribution rate of 66%. The reason for this is not clear but we are inclined to attribute this to the small population sample size they used in their study in comparison to ours where a large sample size was used. In relation to Hb AS, the percentage distribution rate of 20.8% obtained in this study is comparable to the earlier studies of Ajayi et al. (2022), Ohiengbomwan et al. (2018), Azi et al. (2023) and Egesie et al. (2008) who found respective prevalence rates of 22.6%, 23.4%, 25.19% and 26% in studies done among undergraduate students. The prevalence rates for haemoglobin variants AA and AS found in this study is also in agreement with the reports of Jacob et al. (2023). This finding can also be said to fall within the normal range of 55-75% earlier reported for blacks for Hb AA and 20-30% quoted for Nigeria and the 20-40% for Africa in general for Hb AS (da Silva et al., 2017; Pecker & Lanzkron, 2021; Ezenwosu et al., 2024).
[bookmark: _GoBack]The previous studies of Jacob et al. (2023), Ohiengbomwan et al., (2018), Akhigbe et al. (2009), Lugos et al., (2018) and Azi et al. (2023) have reported “the presence of 2-6% abnormal haemoglobin genotypes in Nigeria”. In this study, the prevalence rate of Hb SS was 0.25%. Our finding is in tandem with the earlier reports of Azi et al. (2023) who reported “a prevalence rate of 0.30% among the subjects they studied”. Other authors such as Ajayi et al. (2022), Ohiengbomwan et al. (2018) and Egesie et al. (2008) had reported slightly higher prevalence rates of 1%, 1.5% and 2% respectively. Our result may possibly suggest that the sickling pool is gradually reducing in the African population. Furthermore, “the low frequency of Hb SS obtained in the current study population could be attributed to increased awareness of the disease, improve socio-economic conditions and other environmental and genetic factors which have an overall effect on the sickling pool” (Ohiengbomwan et al., 2018). This may also be attributed to an active programme of prenatal diagnosis among pregnant women and the roles of premarital genetic counseling and screening (whichever comes first) in Nigeria. The sickle cell heterozygote (HbA HbS) is immune to malaria (Ebadan et al., 2017; Germain & Jurca-Simina, 2018). Thus, in areas where malaria is common, the fit genotype appears to be sickle cell heterozygote, which has resistance to malaria and has only minor anaemia compared to individuals with normal haemoglobin (Hb A) and sickle cell homozygote (HbS HbS).
4. Conclusion
In conclusion, the results of this study showed that among undergraduate students in Ekpoma, Nigeria, blood group O, Rhesus D positive, and hemoglobin genotype AA are the most common, although aberrant hemoglobin variations like HbSS and HbAC were found at very low frequencies. These findings are extremely pertinent to public health. The prevalence of group O and RhD-positive people has significant effects on emergency care, maternal-child health, and blood transfusion services, especially in preventing hemolytic illness in newborns delivered to Rh-negative women. The steady presence of HbAS carriers emphasizes the need for ongoing public health education on sickle cell prevention and genetic counseling, while the comparatively low frequency of sickle cell disease genotypes indicates the gradual success of awareness campaigns, premarital counseling, and genetic screening programs. The information offers useful baseline data that can direct genetic counseling programs, transfusion safety regulations, and blood bank operations in Nigeria. Improving knowledge of hemoglobinopathies, encouraging premarital genotype testing, and bolstering routine screening are still essential for lowering avoidable health burdens in the community.
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