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Genotypic and Allelic Frequencies of the ABO and Rh-D Blood Groups
among Primary and Secondary School Students of Hirna, West Hararghe

Zone of Oromia

ABSTRACT

This study was aimed at identifying the distribution patterns of ABO and Rh-D blood group
system alleles among Hirna primary and secondary schools in 2015/16 academic year. Six
hundred volunteer students were involved to determine the ABO and Rh-D blood group
phenotypes, and to estimate allelic, and genotypic frequencies of the blood groups. The blood
sample was collected by qualified laboratory technicians using the standard clinical
procedures with sterilized needle from each student. The blood group of every individual was
determined on the basis of agglutination reaction with anti-sera and recorded as blood group
A*, B, AB*, 0" or A", B', AB and O". The study revealed that blood group O is at the highest
frequency (47.83%) followed by blood group A (26.50%), B (20.00%) and the least
percentage frequency was blood group AB (5.67%). The allelic frequency distribution of ABO
revealed that i allele is highly frequent (0.687) followed by 1* (0.176), and 1° (0.137).The Rh-
D distribution also varies among the four ABO blood groups. For Rh-D positive, 0" was the
highest frequent (44.33%) compared with A (24.17%), B" (18.67%), AB*(4.83%) and for Rh-
D negative, O was the highest frequent (3.5%) compared with A" (2.33%), B™ (1.33%), and
AB’ (0.83%) respectively. The total percentage of Rh-D positive was 92% and that of Rh-D
negative was found to be 8% as well as 'D" allele was highly frequent (0.7172) than 'd" allele
(0.2828). The genotypic frequency for ABO blood types shows that ii is the most frequent
(0.4714) followed 11° (0.2415), 151° (0.1888), I1*1® (0.0484), 1*I* (0.0309), and I®I® (0.019)
respectively, for Rh-D I1P1° is most frequent (0.5144) followed I1°1¢ (0.406) and 1919 (0.0800).
Generally, O blood phenotype is the highest frequent and AB blood phenotype is the least
frequent in the study population.

Key words: ABO, Allele, HDN, Hirna, Rhesus factor,
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1. INTRODUCTION

The blood plays more roles than one might expect, it is involved in respiration, nutrition,
waste elimination, thermoregulation, immune defense, water and acid-base balance, and
internal communication. Most adults have 4 to 6 L of blood. Erythrocytes are also known as
red blood cells (RBCs), leukocytes are also known as white blood cells (WBCs) and Platelets.
Erythrocytes have two principal functions. (1) to pick up oxygen from the lungs and deliver it
to tissues elsewhere and (2) to pick up carbon dioxide from other tissues and unload it in the
lungs. An erythrocyte is a disc-shaped cell with a thick rim and a thin sunken center where the
nucleus used to be. It is about 7.5um in diameter and 2.0 um thick at the rim (Saladin, 2003).
The differences in human blood are due to the presence or absence of certain protein
molecules called antigens and antibodies. The antigens are located on the surface of the red
blood cells and the antibodies are in the blood plasma. Individuals have different types and

combinations of these molecules (Daniels, 2002).

The ABO and Rh-D blood group antigens are hereditary characters and are useful in
population genetic studies, researching population migration patterns, as well as resolving
certain medico legal issues, particularly of disputed paternity and more importantly in
compatibility test in blood transfusion practice. Blood group or blood type is based on the
presence or absence of inherited antigenic substance on the surface of red blood cells (RBC)
that can be determined by specific antibodies (Firkin et al., 1989). More than 600 surface
antigens have been finding on red blood cells (Waters, 1995). Several of these antigens that
stem from one allele or very closely linked genes collectively form a blood group system
(Waite, 2009). Development of these antigens are genetically controlled and they appear early
in fetal life and remain unchanged until death (Firkin et al., 1989).

The ABO and Rh-D blood groups are among the most important blood groups (Seeley
et al., 1998). In the ABO blood group system, individuals are divided into four major blood
groups; A, B, AB and O. According to the presence of the antigens; type A blood has type A
antigen, type B blood has type B antigen, type AB blood has both types of antigens, and type



O blood has neither A nor B antigens. In addition, plasma from type A blood contains type B
antibodies, which act against type B antigens, whereas plasma from type B blood contains
type A antibodies, which act against type A antigens. Type AB has neither type of antibody
and type O blood has both A and B antibodies (Seeley et al., 1998). People are Rh positive if
they have a certain Rh-D antigen on the surface of their erythrocytes, and people are Rh

negative if they do not have this Rh-D antigen (Daniels, 2007).

The frequencies of ABO and Rh-D blood groups vary from one population to another and
from time to time in the same region. The knowledge of distribution of ABO and Rh-D blood
groups at local and regional levels is helpful in the effective management of blood banks and
safe blood transfusion services (Patel et al., 2012). The need for blood group prevalence
studies is multipurpose, as besides their importance in evolution, their relation to disease and
environment is being increasingly sought in modern medicine (Platt et al., 1985). Thus, this
shows that the need for estimates of blood group and gene’s frequency studies provides very
valuable information on the genetic similarity of different populations and to some extent on
their ancestral genetic relation, despite the cultural and religious differences of the populations
(Khurshid et al., 1992).

In Nigeria, Sudan, Bangladesh, Saudi Arabia, India, and Pakistan and in other countries in the
world, there are a number of literatures that report the frequency of ABO and Rh blood group
alleles. However, a few studies have been carried out in Ethiopia on the distribution of ABO
and Rh-D blood groups. There are no studies which have been conducted relating distribution
of ABO and Rh blood groups in West Hararghe zone Tullo Wereda, Hirna town. In this study,
an attempt is made to study the distribution of ABO and Rh-D blood group systems among the

students.



Therefore, the General Objective of the Study was-To identify the distribution patterns of
ABO and Rh-D blood group alleles among students of Hirna primary and secondary schools.

The Specific Objectives of the Study were;
1) To determine the distribution of the ABO and Rh-D blood groups phenotypes
among the students.
2) To estimate the allelic frequencies of the ABO and Rh-D blood groups among the
students.
3) To estimate the frequencies of the ABO and Rh-D blood groups genotypes among
the students.
4) The check if the population is at Hardy Weinberg to ABO and Rh-D blood group

systems.



