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Background: ABO and Rhesus factor (Rh) blood type are germane in human life in genetics and clinical
studies.
Aim of the study: The review was undertaken with the objective to provide data on the ABO and Rh(D)
blood group distribution and gene frequency across Nigeria which is vital for blood transfusion and sus-
ceptibility to disease.
Materials and methods: Literature search for ABO/Rh blood distribution in Nigeria was done and allele fre-
quencies of A, B, O, D and d were calculated from the frequency recorded from six geopolitical zones in
Nigeria. We reported frequency of ABO and Rhesus blood type from 318,940 and 280,514 individuals
respectively. Prevalence were reported as percentage and Hardy-Weinberg equilibrium was tested using
Chi square test and p was set at 0.05 unless otherwise stated.
Results: We reported ABO blood group frequencies in the order O > A > B > AB (52.93%, 22.77%, 20.64%
and 3.66%) while prevalence of Rh+ was 94.90% from total population studied. Our reported frequencies
did not differ from Hardy-Weinberg equilibrium (goodness-of-fit X2 for ABO = 1.74 df = 3, p < 0.05). Allelic
frequencies for A(p), B(q) and O(r) are 0.143, 0.130 and 0.728 respectively.
Conclusion: The study provides information on the distribution/frequency of ABO/Rh(D) blood group and
their corresponding allelic proportion in a large Nigeria study. It also revealed how the Nigerian popula-
tions in the North, South, West and East vary with respect to genetic traits. This vital information will be
important for population genetics and anthropology studies and may be helpful in planning for future
health strategy and blueprint, particularly planning with regards to disease management and blood
transfusion medicine.
� 2016 Ain Shams University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Blood transfusion resulted in high mortality before the discov-
ery of ABO blood groups because there was no knowledge of the
difference in the blood composition among individuals in human
population [1]. Later study by Landsteiner [2] made it possible to
type/group blood to ABO class (A, B and O) based on the presence
or absence of surface antigens on red blood cell (RBC). The last type
(AB) was discovered in 1902 by DesCasterllo and Sturli [3]. These
germane discoveries lead to reduced mortality due to blood trans-
fusion. Human ABO type is a classic example of multi-allelism
because it has three alleles (A, B and O) and its phenotype could
be O, A, B or AB. The composition for an individual ABO blood type
is always based on inheritance of gene on chromosome 9(9q34)
which encodes glycosyl transferases that transfer some oligosac-
charides residues to H antigen, resulting in the formation of group
A and B antigens but O individuals lack such activity [4].

Rh blood type (Rhesus) is second to ABO blood group in its
importance in blood transfusion biology. It is highly polymorphic
because it contains more than forty-four different antigens but
the most clinical significant polymorphism is the presence or
absence of the Rh (D) antigen on the red blood cell.

Environmental factor does not change individual blood during
life except in rare cases of certain diseases like Acute Leukemia
[5–7] or bone marrow transplant. Although ABO blood group is
determined by inheritance, natural selection may have influenced
the current frequencies of ABO types among populations based
on susceptibility to particular diseases or disorders [8–10].

A, B and O (H) are determinants for the antigens on ABO blood
group respectively which are complex oligosaccharide (carbohy-
drate) molecules positioned strategically on the extracellular sur-
face of the red blood cell (RBC) membrane [11]. Apart from their
expression on the RBC, ABO antigens are also highly expressed
on the surface of a variety of human cells and tissues, including
the epithelium, sensory neurons, platelets, and the vascular
endothelium [12]. Thus, the biological/clinical importance of the
ABO blood group system extends beyond transfusion medicine/
immunohaematology because there are accumulating evidence
that the ABO blood group also plays a key role in various human
diseases such as diabetes, cardiovascular, neoplastic, carcinoma
and infectious disorders [8,13–14]. From the foregoing, we can
deduce that ABO and Rh blood groups polymorphism are valuable
and indispensable tools in contemporary medicine, population
genetics and anthropology.

