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Abstract
Background: Abnormal haemoglobin variants ( HbSS,AS,AC,SC,etc) have been known to be common among
blacks. Patients with sickle cell disease are often faced with the risk of alloimmunization from allogeneic blood
transfusion
Objectives: The study was designed to sample students population of African descents for the purpose of updating
information on the prevalence of abnormal haemoglobin variants, ABO, and Rh blood groups and compare the results
with previously published data
Methods: Standard electrophoretic and haemagglutination techniques were employed in testing the blood samples.
Results: Of the 620 students screened, 80.32% were HbAA and 19.68% HbAS. 22.9% were of blood group A,
17.10% group B, 4.84% group AB and 55.16% group O. 96.77% were Rh.D positive while 3.23% were Rh D
negative. Sickle cell gene in homozygous state (HbSS) and other abnormal haemoglobin variants were not encountered
in this students population,. Analysis of the students population revealed that 454(73.23%) were females while
166(26.77%) were males. Participants of the age group 26-30 years (35.7%) constituted the majority and in this age
group, all blood groups were represented.
Conclusion: There is a gradual decline in the prevalence of abnormal haemoglobin variants in our black population.
The frequencies of ABO and Rh blood groups however appeared to be stable and consistent with previous published
data.
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Introduction
Haemoglobin genotypes and blood groups are
all inherited blood characters.The inherited disorders of
haemoglobin are the most common gene disorders with
7% of the world’s population being carriers1. It is on
record that about 300,000 children are born with sickle
cell disease (SCD) worldwide every year2. Sickling disorders are found very frequently in the Afro-Caribbean
populations and sporadically throughout the Mediterranean region, India and the Middle East1. These sickling
disorders include the heterozygous state for haemoglobin
S or the sickle cell trait (AS), the homozygous state for
HbS or sickle cell anaemia (SS) and the compound heterozygous state for HbS together with haemoglobin C,
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D, E or other structural variants. Haemoglobin S differs
from haemoglobin A by the substitution of valine for
glutamic acid at position 6 in the β - chain1,2.
The membrane of the human red blood cell
(RBC) contains a variety of blood group antigens. The
most important and best known of these is A and B antigens, which are actually complex oligosaccharides that
differ in their terminal sugar. On RBCs, they are mostly
glycosphingolipids. The antibodies against red cell antigens are called agglutinins and individuals are divided
into four major blood groups A, B, AB and O according
to the presence of these antigens and agglutinins3,4. In
addition, human red cells that contain antigen D are
known as Rhesus positive while those without antigen
D in their RBC’s are Rhesus negative4,5. The clinical relevance of these blood group systems relate to the capacity of alloantibodies (directed against antigens not possessed by the individual) to cause destruction of transfused red cells (ABO antibodies) or to cross the placenta and give rise to haemolytic disease of the newborn
(HDN)5.
The frequencies of these three inherited char177