2. LITERATURE REVIEW

2.1 History of ABO and Rh-D Blood Groups

Karl Landsteiner first described the ABO blood group in 1900, and it served the beginning of
blood banking and transfusion medicine (Ali et al., 2005). Even after 116 years, the single
most important test performed in blood banking services is determination of ABO blood
groups to avoid morbidity and mortality (Honig and Bore, 1980). Furthermore, the presence of
Rhesus system was recognized in 1939 and it was confirmed within few years (Landsteiner
and Weiner, 1940).

The ABO blood group system derives its importance from the fact that A and B are strongly
antigenic and anti A and anti B naturally occurring antibodies present in the serum of persons
lacking the corresponding antigen and these antibodies are capable of producing intravascular
haemolysis in case of incompatible transfusion (Harmening and Firestone, 2005).

The Rh-D antigens are also highly immunogenic and at present 49 Rh antigens have been
identified (Dean, 2005). Rh-D antigen is the most significant and Rh-D negative individuals
produce anti-D if they encounter the Rh-D antigen through transfusion or pregnancy and
causes haemolytic transfusion reaction, or haemolytic disease of fetus and newborn. For this
reason, the Rh-D status is routinely determined in blood donors, transfusion recipients, and in
mothers-to-be (Bethesda, 2005).

2.2. Inheritance of Blood Groups

The ABO blood group and the Rhesus factor or Rh-D blood group are two of the most notable
blood groups in humans due to their importance and association with blood transfusion
(Khattak et al., 2008). A single gene (the ABO gene) controls the ABO blood type with three
alleles. i, 1, 1%, Blood group of an individual is determined by two alleles of a gene, which are
inherited from both parents. The 1* allele gives type A, 1® gives type B, and i gives type O. As



both, I* and 1° are dominant over i, individuals with, I*I* or I*i gives type A blood, Individuals
with, 1812 or 1% have type B blood, only ii people have type O blood. Individuals with I*1®
have both antigens, because A and B express a special dominance relationship called co-
dominance, which means the type A and B parents can have an AB child. A type A and a type
B couple can also have a type O child if they are both heterozygous (I, 1%i). The cis-AB
phenotype has a single enzyme that creates both A and B antigens. The resulting red blood
cells do not usually express A or B antigen at the same level that would be expected on
common group A or B red blood cells, which can help solve the problem of an apparently

genetically impossible blood group (Yazer, 2006).

The Rh-D antigen was name after the rhesus monkey, Macaca mulatta (Zimmerman) where it
was initially detect. The inheritance of these antigens is complex, and there are two theoretical
models attempt to explain the pattern of inheritance. The Wiener system postulates a single
gene locus with a series of at least ten multiple alleles. The Fisher system assumes the
existence of at least three closely linked loci designated as C, D, and E. Both are currently in
use and are still being studying. However, only the presence of the D antigen in the Fisher
system serves as the basis for classification of the Rh blood group; this way, the mode of
inheritance is simply single gene inheritance with accompanying dominance (Dennis et al.,
1998).

2.3. ABO Blood Group System

Although the ABO blood group name consists of three letters, ABO blood typing designates
the presence or absence of just two antigens, A and B. Both are glycoproteins. The ABO locus
is located on chromosome 9 specifically in the segment 9934.1-q34.2 (Narahara et al. 1986)
contains 7 exons that span more than 18 kb of genomic DNA. Exon 7 is the largest and
contains most of the coding sequence. The ABO locus has three main allelic forms: I, 1 i.
The I* allele encodes a glycosyltransferase that bonds o-N-acetylgalactosamine to the D-

galactose end of the H antigen, producing the A antigen. The I® allele encodes a



glycosyltransferase that bonds a-D-galactose to the D-galactose end of the H antigen, creating
the B antigen (Bhasin et al., 1992) (Appendix vii).

People whose erythrocytes have A antigens on their erythrocyte membrane surfaces are
designated blood type A, and those whose erythrocytes have B antigens are blood type B.
People can also have both A and B antigens on their erythrocytes, in which case they are blood
type AB. people with neither A nor B antigens are designated blood type O. Normally the
body must be exposing to a foreign antigen before an antibody can produced. This is not the
case for the ABO blood group. Individuals with type A blood without any prior exposure to
incompatible blood have preformed antibodies to the B antigen circulating in their blood
plasma. These antibodies, referred to as anti-B antibodies, will cause agglutination and
haemolysis if they ever encounter erythrocytes with B antigens. Similarly, an individual with
type B blood has pre-formed anti-A antibodies. Individuals with type AB blood, which has
both antigens, do not have preformed antibodies to either of these. People with type O blood
lack antigen A and antigen B on their erythrocytes, but both anti-A and anti-B antibodies
circulate in their blood plasma (American RC 'US', 2013).

Table 1: Summary of human blood groups phenotype and genotype with its surface antigen

and serum antibodies.

Phenotype Genotype Antigen (RBC) Antibodies
(Serum)
A A4 A Anti-B
I1° A Anti-B
B 188 B Anti-A
1B1° B Anti-A
AB 118 Aand B None

e 1°1° None Anti-A and B




2.4. Rh-D Blood Group System

The term Rh refers not only to a specific red blood cell antigen but also to a complex blood
group system that currently composed of 58 different antigenic specificities (Chou and
Westhoff, 2011). The Rh locus is located on the long arm of chromosome 1 (on 1p36-p34). It
contains the Rh-D genes. Rh-D contains 10 exons and spans a ~75-kb DNA sequence. The
Rh-D gene is flanked by two 9-kb, highly homologous sequences called "Rhesus boxes"
(Wagner et al., 2005). An individual either has, or does not have, the "Rhesus factor" on the
surface of their red blood cells. This term strictly refers only to the most immunogenic D
antigen of the Rh blood group system. The status is usually indicated by Rh positive (Rh+
does have the D antigen) or Rh negative (Rh- does not have the D antigen) suffix to the ABO
blood type. However, other antigens of this blood group system are also clinically relevant. In
contrast to the ABO blood group, immunization against Rh can generally only occur through

blood transfusion or placental exposure during pregnancy in women (Daniels, 2007).