The distribution of these two blood groups has been repeatedly
investigated in various populations all over the world and their fre-
quencies exhibited considerable variation in different geographic
locations, reflecting the underlying genetic and ethnic diversity
of human populations [15]. A multi race/ethnic study in the United
State reported that blood type O is the most prevalent (46.6%) with
White non-Hispanic, Hispanic, Black non-Hispanic, Asian and
North American Indian having varying percentage of 45.5, 56.5,
50.2, 39.8 and 54.6 respectively [15]. Other studies in Turkey,
Mauritania, Iran, Ethiopia, Colombia, Cameroun, Bangladesh,
Madagascar, Morocco, Guinea and Northern India have reported
varying percentage in ABO and Rh blood types [15–26].

Nigeria is a highly populated country comprising of different
ethnic groups. As with many other genetic traits, the gene fre-
quency of ABO and Rh blood group varies significantly within the
six geopolitical zones in Nigeria [27–34]. Therefore, this study
reviewed the distribution of ABO and Rh blood groups and deter-
mined it gene frequency in different parts of Nigeria to serve as a
reference/database that contains information on ABO and Rh(D)
phenotype for accurate ABO/ Rh(D) phenotype/allelic frequencies
for the six geo-political zones in Nigeria.
2. Materials and methods

A search engine for ABO and Rh(D) distribution/prevalence/
frequency of different blood type in Nigeria was done and used
for our data analysis on frequency and allele distribution of ABO
and Rh(D) in Nigeria.

We assigned p, q and r to allele A, B, and O respectively for the
allele frequencies of ABO blood group genes. Their frequencies
were calculated under Hardy-Weinberg (H-W) assumptions as
[(p + q + r)2 = p2 + q2 + r2 + 2pq + 2pr + 2pq = 1] as p2 (IAIA) + 2pr
(IAIO) + q2 (IBIB) + 2qr (IBIO) + 2pq (IAIB) + r2 (IOIO) while allele D
and d in rhesus type were assigned p and q respectively and their
frequencies were also calculated using H-W equilibrium p2 + 2pq +
q2 = 1 [35].

Allele frequencies were calculated under the assumption of
H-W equilibrium and prevalence were expressed as percentages.
Chi-square test was used to compare observed allelic and geno-
typic frequency distributions of the blood group and Rh antigens
to that expected under the H-W equilibrium [35].
3. Results

ABO and Rh phenotype frequencies from different states/loca-
tions and geopolitical zones were compared and their correspond-
ing allelic frequencies (A, B, O, D and d) were computed with data
compiled from each studies. A total of 318,940 and 280,514 indi-
viduals were compared for ABO and Rh(D) respectively in this
study. Total data collated from Nigeria showing their distribution
and percentages (Table 1) revealed that the ABO blood group fre-
quencies were found in the order O > A > B > AB (52.93%, 22.77%,
20.64% and 3.66%) while prevalence of Rh+ was 94.90% (Table 2).
We observed a similar trend when we compared them across six
geopolitical zones except that B > A in North-West (Table 1). As
shown in Table 1, the frequency of allele A, B and O are 0.143,
0.130 and 0.728 respectively.

As shown in Table 1, we found that the distribution and propor-
tion of individuals having ABO blood antigens did not differ from
those expected under Hardy–Weinberg equilibrium for overall
total in Nigeria, South-West (SW), North-West (NW), and South-
East (SE) (goodness-of-fit X2 for ABO = 1.74, 1.28, 1.29 and 6.97
respectively df = 3, p < 0.05), however; the distribution and propor-
tion of individuals having ABO blood antigens differ from those
expected under Hardy–Weinberg equilibrium for North-Central,
South-South and North-Eastern part of Nigeria (goodness-of-fit
X2 for ABO = 928.91, 222.00 and 12.05 respectively, df = 3,
p < 0.05). As expected the frequency of Rh+(D) recorded for overall
total in Nigeria from this study was 94.9%. The distribution and
proportion of individuals having Rh blood antigens for overall total
in Nigeria and all six geopolitical zones did not differ from those
expected under Hardy–Weinberg equilibrium at df = 1 and
p < 0.01 (Table 2).
4. Discussion

This study investigated the distribution and gene frequencies of
ABO and Rh (D) blood group systems in most parts of Nigeria with
representatives in each of the six geopolitical zones. The data col-
lated revealed that the ABO blood group frequencies were found in
the order O > A > B > AB (52.93%, 22.77%, 20.64% and 3.66%) respec-
tively among Nigeria population. Our data is in agreement with
other reports from most parts of the world as reported from a
study on 3,086,215 individuals belonging to different race/ethnic
groups in USA (O;46.6%, A;37.1%, B;12.2% and AB;4.1%) [15]. Also
in congruent with studies from Mauritania, Morocco, Cameroun,



Table 1
Phenotypic distribution of ABO blood group system and allele frequencies in Nigeria.