acters have severally been reported to vary significantly
in various populations and ethnic groups around the
world [6 - 8]. In Nigeria, few recent published data have
been encountered9,10 but none in Port Harcourt, South
– South of Nigeria. This study was therefore designed to
provide the frequencies of haemoglobin genotypes, ABO
and Rh blood groups for reference purposes using students’ population in Port Harcourt.
Materials and methods
Six hundred and twenty (620) apparently
healthy subjects (males-166, females-454) representing about 24.8% of the entire students population, were
selected randomly from a cross-section of college students. The institutional Ethical committee approved the
study. All the participants gave their written informed
consents and willingly presented themselves at the Medical Laboratory for sample collection. Their results were
confidentially given to them. Their ages ranged from 17
– 48 years (x = 24.4 years).
Blood samples were collected by venipuncture
into ethylenediamine tetracetic acid (EDTA) salt and used
for haemoglobin genotype determination and red cell
phenotyping. The method described by Brown [11] was
used for haemoglobin electrophoresis. A small quantity
of haemolysate of venous blood from each of the subjects was placed on the cellulose acetate membrane and
carefully introduced into the electrophoretic tank containing Tris – EDTA – Borate buffer at pH 8.9. The electrophoresis was then allowed to run for 15 – 20 mins at
an electro motive force (emf) of 160 V. The results were
read immediately. Haemolysates from blood samples of
known haemoglobin (i.e. AA, AS, AC) were run as controls.
Red cell phenotyping was carried out with
standard tube techniques as described by Judd12 and
Brecher 13. For ABO blood grouping, a drop of anti-A,
anti-B, and anti-AB (Biotec, Ipswich, UK) each was placed
in clean test tubes labelled 1,2,3.To each tube was added
a drop of 5% red blood cell suspension in saline. The
contents were gently mixed together and centrifuged
for 30 seconds at 1000g. The cell buttons were
resuspended and observed for agglutination. Agglutination of tested red cells constituted positive results. A
smooth cell suspension after resuspension followed by
a microscopic confirmation constituted negative test results.
For Rhesus D typing, a drop of anti-D serum
(Biotec, Ipswich, UK) was placed in a clean labelled test
tube and a drop of control placed in a second tube. 1
drop of 5% RBC suspension in saline was then added
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and incubated at 37oC. At the end of the incubation period, the contents of the tube were mixed gently and
centrifuged for 30 seconds at 1000g. Agglutination was
read macroscopically and microscopically in doubtful
cases. All negative results were confirmed using the indirect antiglobulin test (IAT) procedure (also for confirmation of weak D).
Data were analysed using the computer statistical analytical software. (SAS). Frequency procedure of
SAS was employed for the frequency distribution of
blood groups and haemoglobin genotypes
Results
The overall frequencies of the various haemoglobin genotypes, ABO and Rh blood groups in this study
are shown in table 1. Of the 620 subjects screened,
80.32% were HbAA, 19.68% were HbAS. 22.9% were
of blood group A, 17.10% group B, 4.84% group AB
and 55.16% group O. 96.77% were Rh D positive while
3.23% were Rh D negative. Of the 620 people tested,
166 (26.77%) were males while 454 (73.23%) were
females. The percentage distribution of the age groups
used for this study is shown in Figure 1. Majority of the
participants were of the age group 26 – 30 years (35.7%).
Figure 2 shows the distribution of ABO and Rh blood
groups according to their various age groups used for
the study. All blood groups were represented within the
ages of £ 20 – 30 years. Figure 3 shows the distribution
of haemoglobin genotypes among the students. Majority of he participants with HbAA were found in the 31 –
35 years age group while most participants with HbAS
were found within the 26 – 30 years age group.
Discussion
The prevalence of HbSS among the black population in the United State, was reported to be 9% and 30
– 40% generally for Africans [14, 15]. In another report,
the geographical distribution of sickle cell anaemia (SS)
was given as follows: 3 – 9% for USA black Americans,
1 – 8% for USA whites, 3 – 7% for Europe (UK, Pakistanis – Blacks), 2 – 8% for other European countries
(Mediterranean), 1 – 3% for Caribbeans, 1 – 3% for
Middle East, 1 – 10% for Africa. The frequency of sickle
cell trait (AS) was equally reported as follows: 8 – 16%
for USA blacks, 8 – 10% USA (whites), 6 – 15% for
Europe (UK, Pakistanis - Blacks), 1 – 15% for Europe
(Mediterranean), 3 – 8% for Caribbeans, 7 – 8% for
Middle East, 15 – 30.5% for Africa and 40.5% for West
Africa and Nigeria16.
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Table 1: Frequencies of ABO, Rh and haemoglobin genotypes among 620 health students.
Number tested

Percentage frequency

A
B
AB
O

142
106
30
342

%
22.90
17.10
4.84
55.16

Rh Blood group
D+
D–

600
20

96.77
3.23

Hb Genotypes
AA
AS

498
122

80.32
19.68

ABO Blood group
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120
Male
Female

64.3

72.9

80

80

82.4

100

Overall frequency

78.6

100

60
45.2

20

1

0

5.5

20

3.2

17.9

27.1

22.6

21.4

35.7

40

22.6

Percentage (%)