2.5 Distribution of ABO and Rh-D Blood Groups

In Ethiopian Sodo, Silte and Meskan ethnic groups, the blood group “O” was predominant
with 36.73%, 40.14%, and 46.26% respectively. In all the Rh positive subjects whereas blood
group “A” was predominant (5.4%) in the Rh negative subjects only in the Sodo ethnic group
among the three ethnic groups. The percentage of Rh-D positive and negative subjects was
91.16%, 93.19%, 91.84% and 8.84%, 6.81%, 8.16% in Sodo, Silte and Meskan ethnic groups,
respectively. The frequency of ABO blood groups in both Rh-D positive and negative subjects
among the three ethnic groups of the Silte Zone, Ethiopia was O > A > B > AB, except in the
Sodo ethnic group where the blood group A was the commonest among Rh-D negative
subjects (Kassahun et al., 2014).

In Nigeria, the blood group identified were 21.4% blood group B, 21.6% blood group A,
54.2% blood group O and 2.8% blood group AB of the total blood samples. Overall gene
frequencies for the O, A and B genes were 0.7398, 0.1305, and 0.1298 respectively. For the


http://www.sciencedirect.com/science/article/pii/S1110863014000962

Rh-D gene, 95.2% were Rh-positive while 4.8% were Rh-negative (Muwangi et al., 1999).
Similarly the phenotypic distribution of ABO blood groups in Kuwaiti population was 26.7%
with A, 24.1% with B, 4.6% with AB, and 44.6% with O and the calculated gene frequencies
were 0.6678 for O, 0.1768 for A, and 0.1554 for B (Al-Bustan et al., 2002). Blood group B
has highest frequency in Northern India and neighboring Central India and neighboring
Central Asia, and its incidence diminutions both toward the west and toward the east, falling
to single digit percentage in Spain. It is believed to have been entirely absent from Native
American and Australian Aboriginal population prior to the arrival of European in those area
(Encyclopedia Britannica, 2002). Blood group A is associated with high frequencies in
Europe, especially in Scandinavia and Central Europe, although its highest frequencies occur
in some Australian Aborigine population and Blackfoot Indians of Montana (Dean, 2005 )
(Table 2).



Table 2: Comparison of frequency and percentage of ABO and Rhesus blood group in
different countries of the world

Population Reference A B AB 0] Rh+ Rh’
USA Frances (2002) 410 9.0 4.0 46.0 85.0 15.0
Britain Behra and Joshi (2013) 420 8.0 3.0 470 83.0 17.0
Australia ARC (2013) 38 10 03 49 NA NA
Saudi Arabia Bashwari et al. (2001) 240 17.0 4.0 52.0 93.0 7.0
Pakistan Rahman and Lodhi 22.40 3240 8.40 30.50 93.0 7.0
(2004)
Kuwaiti Al-Bustan et al. (2002) 26.7 241 48 446 NA NA
Punjab Sidhu (2003) 2191 3756 930 3121 9730 270
Khatmandu, Pramanik et al. (2000) 26.2 22 4.4 475 80.3 19.7
Nepal
Nepal Pramanik et al. (2000) 340 290 4.0 3250 96.70 3.30
Eastern Wadhwa et al. (1998) 23.3 355 88 325 94.2 5.8
Ahmedabad
Western Patel et al. (2012) 2194 3940 7.86 30.79 9505 495
Ahmedabad
Surat(14) Mehta and Swadas 24.10 34.89 8.69 3232 9418 5.82
(2012)
New Guinea Loua et al. (2007) 2250 23.70 4.70 4890 9590 4.10
Nigeria Mwangni (1999) 2160 2140 2.80 5420 9520 4.80
Nairobi, Kenya Lyco et al. (1992) 200 322 6.1 41.7 928 7.2
In South Ethiopia
Sodo Kasahun et al. (2014) 31.97 2585 544 36.74 91.156 8.843
Silte Kasahun et al. (2014) 28,57 23.13 544 4286 93.197 6.8
Meskan Kasahun et al. (2014) 23.81 21.09 544 49.66 91.84 8.16

NB: “NA” Stands for not available.
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2.6. Clinical Significance of the ABO and Rh-D Blood Group System

2.6.1. Blood Transfusion

Transfusion medicine is a specialized branch of hmatology that is concerned with the study of
blood groups, along with the work of a blood bank to provide a transfusion service for blood
and other blood products. Across the world, a medical doctor must prescribe blood products in
a similar way as medicine. Much of the routine work of a blood bank involve testing blood
from both donors and recipients to ensure that every individual recipient is given blood that is
compatible and is as safe as possible. If a unit of incompatible blood is transfuse between a
donor and recipient, a severe acute hemolytic reaction with RBC destruction, renal failure, and
shock is likely to occur, and death is a possibility. Antibodies can be highly active and can
attack RBCs and bind components of the complement system to cause massive haemolysis of
the transfused blood. Patients should ideally receive their own blood or type specific blood
products to minimize the chance of a transfusion reaction. Risks can be further reducing by
cross matching blood. However, this may skipped when blood is required for an emergency
(Bruce, 2002).

2.6.2. Hemolytic Disease of the New Born (HDN)

The Rh-D antigens are highly immunogenic, and most of the Rh antibodies should be consider
as potential causes of hemolytic transfusion reactions and HDN. Whereas most blood types
are, determine by red blood cell antigens that differ by one or two amino acids of its enzymes,
the Rh blood group contains the D antigens that differs from the C/c and E/e antigens by 35
amino acids its enzymes. This large difference in amino acids is the reason why the Rh-D

antigens are potent at stimulating an immune response (Westhoff, 2004).

The most notable medical importance of this blood group system is the occurrence of Rh-D
incompatibility between mother and fetus, which is a major factor in the development of

erythroblastosis fetalis or haemolytic disease of the newborn (Dennis, et al., 1998). Rh-D
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incompatibility can pose a major problem in some pregnancies when the mother is Rh-D
negative and the foetus is Rh-D positive (Avent, 1999). If foetal blood leaks through the
placenta and mixes with the mother’s blood, the mother becomes sensitize to the Rh-D
antigen. The mother produces Rh antibodies that cross the placenta and cause agglutination
and haemolysis of foetal erythrocytes. This disorder is called Hemolytic disease of the
newborn (HDN), or erythroblastosis foetalis, and it may be fatal to the foetus (Dennis et al.,
1998).