Zone States Place of Research O(%) A(%) ABO SYSTEM Total Allele References

B(%) AB(%) p q r

North
Central

Kwara Ilorin (2004–2009) 5605(58.13) 1800
(18.67)

1699(17.62) 539(5.59) 9643.00 0.114 0.124 0.762 [32]

Plateau Jos 1442(41.48) 799(22.99) 1064(30.61) 171(4.92) 3476.00 0.159 0.197 0.644 [28]
FCT Abuja 144(47.21) 66(21.64) 80(26.23) 15(4.92) 305.00 0.143 0.170 0.687 [44]
Minna Niger (2008–2012) 6196(44.46) 3560

(25.54)
2689(19.29) 1492910.71) 13937.00 0.170 0.163 0.667 [34]

Total (NC) 13387
(48.93)

6225
(22.75)

5532(20.22) 2217(8.10) 27361.00 0.147 0.153 0.699

South
Western

Lagos Lagos (1998–2009) 12609
(52.91)

5504
(23.09)

5072(21.28) 64792.71) 23832.00 0.144 0.128 0.727 [33]

Lagos UNILAG 83(55.33) 38(25.33) 25(16.67) 4(2.67) 150.00 0.154 0.102 0.744 [45]
Lagos UNILAG(2008/2009) 304(67.26) 64(14.16) 70(15.49) 14(3.10) 452.00 0.082 0.098 0.820 [46]
Ogun Abeokuta 1074(53.70) 428(21.40) 419(20.95) 79(3.95) 2000.00 0.134 0.133 0.733 [47]
Ogun Ayetoro 62(59.05) 20(19.05) 18(17.14) 5(4.76) 105.00 0.115 0.116 0.768 [48]
Osun Osogbo 9605(53.58) 3787

(21.12)
3825(21.34) 710(3.96) 17927.00 0.132 0.136 0.732 [49]

Osun Bowen Univ., Iwo 49(51.58) 28(29.47) 15(15.79) 3(3.16) 95.00 0.182 0.100 0.718 [50]
Oyo Ogbomosho (1995–

2000)
3824(49.97) 1750

(22.87)
1629(21.29) 450(5.88) 7653.00 0.147 0.147 0.707 [30]

Oyo LAUTECH 596(53.12) 239
(21.300

255(22.73) 32(2.85) 1122.00 0.134 0.137 0.729 [51]

Oyo Ibadan (1988–1992) 2575(54.23) 1023
(21.55)

1017921.42) 13392.80) 4748.00 0.134 0.129 0.736 [27]

Oyo Ibadan 8756(49.93) 3850
(21.95)

4197(23.93) 735(4.19) 17538.00 0.141 0.152 0.707 [28]

Ekiti Ado-Ekiti (2009–2014) 5290(70.05) 972(13.42) 950(13.12) 30(0.41) 7242.00 0.075 0.070 0.855 [52]
Total (SW) 44827

(54.10)
17703
(21.36)

17492
(21.11)

2842(3.43) 82864.00 0.133 0.131 0.736

South South AkwaIbom Uyo 227(44.51) 149(29.22) 111(21.76) 23(4.51) 510.00 0.191 0.141 0.667 [53]
Bayelsa NDU 98(49.00) 44(22.00) 44(22.00) 14(7.00) 200.00 0.143 0.157 0.700 [54]
Delta Abraka 455957.23) 175(22.01) 148(18.62) 17(2.14) 795.00 0.134 0.110 0.757 [55]
Edo Benin 85376

(53.22)
38056
(23.72)

32235
(20.09)

4764(2.97) 160431.00 0.148 0.123 0.729 [31]