In this study, the frequency of HbAA was
80.32% while HbAS was found to be 19.68%. HbSS
and other haemoglobin variants did not occur among
the 620 participants in this study thus presenting a wide
variation from previous published reports. However, this
study is in agreement with a study carried out in Kenya,
East Africa, where the prevalence of HbSS was equally
zero. A value of 74% and 97% for HbAA in lowland and
highland areas and 26% and 3% for HbAS in lowland
and highland areas respectively were obtained in that
study17. The zero frequencies observed in these studies
possibly imply that the sickling gene pool is gradually
reducing in our African population. It may not mean a
complete absence because there are other published
reports in Nigeria that carry 3.0% HbSS, 2.0% SC and
0.3% CC in the South – West region of Nigeria9. Another
paper also reported 4% HbSS and 1% AC in parts of
South – South region of Nigeria but not Port Harcourt10.
The low prevalence of HbSS in the study population
could be attributed to increased awareness of the disease, improved socio-economic conditions and other
environmental and genetic factor which have an overall
effect on the sickling gene pool. It is equally possible
that the hardy – Weinberg equilibrium must have been
disturbed which has led to more people acquiring normal haemoglobin gene and sickle cell trait while the
homozygous sickle cell gene is gradually tending to zero.
The observed frequency of HbAA is above the normal
range of 55 – 75% earlier reported for Blacks18. The
frequency of HbAS in this study corresponds to the value,
20 – 30% quoted for Nigeria and 20 – 40% in Africa in
general8,16,18.
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Figure 1: Frequencies of male and female students according to
their age groups

The frequency of ABO blood groups varies from race to
race. Among Western Europeans, 42% have group A,
9% group B, 3% group AB and the remaining 46% group
O. However, some Eastern Europeans have a higher proportion, upto 40% of group B blood while pure native
American Indian belong exclusively to blood group O 3.
American blacks generally have frequencies of A, B, AB
and O blood groups of 27%, 20%, 4% and 49% respec179
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Figure 2: Distribution of ABO and Rh blood groups among
different age groups.
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group and in this group, the blood groups were better
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with HbAA were within 31 – 35 years.There was no test
of significance between groups so it is difficult to state
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90

>40

26-30

Figure 3: Distribution of haemoglobin genotypes among students
in relation to their age groups.

20
0

0
36-40

21-25

Age groups

10

10

11.8
0
31-35

20
11.8

<20 years

2.9

26-30

Age groups

27.1

0

70
35.3

50
21-25

16.4

10

4.

24.3
5.7

2.9

5.7

4.3

15

20

22.1

22.9
20
1.4

<20 years

20

20

3.

52.9

57.1

55.7

Percentages (%)

0

HbAS
HbSS

D-

20

HbAA

30

D+

40

50

40

80

60

66.7

60

AB
O

80

70

2.

100

100

97.1

97.1

95.7

A

77.9

80

80

83.6

90

120

100

88.2

100

Percentages (%)

tively4. In Nigeria, few published works on the frequencies of the ABO blood groups among ethnic groups/
tribes were encountered.The first was that of Worlledge
et al19 who reported the frequencies among Yoruba and
Hausa as follows, 21% for group A, 17% for group B,
2% for group AB and 58% for group O. All previous
reports are in agreement with the frequencies obtained
in this study and goes to confirm that group O appears to
show predominance over the other blood groups. An
exception to this is the Gwari tribe of Abuja and the
Rubuka tribe of Plateau state of Nigeria, where group B
has been reported to show predominance over the other
blood groups in those states21. The high frequency of
group O in this population provides an advantage in terms
of availability of blood for blood transfusion especially
in emergencies. However, some level of caution has to
be exercised since some group O blood is known to
contain potent immune haemolytic antibodies
(haemolysins). Routine haemolysin test on every group
O blood should be encouraged to reduce the risk of
transfusion reaction.
The frequency of Rhesus D antigen in this study
was 96.77%. This is also in agreement with 96.7% recorded for the Ibos by Ukaejiofor20 and similar to 95%
found in Port Harcourt recently22. It is striking in this
study that the 3.23% Rh D negatives were all women.
This percentage of D negative women stands the risk of
developing anti–D which can cause both moderate and
severe form of haemolytic disease of newborn. In this
study, sex,age and disease conditions were not considered critical; rather the results depended on the genetic
constitution of the subjects. However, the distribution
of the blood groups and haemoglobin genotypes among
different age groups were analysed. It was discovered
that majority of the students fell into the 26 – 30 years
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