On the other hand ABO blood group incompatibilities between the mother and the child does
not usually cause hemolytic disease of the new born (HDN) because antibodies to the ABO

blood groups are usually of the IgM type, which do not cross the placenta.(Yazer,2006).

2.6.3. Universal Donors and Universal Recipients

With regard to transfusion of packed red blood cells, individuals with type O Rh-D negative
blood are often called universal donors, and those with type AB Rh-D Positive blood are
called universal recipients; however, these terms are only generally true with respect to
possible reaction of the recipient's anti-A and anti-B antibodies to transfused red blood cells.
Blood donors with particularly strong anti-A, anti-B or any atypical blood group antibody are
excluded from blood donation. The possible reaction of anti-A and anti-B antibodies present in
the transfused blood to the recipients RBCs need not be consider, because a relatively small

volume of plasma containing antibodies is transfused (Fauci, 1998).

Blood group AB individuals have both A and B antigens on the surface of their RBCs, and
their blood plasma do not contain any antibodies against either A or B antigen. Therefore, an
individual with type AB blood can receive blood from any group but cannot donate blood to
either A, O or B group. They are known as universal recipients. Blood group A individuals
have the A antigen on the surface of their RBCs, and blood serum containing IgM antibodies
against the B antigen. Therefore, a group A individual can receive blood only from individuals
of group A or O, and can donate blood to individuals with type A or AB. Blood group B

individuals have the B antigen on the surface of their RBCs, and blood serum containing IgM



12

antibodies against the A antigen. On the contrary, blood group B can receive blood only from
individuals of groups B or O, and can donate blood to individuals with type B or AB. Blood
group O individuals do not have either A or B antigens on the surface of their RBCs but their
blood serum contains IgM anti-A and anti-B antibodies against the A and B blood group
antigens. On the other hand, a group O individual can receive blood only from a group O
individual, but can donate blood to individual of any ABO blood group (Appendix iv). If a
patient in a hospital situation is in need of a blood transfusion in an emergency, and if the time
taken to process the recipient's blood would cause a detrimental delay, O negative blood can

be issue, they are universal donors (Hillier, 2008).

2.6.4. Blood Group Genotyping

In addition to the current practice of serologic testing of blood types, the progress in molecular
diagnostics allows the increasing use of blood group genotyping. In contrast to serologic tests
reporting a direct blood type phenotype, genotyping allows the prediction of a phenotype
based on the knowledge of the molecular basis of the currently known antigens. This allows a
more detailed determination of the blood type and therefore a better match for transfusion,
which can be crucial in particularly for patients that needed many transfusions to prevent

alloimmunization (Anstee, 2009).

2.6.5. Blood Products

A blood product is any component of the blood, which is collect from a donor for use in a
blood transfusion. Whole blood is un commonly used in transfusion medicine at present; blood
products may also called blood- based product to differ from blood substitute, which generally
refer to artificially produced products. Whole blood may be classifies as a blood product or as
a separate entity. Also, although many blood products have the effect of volume expansion,
the group is usually distinguished from volume expanders, which generally refer to artificially

produced substance and within the scope of blood substitutes (Henrik Bendixen., et al., 2012).
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2.7. The Hardy-Weinberg Genetic Equilibrium

The Hardy-Weinberg model describes a mathematical relationship that allows the prediction
of the frequency of offspring genotypes based on parental allele frequencies. It also predicts
that allele frequencies will not change from one generation to the next, indicative of non-
evolution (Klug and Cummings, 2002; Mayo, 2008). For a population, to be in Hardy-
Weinberg equilibrium, the following assumptions are required to hold: random mating, no
mutation, no migration, no stochastic effects or genetic drift due to small population size, and
equal fertility for all genotype groups so that no selection is occurring (Minnelli, et al., 2008).
Violation of any of these assumptions can result in evolutionary change in terms of allelic
frequency distribution (Mayo, 2008). These conditions, however, seldom occur
simultaneously, resulting to most populations not exhibiting Hardy-Weinberg equilibrium and

are therefore evolving.
2.7.1 Extension of the Hardy- Weinberg Law to Loci with more than Two Alleles

When a single locus with two alleles, the Hardy Weinberg law tells us that at equilibrium the
frequencies of the genotype is p® + 2pg + g%, which is the square of allelic frequencies (p + q)>.
This is the simple binomial expansion, and this principle of probability theory can be extend to
any number of alleles that are sampled two at a time into a diploid zygote (Daniel et al., 2007).
The frequencies of the genotype at equilibrium were compute by the square of the allelic
frequencies. (p + q + )% = p? (IM1%) + 2pr (1%) +g? (1B1®) +2qr (1%) + 2pg (1M1B) + 12 (ii), p, q
and r were allelic frequency; I*1%, 14, 1B15, 15i, 1*1®
respectively (Griffith, et al., 2008).

, il were genotype of ABO blood groups
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Table 3: Punnet square showing Hardy-Weinberg frequencies for three autosomal alleles of

ABO blood group.

Male gamete
Female gamete  1%(p) 1%(q) 1°(r)

IA(p) IA IA IAIB IA IO

p’ pq’ pr
IB(q) L L IB1°

pq o qr
1°(r) 121° B0 1°1°

pr qr 2

NB: p,q,r = frequency of allele 1*, 1 and 1°, respectively

5.8. Ethical Considerations

Research Ethical Review Committee of the Tullo Wereda Health Bureau approved the study.
Participants were voluntarily participating after they become informs about the objective of

the study. There was no risk associated with the process of blood collection.



15

3. MATERIALS AND METHODS

3.1. Description of the Study Area

The study was carried out at Hirna primary and secondary schools. Hirna is located in West
Hararghe Zone, Oromia Region. It is about 43 Km from Chiro, West Hararghe zonal town and
369 Km from Finfinne (Addis Ababa) the capital city of Oromia and the Federal Democratic
Republic of Ethiopia. Hirna town lies between 9° 13' N and 41° 06' E latitude and 9° 21' N and
41° 10' E longitude. The altitude of the town is 1723m-2318m and has 16°C-18°C average
temperature with 250mm-900mm annual rainfall. Its population was 11,650 according to 2007
census (CSA, 2007) and the calculated growth based on the country growth rate indicates as, it
might have reached 14,937 in 2016. The population consists of different ethnic groups but
among these the Oromo is the largest and the most dominant one. Hirna town has three
primary schools and one secondary school. For this study, Ethiopia Tikdem Primary School,
which had 510 students (grade 5-8), and Hirna Secondary School which had 1558 students (9-
10) during the 2015/2016 academic year were selected.
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3.2. Study Sample and Sampling

For this study, 600 voluntary students were purposively selected from the two schools. From
Ethiopia Tikdem School (Hirna) 95 students (72 male and 23 female) were selected. The
largest portion (n=505) was taken from Hirna Secondary School; 324 of them were males and
the remaining 181 were female students. All the subjects included in the study were 15 - 25

age groups. The research was conducted from January 2016 - August 2016.