Rivers Port Harcount 342(55.16) 142(22.90) 106(17.10) 30(4.84) 620.00 0.141 0.116 0.743 [56]
Rivers PH (Niger Delta) 94(46.08) 54(26.47) 48(23.53) 8(3.92) 204.00 0.173 0.148 0.679 [57]
Rivers MUTH, Elele 102(52.85) 52(26.94) 31(16.06) 8(4.15) 193.00 0.166 0.107 0.727 [58]

Total (SS) 86694
(53.20)

38672
(23.73)

32723
(20.08)

4864(2.98) 162953.00 0.148 0.123 0.729

North West Kano Kano 2860(57.20) 1025
(20.50)

1035(20.70) 8091.60) 5000.00 0.125 0.119 0.756 [59]

Sokoto Sokoto 2949(46.68) 1401
(22.17)

1725(27.30) 243(3.85) 6318.00 0.147 0.170 0.683 [28]

Zamfara Gusau 277(55.40) 88(17.60) 119(23.80) 16(3.20) 500.00 0.110 0.146 0.744 [60]
Kaduna ABUTH Kaduna (2000–

2004)
6194
(49.200

2681
(21.30)

3059(24.30) 655(5.20) 12589.00 0.138 0.160 0.701 [25]

Total (NW) 12280
(50.31)

5195
(21.28)

5938(24.33) 994(4.07) 24407.00 0.137 0.154 0.709

South East Enugu Enugu 2421(56.88) 1077
(25.31)

650(15.27) 108(2.54) 4256.00 0.152 0.093 0.754 [28]

Abia Umudike 356(63.12) 130(23.05) 65(11.52) 13(2.30) 564.00 0.134 0.072 0.794 [61]
Ebonyi Abakaliki 1898(57.81) 724(22.05) 593(18.06) 68(2.07) 3283.00 0.133 0.106 0.760 [62]

Total (SE) 4675(57.69) 1931
(23.83)

1308(16.14) 189(2.33) 8103.00 0.143 0.097 0.760

North East Borno Maiduguri 3481(55.62) 1481
(23.67)

1083(17.31) 213(3.40) 6258.00 0.145 0.110 0.746 [28]

Adamawa Yola 769950.59) 250(16.45) 326(21.45) 175(11.51) 1520.00 0.107 0.181 0.711 [63]
Yobe Nguru 2695(49.23) 1166

(21.30)
1424(26.01) 189(3.45) 5474.00 0.138 0.160 0.702 [64]

Total (NE) 6945(52.41) 2897
(21.86)

2833(21.38) 577(4.35) 13252.00 0.138 0.138 0.724

Overall total 168808
(52.93)

72623
(22.77)

65826
(20.64)

11683(3.66) 318940.00 0.143 0.130 0.728 This study
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Tunisia, Ethiopia and Iran where they reported same order
(O > A > B > AB) as ours [17–19,21,24,36] (Table 3). However, our
results are slightly different from study in Madagascar and Guinea
that reported this trend (O > B > A > AB) as shown in Table 3
[23,25]. Our report is also different from studies in India and
Bangladesh where prevalence of B is highest followed by O and
the least was AB (B > O > A > AB) [22,26]. Higher prevalence of
blood group B in Bangladesh might be due to protection against
disease because studies have shown that Cholera infections are
particularly severe for blood group O individuals [37–39]. Lastly,
our result is also not in congruent with data from Turkey and
Colombia where they reported a trend that A > O > B > AB [16,20].
Difference observed might be due to genetic and environmental
factors



Table 2
Phenotypic distribution of Rh blood group system and allele frequencies in Nigeria.