3.3 Blood Sample Collection and Typing

The blood samples were collect from each student who was willing to participate in the
research process. Traditional slide method (antigen - antibody compatibility test) was used to
determine blood group of the participants which was also used in other published studies
(Rahman, 1975) and the advantage of this method includes easy screening of blood groups in
large number of samples within short period of time (Waters, 1995). Before taking the blood
samples, students were made aware and signed the agreement form voluntarily (Appendix 1).
Qualified laboratory technician took the blood samples. The blood samples were taken from
each volunteer student by left hand finger pricks with sterile lancet and placed on three clean
slides and a drop of one of the anti-sera, that is anti-A, anti-B, and anti-D, were added to
individual's blood samples and mixed using single clean stick rod for each. The result was
record correspondingly with respect to the donor code according to the blood sample
agglutinated by anti-sera, as blood group A", B*, AB*, 0" or A", B', AB and O". This means if
the blood is agglutinated with both anti-A and anti-D but not agglutinate with anti-B it is
recorded as A" and if only agglutinated with anti-A but not agglutinate with anti-B and anti-D
it is recorded as A". If it is agglutinated with both anti-B and anti-D but not agglutinate with
anti-A it is recorded as B* and if only agglutinated with anti-B but not agglutinate with anti-A
and anti-D it is recorded as B". If agglutinated with all it is recorded as AB™ and if it is not
agglutinate with anti-D but not with the others it is recorded as AB'. If as blood not agglutinate
with anti-A and anti-B but agglutinated with anti-D it is recorded as O" and recorded as O if
not agglutinate with all anti sera.
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Table 4: Summary of determine Blood type using Anti-sera on the blood sample

No. Anti-A Anti-B Anti-D Blood type
1 v X J A’

2 J X X A

3 X v v B

4 X s X B

5 v v v AB'

6 J S X AB

7 X X 7 o}

8 S 7 X o)

NB: +'- Agglutinates, X- not agglutinates.

3.4 Method of Data Analysis

For the present study, the frequencies of the blood group phenotypes were calculate as
percentage. The frequency of Three alleles (I*, I®, i) are computed from phenotypic data with
frequencies equal to p(A), q(B) and r(O) by using Hardy Weinberg law as:

p=1-VB+O

g=1-VA+O

=vJO

D=1-d

d=Vdd
The obtained value for p, q and r was correct by using correction factor d.
d=1-(p+q+r)/2

p=p(l+d)

q =q(1+d)

r'=1-(p'+q)
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p,q’, 1, D, d were represent allele frequency and A, B, O, and d were phenotype frequencies
(Al-Rubeai, 1975).

The frequency of the ABO and Rh-D blood group genotypes were calculated from estimated
allelic frequency using the extension of Hardy Weinberg principle as employed by (Griffith et
al., 2008).

The frequency of ABO blood group genotypes: p'2+2p'r' +q'2+2q'r' +2p'q +r'2=1, were
p'2= 11" for Homozygous A
2p't' = I*1° for Heterozygous A
q'2 = 1%1® for Homozygous B

- B|°

2q'r’ for Heterozygous B

2p'q'= 1"1® for Heterozygous AB
r'2 = 1°1° for Homozygous O
The frequency of Rh-D blood group phenotypes: D2 + 2Dd + d2 = 1, were
D2 = DD for Homozygous +Ve
2Dd for Heterozygous +Ve
d2 =dd for Homozygous -Ve
In addition, a chi square test was use to test for the goodness of fit of Observed and Expected

phenotype categories. Furthermore, the obtained results were displayed using tables.

_ X (Observed — Expected)2

2
X Expected

Number of Expected phenotype was,

p2*n+2pr *n------- for A
q? *n+2q'r*n ------- for B
2p'q"*n - for AB
rz*n 0 e for O

NB: “n” Represent total sample population.
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4. RESULTS AND DISCUSSION

The ABO blood group and the Rhesus factor or Rh-D blood group are two of the most known
groups in humans due to their importance and association with blood transfusion (Khattak et
al., 2008). This observational study was carried out to determine the phenotype, allele, and
genotype frequency distribution patterns of ABO and Rh-D blood groups among a total of 600
(396 male, 204 female) students of Hirna Primary and Secondary Schools. The classification
of blood groups into type A, B, AB and O in ABO system; Rh-positive and Rh-negative in
Rh-D system is based on the presence or absence of inherited antigenic substances on the
surface of the red blood cells. The presence of a blood group antigen or phenotype is
determine by testing RBCs from a study population with a specific antibody and calculating
the percentage of positive and negative reactions. Its allelic frequency was estimate from
calculated phenotypes and the genotypes were estimate from allelic frequency by using the

low of Hardy-Weinberg equilibrium as described in section 3.4 of this thesis.

4.1. The Distribution of Blood Group Phenotypes

4.1.1. The Distribution of the ABO and Rh-D Blood Group Phenotypes

The percentage distribution of the ABO blood groups phenotypes for the sample population in
this study is shown in Table 5. The results reveal that among male blood group percentage
distribution, blood group O was predominant (48.74%), followed by group A (24.75%), group
B (20.45%), and group AB (6.06%). Among female also O was predominant (46.08), followed
by group A (29.90%), group B (6.50%), and group AB (4.90%). In general, blood group O
was predominant (47.83%), followed by group A (26.50%), group B (20.00%), and group AB
(5.67%).

The distribution of ABO blood group varies regionally, ethnically and from one population to
another (Patel et al., 2012). This finding is in agreement with other previous studies of

different parts of the world such as in Southern Ethiopia Sodo, Silte and Meskan ethnic groups
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(Kassahun et al., 2015); in Nigeria (Mwangni, 1999); in Kuwaiti (Al-Bustan et al., 2002); in
Lagos, Nigeria (Adeyemo, 2006). in Ogbomoso, Oyo State, Nigeria (Bakare et al., 2006);
in the United States (Frances, 2002); among African American, among Western Europeans
(Pramanik and Pramanik, 2000); South East and Western part of Bangladesh (Majumder and
Roy, 1982); in Northern district of Dinajpur (Pathan et al., 2008) (Table 2) in which, blood
group O has been found to be the most common blood group followed by blood groups A, B,
and AB in the order of O > A > B > AB.

Thus, the segregation of the genes responsible for the ABO blood group system has always
taken a particular pattern for its distribution. Even though, the distribution pattern of the ABO
blood group of this study were in order of O > A > B > AB, however, female blood group A
(29.90%) was greater than male blood group A (20.45%). With regard to blood group O,
males were greater than that of the females (i.e. male 48.74% and female 46.08%
respectively). Also from other previous studies, such as, in Nepal blood group A is the most
common and followed by blood groups O, B, and AB (Pramanik and Pramanik, 2000). As
well as in Eastern Ahmedabad (Wadhwa et al., 1998); in Western Ahmedabad (Patel et al.,
2012) and Surat (Mehta and Swadas, 2012) blood group B is the most common followed
blood group O, A, and B (Table 2). This difference might be the result of genetic and
environmental condition. In addition, it can be seen from this study that blood group AB has
the least percentage, which is most of the time very rare and similarly to the results obtained

from other previous studies.

The percentage distribution of Rh-D blood group phenotype for the sample in this study is
shown in Table 5. The results revealed that Rh-D* were more frequent in both male (92.68%)
and female (90.69%) than Rh-D" of male (7.32%) and female (9.31%). The total Rh-D positive
were more frequent than Rh-D negative with a frequency of 92.0% and 8.0% respectively. Of

the total 48 Rh negative samples, (9.31%) were females.


http://www.sciencedirect.com/science/article/pii/S1110863014000962
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Table 5: The distribution of the ABO and Rh-D blood group phenotypes among student in the

present study

Sex ABO blood group Rh-D blood group

A B AB @) Rh-D* Rh-D

M(396)  98(24.75)  81(20.45) 24(6.06) 193(48.74)  367(92.68) 29(7.32)
F(204) 61(29.90)  39(19.12) 10(4.90)  94(46.08)  185(90.69) 19(9.31)

Total(600) 159(26.50) 120(20.00) 34(5.67)  287(47.83) 552(92.00) 48(8.00)

NB: The numbers in the body of this table represent the count of each of the categories and
those in parenthesis represent the frequency in percentage of each cell by using row total for

each category.

This study showed that the distribution of Rh-D +Ve (92.00%) was very high than Rh-D
(8.00%) among the students. The percentage of male students (92.68%) Rh-D* was a little bit
greater than female (90.69%). On the other hand, Rh-D" in female was a little bit more
frequent than male with (9.31%) and (7.32%) respectively. As it has been stated in the
previous section of this study, it has been found that the prevalence of Rh-D positive remains
very high compared to the Rh-D negative blood throughout the world. This study also
followed the global trend with much higher Rh-D positive than Rh-D negative. The
distribution pattern among ethnic groups in Southern part of Ethiopia Sodo, Silte and Meskan
(Kassahun et al., 2014); in Lagos, Nigeria (Adeyemo, 2006); in Nairobi, Kenya (Lyco et al.,
1992) (Table 2) are almost comparable to this study. The distribution pattern in Nigeria
(Mwangi, 1999); New Guinea (Loua et al.,); in Eastern Ahmedabad (Wadhwa et al., 1998); in
Western Ahmedabad (Patel et al., 2012) and Surat (Mehta and Swadas, 2012) (Table 2) with
small percentage Rh-D negative is also comparable to the present study. On the other hand,
when compared to this study, higher frequency of Rh negative blood, Khatmandu, Nepal
(Pramanik et al., 2000) 19.7%; in USA (Garratty et al., 2004) 15%; in Britain (Behra and
Joshi, 2013) 17% and in Iran (Pour et al., 2001) 10.08% was observed.


http://www.sciencedirect.com/science/article/pii/S1110863014000962
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4.1.2. CO-Distribution of ABO and Rh-D Blood Group Phenotypes

The percentage distribution of ABO Blood group with Rh-D phenotype for the study
population is shown in Table 6. Among the total students, with Rh-D +Ve blood, O" is the
highest (44.33%) followed by A*, B*, AB" with 24.17%, 18.67%, 4.83% respectively and
with Rh negative, O is the highest (3.5%) followed by A", B, AB’", with 2.33%, 1.33%, 0.83%
respectively. Within the male percentage distribution of Rh-D*, O" is highest (45.71%)
followed by A", B*, AB* with 22.47%, 19.19%, 5.30% respectively and for Rh-D", O is the
highest (3.23%), followed by A’, B', AB", with 2.27%, 1.26%, 0.76% respectively. Like male
students, in the female students also O™ is the highest (41.67%) followed by A*, B*, AB", with
27.45%, 17.65%, 3.92% respectively and for Rh-D, O is the highest (4.41%) followed by A’,
B", AB" with 2.45%, 1.47%, 0.96% respectively. In all categories of the distribution patterns of
blood group phenotypes for Rh-D* and Rh-D-, it was observed that O > A > B > AB.
However, the percentage of O*, B"and AB™ of male students are slightly greater than that their
female counter parts. On the other hand, A" in female is found to be greater than the male
students. In all Rh-D" blood group phenotypes presented in Table 6, it was observed that

female students are more frequent than male students are.



24

Table 6: Co-distribution of ABO and Rh-D blood group phenotypes among students in the

present study

Sex A" A B* B AB” AB’ o* O

M 89 9 76 5 21 3 181 12
(n=396) (22.47) (2.27) (19.19) (1.26) (5.30) (0.76)  (45.71)  (3.03)
F 56 5 36 3 8 2 85 9
(n=204) (27.45) (2.45) (17.65)  (1.47) (3.92) (0.98) (4167) (4.41)
Total 145 14 112 8 29 5 266 21

(600)  (24.17) (2.33) (1867) (1.33) (483  (0.83) (44.33) (3.5

NB: The numbers in the body of this table represent the count of each of the categories and
those in parenthesis represent the frequency in percentage of each cell by using row total for

each category.