Zone States Place of Research Rh+ve Rh�ve Total d(q) D(p) References

North Central Kwara Ilorin (2004–2009) 9209 (95.5) 434 (4.5) 9643 0.212 0.788 [32]
Plateau Jos 3326 (95.68) 150 (4.32) 3476 0.208 0.792 [28]
FCT Abuja 292 (95.7) 13 (4.3) 305 0.206 0.794 [44]
Minna Niger (2008–2012) 13,480 (96.7) 457 (3.3) 13937 0.181 0.819 [34]

Total (NC) 26307(96.1) 1054 (3.9) 27361 0.198 0.802

South Western Lagos Lagos (1998–2009) 23,053 (97.0) 711 (3.0) 23764 0.173 0.827 [33]
Lagos UNILAG 141 (94) 9 (6) 150 0.245 0.755 [45]
Lagos UNILAG (2008/2009) 421 (93.14) 31 (6.86) 452 0.262 0.738 [46]
Ogun Abeokuta 1867 (93.35) 133 (6.65) 2000 0.258 0.742 [47]
Ogun Ayetoro 102 (97.1) 3 (2.9) 105 0.169 0.831 [48]
Osun Osogbo NR NR NR NR NR [49]
Osun Bowen Univ., Iwo 89(93.7) 6(6.3) 95 0.251 0.749 [50]
Oyo Ogbomosho (1995–2000) 6823 (96.7) 230 (3.3) 7053 0.181 0.819 [30]
Oyo LAUTECH 1047 (93.32) 75(6.68) 1122 0.259 0.741 [51]
Oyo Ibadan (1988–1992) 4520 (95.2) 228 (4.8) 4748 0.219 0.781 [27]
Oyo Ibadan 16505 (94.11) 1033 (5.89) 17538 0.243 0.757 [28]
Ekiti Ado-Ekiti (2009–2014) NR NR NR NR NR [52]

Total (SW) 54568(95.7) 2459(4.3) 57027 0.208 0.792

South South Akwa Ibom Uyo 481(94.3) 29(5.7) 510 0.238 0.762 [53]
Bayelsa NDU 196 (98) 4 (2) 200 0.141 0.859 [54]
Delta Abraka 781(98.2) 14 (1.8) 795 0.133 0.867 [55]
Edo Benin 150,769(94.0) 9,662 (6.00) 160431 0.245 0.755 [31]
Rivers Port Harcount 600(96.8) 20 (3.2) 620 0.180 0.820 [56]
Rivers PH (Niger Delta) 190 (93) 14 (7) 204 0.262 0.738 [57]
Rivers MUTH, Elele 177 (91.7) 16 (8.3) 193 0.288 0.712 [58]

Total (SS) 153194(94.0) 9759(6.0) 162953 0.245 0.755

North West Kano Kano 4741 (94.8) 259 (5.2) 5000 0.228 0.772 [59]
Sokoto Sokoto 6220 (98.45) 98 (1.55) 6318 0.125 0.875 [28]
Zamfara Gusau 494 (98.80) 6 (1.2) 500 0.110 0.890 [60]
Kaduna ABUTH Kaduna (2000–2004) NR NR NR NR NR [25]

Total (NW) 11455(96.9) 363(3.1) 11818 0.175 0.825

South East Enugu Enugu 4065 (95.51) 191 (4.49) 4256 0.212 0.788 [28]
Abia Umudike 534 (94.7) 30 (5.3%) 564 0.231 0.769 [61]
Ebonyi Abakaliki 3145(95.8) 138(4.2) 3283 0.205 0.795 [62]

Total (SE) 7744(95.6) 359(4.4) 8103 0.210 0.790

North East Borno Maiduguri 6138 (98.08) 120 (1.92) 6258 0.138 0.862 [28]
Adamawa Yola 1480 (97.4) 40 (2.6) 1520 0.162 0.838 [63]
Yobe Nguru 5222(95.4) 252(4.6) 5474 0.215 0.785 [64]

Total (NE) 12840(96.9) 412(3.1) 13252 0.176 0.824

Overall Total 266108(94.9) 14406(5.1) 280514 0.227 0.773 This study

Table 3
Comparative analysis of phenotypic distribution of ABO and Rhesus antigens in different population.