The Rh-D distribution varies among the four ABO blood groups. In this study blood type O is
the most frequent blood types than A, B, AB blood types in order of O > A > B > AB in both
Rh-D negative and Rh-D positive. This study is in agreement with the study done in Silte
Zone, Ethiopia in Sodo, Silte and Meskan ethnic groups except that in the Sodo ethnic group
the blood group A was the most common among the Rh-D negative subjects (Kassahun et al.,
2014).

4.2. Allelic Frequencies of the ABO and Rh-D Blood Groups among the
Students

Allelic frequencies of the ABO and Rh-D blood groups of the study population are shown in
Table 7. The study revealed that, the allelic frequency for ABO blood is highest for i (0.6866)
followed I1* (0.1759), I® (0.1375) and for Rh is higher in D (0.7172) and followed d (0.2828).


http://www.sciencedirect.com/science/article/pii/S1110863014000962
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The allelic frequency in this study population was calculated from observed phenotype
frequency by using Hardy Weinberg's low (Al-Rubeai, 1975). The allele frequencies in this
study shows a high frequency of the allele i over I* and 1% for ABO, D allele over d for Rh-D
respectively in the order of (i > I*> I® and D > d). This allelic frequency distribution is in
agreement with other previous study done in Silte Zone, Ethiopia Sodo, Silte and Meskan
(Kassahun et al., 2014), and Nigeria (Omotade et al., 1999).

4.3. Genotypes Frequencies of the ABO and Rh-D Blood Groups among
Students

Genotypes frequencies of the ABO and Rh-D blood group of the study population is that
illustrated in Table 7 reveals that, for ABO blood types; ii genotypes is the highest (0.4714)
followed by genotypes 1i (0.2415), 1% (0.1894), I*1® (0.0484), I1*1* (0.0309), I°1® (0.0189),
and for Rh-D; Rh-D positive homozygous DD is more frequent (0.5144), followed Rh-D
positive heterozygous Dd with (0.4056). Rh-D negative homozygous dd was the least with a
frequency of 0.08.

The genotypes frequency of individuals for the study population was calculate from estimated
allele's frequency by using Hardy Weinberg law, which was stated by Griffith, et al., (2008).

The genotype frequency occurred in the order of (i > I%i > 1% > 1*1®> 1*1* > 1B1B),


http://www.sciencedirect.com/science/article/pii/S1110863014000962
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Table 7: Allelic and Genotypes frequencies of the ABO and Rh-D blood group among
students of Hirna primary and secondary schools

Allele Allelic frequency  Genotype Genotype frequency
14 0.1759 A2 0.0309
1 0.2415
18 0.1375 1°1® 0.0189
15 0.1888
1*1® 0.0484
i 0.6866 ii 0.4714
D 0.7172 DD 0.5144
Dd 0.4056
d 0.2828 dd 0.0800

4.4. Chi Square Test for ABO and Rh-D Phenotypes

The chi square test for ABO phenotypes of the study population shown that the calculated x>
for ABO = 1.2035 (Table 8) and for Rh-D = 0 (Table 9).

Chi Square test for ABO phenotypes calculated to see whether the study population is at
Hardy-Weinberg Equilibrium. Critical values for the chi-square are determined from a
statistical table based on the significance level at which the test is being performed (Appendix
if). The calculated y? for ABO is 1.2035 and the critical value at df = 3 is 7.82. The calculated
chi-square value for ABO 1.2035 is to smaller than the critical value 7.89. The test of
goodness of fit for ABO phenotypes at df = 3, P > 0.05 is insignificant. The calculated %? for
Rh-D = 0, no difference between the observed and expected value for Rh-D blood phenotypes.
The distribution and proportion of individuals' ABO and Rh-D phenotypes did not differ from

expected under Hardy - Weinberg equilibrium for Hirna students.
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Table 8: Chi-square test for the goodness of fit of observed and Expected phenotype

categories

Blood Observed Expected (Obs,-Expe.) (Obs.— Expe.)*> (Obs.— Expe.)?

groups number  number Expected
A 159 163.5 -4.5 20.25 0.1239
B 120 124.62 -4.62 21.3444 0.1713
AB 34 29.02 4.96 24.6016 0.8471
O 287 282.84 4.16 17.3056 0.0612
> = 12035

* P is significant at> 0.05

s (Observed — Expected)?
X =

= 1.2035
Expected

Table 9. Expected and observed number of study population for Rh-D blood phenotypes

Blood Observed Expected (Obs.-Expe.) (Obs.—Expe.)2 (Obs.— Expe.)2

groups number number Expected
Rh+Ve 552 552 0 0 0
Rh-Ve 48 48 0 0 0

Observed — Expected)?
2=% ( p ) _ )

Expected
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5. SUMMARY, CONCLUSIONS AND RECOMANDATION

5.1. Summary

The main purpose of this study was to determine phenotype distribution, to estimate allele and
genotype frequency of ABO and Rh-D blood group among students. The study was conducted
in West Hararghe Zone Tullo Woreda’s of two schools namely Hirna primary and secondary
schools. Six hundred volunteer students were selected purposively from Hirna primary and
secondary schools for the study, which took place from January 2016 to August 2016. The
blood samples were taken by qualified laboratory technician from each volunteer student’s
left hand finger pricks by sterile lancet and placed on three clean slides and a drop of one of
the anti-sera, that is anti-A, anti-B, and anti-D, were added to individual's blood samples and
mixed using clean glass rod. The result was recorded according to the blood sample
agglutinated by anti-sera, as blood group A", B*, AB*, 0" or A", B, AB and O

The frequencies of the blood group phenotypes were calculated as percentage. The frequency
of three alleles (1*, 1%, i) with frequencies equal to p(A), q(B) and r(O) for ABO blood types
and two alleles (D, d) with frequencies equal to D (Rh +Ve) and d (Rh -Ve) for Rh-D blood
types were computed from phenotypic data. The frequency of the ABO and Rh-D blood group
genotypes were calculated from allelic frequency by using the extension of Hardy Weinberg
principle. Beside, Chi square test was carried out to check whether the observed values for
ABO and Rh-D blood groups phenotypes obey the Hardy Weinberg equilibrium principle or

not. Finally, the obtained results were presented by using tables.

5.2. Conclusions

The results of this study showed higher frequency of blood group O followed by blood group
A, B and the least frequent was AB. On the other hand allele i is highly frequent than allele I*

and allele I in order of (i > I* > I®). Rh* blood group was also highly frequent among the
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students’ than Rh’. The ABO and Rh-D factor data from this study follows the same pattern
found in most populations of the world surveyed.

Study on the distribution of ABO and Rh-D blood groups within the population are important
in terms of blood transfusion for effective management of blood bank inventory; in population
genetics to infer population migration patterns in prehistoric time; and in forensics for
Medico-legal issues, for paternity tests, and to avoid haemolytic diseases of the newborn baby
(HDN).

This study of blood grouping not only generates a simple database for collection of blood and
blood products which will be important for establishment of blood bank but also creates a
great social awareness about self-blood grouping, safe blood transfusion and how to avoid

Hemolytic disease of the new born (HDN) among the population of a country.

The study has a significant implication regarding the management of blood bank and
transfusion services in this area. Knowledge of blood group distribution is also important for
clinical studies, for reliable geographical information and for forensic studies in the
population. Besides, this study will help a lot in reducing the maternal mortality rate, as access
to safe and sufficient supply of blood will help significantly in reducing the preventable
deaths.

5.3 Recommendations

»  The data generated would be helpful as a base, for researchers who are interested to
conduct studies on the association between blood groups and Varity of diseases in
Hirna population.

> It also gives hints for blood banks to have the more needed blood types for the area.

»  This study limited on the schools. Therefore, it is advisable for further study out of
the schools to get precise data regarding the distribution on these blood groups.
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i.  Agreement Form
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Volunteer students sign in front of their name on this agreement form for their willingness to

donate blood only for the research purpose.

Full name

Sex

Age

Sign




Probability Values for Chi-Square Analysis

38

Probabilities
Df 095 090 0.70 0.50 0.30 0.20 0.10 0.05 0.01
1 004 .016 15 46 1.07 1.64 2.71 3.84 6.64
2 10 21 71 1.39 241 322 4.61 5.99 9.21
3 35 .58 1.42 2.37 3.67 4.64 6.25 7.82 11.35
4 71 1.06 2.20 3.36 488 5.99 7.78 9.49 13.28
5 115 1.61 3.00 4.35 6.06 7.29 9.24  11.07 15.09
6 164 220 3.83 5.35 7.23 8.56 10.65 12.59 16.81
7 217 283 4.67 6.35 8.38 9.80 12.02 14.07 18.48
8 2.73 3.49 5.53 7.34 952 11.03 1336 1551 20.09
9 3.33 4.17 6.39 8.34 10.66 1224 1468 16.92 21.67
10 3.94 487 7.27 9.34 11.78 1344 1599 1831 23.21

N

Acceptable <

! :i/

Unacceptable

Note. From Stistical Tables for Biological and Medical Research (6th ed.), Table 1V, by

R.Fisher and F.Yates, Edinburgh: Longman Essex, 1963.
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iii. Hirna Health Bureau and the Institutional Research Ethical Review
Committee (IRERC)
Address: Tel. P.O.Box. Fax. Hirna Health Bureau

Email

Institutional Research Ethical Review Response Form

Name of the institution: Hirna Health Bureau

Name of PI: Girma Legesse

Phone 0912418768 Email P.O Box

Title of the proposal " Genotype and allelic frequencies of the ABO and Rh-D blood groups

among primary and secondary school students of Hirna, west Hararghe Zone of Oromia."”

To the Post Graduate Program Directorates.
The IRERC has reviewed the aforementioned project proposal with special emphasis on the
following point:

1. Are all the ethical principles considered?

1.1 Respect of person: yes | | No | |
1.2 Beneficence Yes | | No | |
1.3 Justice: Yes | | Noj |

2. Are the objectives of the study ethically achievable? Yes [ ] No [ |
3. Arelis the method ethically  Yes [ ] No [ ]
He the above-mentioned ethical assessment the institutional research ethical review committee
has
A. Approved proposal for: 1. Regional National review [ ]
2. Implementation [ ]

Expiry Date of review:

/ /2016
Date Month Year
B. Conditionally approved [ ]
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iv.  Red blood cell compatibility

Donor

?
@)
+

Af

>
+
i
w
+

Recipient AB— AB+

N NSNS XX X X
N X A% X x X X
NS X X X Xx X X

o]

|
C AN SN NN S S
X A X N X S X
WA X X NN X X
X X X N X X X
X X X X X X

AB+

i.  Plasma compatibility table

Donor

Recipient

O
A
B
AB

x X X | O
X X N &P
X N X & @
NN NN

Source: Blood component ABO compatibility chart Red blood cells and plasma blood bank

labsite University of Michigan. Retrieved December 2014.
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Blood group system showing antigen on surface and antibodies in plasma

Blood Type
A B AB 0o
Red Blood
Cell Type
N/ \/ \N/ \/
o) [ | Vellof o W.ov
Antibodies R o S P Ny
in Plasma —‘// \\,~ ,,// \\p —\// \\,~ ,,// \\(\
Anti-B Anti-A None Anti-A and Anti-B
Antigens in
Red blood T ? ? ?
Cell A antigen B antigen A and B antigens None
Blood Types
4 A, B, AB, O o}
fﬁf;‘f’ame A, O B,0 (AB* is the (O'is the
Emergency universal recipient) universal donor)
Figure 2

American Red Cross (US). Blood types [Internet]. ¢c2013 [cited 2013 Apr 3]. Available

from:http://www.redcrossblood.org/learn-about-blood/blood-types 2013
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iii.  ABO blood group system: Diagram showing the carbohydrate chains that
determine the ABO blood group.

‘ M acetyl-galactosamine . Fucose
Red blood

cell r'-.I acetyl-glucosamine O Galactose

Legend .

https://en.wikipedia.org/wiki/FileABObloodgroupdiagram.svg

Figure 3


https://en/
https://en.wikipedia.org/wiki/File:ABO_blood_group_diagram.svg