Population O A B AB Rh(D)+ Rh(D)� References

White non-Hispanic in US 45.20 39.70 10.90 4.10 82.7 17.30 [15]
Hispanic in US 56.50 31.10 9.90 2.50 92.7 7.30 [15]
Black non-Hispanic in US 50.20 25.80 19.70 4.30 92.9 7.10 [15]
Asian in US 39.80 27.80 25.40 7.10 98.3 1.70 [15]
North American Indian in US 54.60 35.00 7.90 2.50 90.3 9.70 [15]
All donors in US 46.60 37.10 12.20 4.10 85.4 14.60 [15]
Turkey 29.70 38.20 14.40 6.80 89.6 10.40 [16]
Northern India 29.10 21.73 39.84 9.33 95.71 4.29 [26]
Mauritania 49.10 28.28 18.56 4.05 94.23 5.77 [17]
Morocco 46.80 32.86 15.80 4.53 91 9.00 [24]
Cameroun 48.62 25.07 21.86 4.45 96.32 3.68 [21]
Madagascar 41.60 22.61 29.66 6.13 98.9 1.10 [23]
Guinea 48.88 22.54 23.86 4.72 95.94 4.06 [25]
Ethiopia 43.08 28.11 23.35 5.44 92.06 7.94 [19]
Iran 40.21 28.48 24.71 6.60 92.38 7.62 [18]
Bangladesh 28.00 27.00 34.00 10.00 99 1.00 [22]
Colombia 37.00 51.18 8.66 3.14 91.33 8.66 [20]
Tunisia 59.27 37.64 22.55 6.71 NA NA [36]
Nigeria 52.93 22.77 20.64 3.66 94.9 5.10 This study
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From the foregoing we can deduced that our result is in congru-
ent with other studies from other parts of Africa where O is the
predominant blood group (O > A > B > AB) but slightly different
from data from Madagascar and Guinea (O > B > A > AB). Due to
the fact that ABO blood group play germane role in human dis-
eases, it is thus beyond immunohaematology [13]. The higher
prevalence of O blood group observed in this study might have
an evolutionary advantage in conferring resistance to some disease



Table 4
Frequency of allele A(p), B(q) and O(r) in different population.

Population p q r Reference

Tunisia 0.195 0.120 0.685 [36]
Mauritania 0.177 0.120 0.702 [17]
Morocco 0.209 0.108 0.684 [24]
Cameroun 0.161 0.142 0.698 [21]
Madagascar 0.156 0.199 0.645 [23]
Guinea 0.147 0.155 0.698 [25]
Ethiopia 0.189 0.157 0.655 [19]
Bangladesh 0.211 0.259 0.531 [22]
Nigeria 0.143 0.130 0.728 This study
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like malaria that is peculiar to Nigeria. Thus dominance of O group
in Nigeria could be protective against malaria because studies have
shown that the erythrocytes of an individual with blood type O
might not be suitable for rosette formation by Plasmodium falci-
parum [40–41]. Several studies have supported this by reporting
protective nature of blood group ‘O’ from falciparum infection
[41–43]. Lastly, our result is in line with Cserti and Dzik, [42] that
reported the distribution of blood group O ranging from 40–80% in
malaria prone countries in Africa.

As shown in Table 3, phenotypic distribution of Rh(D) reported
in this study is in agreement with others reports from different
parts of the world [18–25]. But we observed that Rh phenotype
(D) – (14.60) was higher among different ethnic/race in US [15].
Higher prevalence of Rh(D)+ is important because clinical situa-
tions like fetomaternal hemorrhage during the course of pregnancy
could arise through Rh incompatibility.

As shown in Table 4, the gene frequencies for alleles A, B and O
from this study were 0.143, 0.130 and 0.728 respectively. This is
comparable to studies from Tunisia, Mauritania, Morocco, Camer-
oun and Ethiopia [17,19,21,24,36] but slightly different reports
were recorded from Madagascar, Guinea and Bangladesh because
prevalence of allele B was greater than allele A, though O was still
the highest allele [22–23,25] (Table 4).
5. Conclusion

This large study from Nigeria gives a detailed prevalence/
frequency of ABO and Rhesus factor and their allelic distribution.
Our results show a similar trend of ABO/Rh (D) blood group profile
compared to many African studies suggesting similar evolutionary
pattern. The results should be of importance for Nigeria blood bank
information system, population genetics and anthropological
research. We also showed how blood group might relate to disease
burden which in turn might define the approach to future health
strategy and blueprint. Thus, the knowledge of the distribution of
ABO and Rhesus (Rh) blood groups is important in the effective
management of blood banks and safe blood transfusion services.
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