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ABSTRACT

The distribution of blood groups was different from place to place and may not be found
in similar numbers even among ethnic groups. Frequency distribution of blood groups is
important for modern medicine, genetic research, anthropology, ancestral relations of
humans and forensic science. The aim of this study was to determine the allelic, genotypic
and phenotypic frequency distribution of ABO and Rh blood groups among students
attending in Tagel preparatory and high school in Simada woreda, Ethiopia from
September to August 2020. Blood samples were taken from 384 volunteer students by
finger-pricks and blood groups were determined by haemagglutination method using
commercially available anti-sera A, B, and Rh (D). Descriptive statistics was used to
calculate percentage frequencies of blood phenotype. The genotypic and allelic
frequencies of the blood groups were calculated from the observed phenotypes under the
assumption of Hardy—Weinberg equilibrium. In the ABO system, type O was the most
prevalent (34.63%) followed by A (32.03%), B (23.95%) and AB the least (9.37%). In case
of Rh system, most of the students were Rh+ (96.1%) and the rest were Rh-(3.9 %). The
allelic frequencies of O (1°), B (I18) and A (1*) were 0.58, 0.22 and 0.19, respectively. While
allelic frequencies of the Rh blood group of D and d were 0.803 and 0.197, respectively.
Genotypic frequencies of OO, AA, AO, BB, BO, and AB were 0.336, 0.048, 0.255, 0.036,
0.220 and 0.084 respectively. While the genotypic frequency of DD, Dd and ddwere0.64,
0.31, and 0.039 respectively. The present study gives baseline information regarding the
management of blood bank and transfusion services in the community. Large sample size
with different areas is recommended to make strong generalizations.

Key words: Blood group, Tagel preparatory and high school, prevalence, Rh, ABO
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1. INTRODUCTION

1.1. Background

Blood is the red liquid that circulates through the blood vessels of humans and other vertebrate
animals, carrying substances such as nutrients and oxygen to the cells and metabolic waste

products like carbon di oxide away from the cells (Okoduwa, 2013).

Blood group is the classification of blood depending on the presence or absence of antigen on the
surface of red blood Cells (RBCs). Red blood cell antigens may be proteins, glycoproteins, or
glycolipids. Most red blood cell antigens are synthesized by the cells; however, some antigens
like the Lewis and Chido/Rogers systems are synthesized during entering to the red blood cell
membrane from the plasma. Antigens such as ABO and Rh-D are specific to red blood cells and

others are found on other cells throughout the body (John et al., 2003).

Human red blood cell contains a variety of blood group antigens. The most important and best
known are A and B antigen, which are actually complex oligosaccharide that differ in their
terminal sugar on RBC. These are mostly glycolsphingo lipids. The antibodies against red blood
cell antigens are called agglutinins. Individual are divided into four major blood groups A, B, AB
and O, based on the presence of these antigens and agglutinins (Ganong, 2003). Different types
of polysaccharide antigens, called agglutinogen (Ganong, 1995). The antigenic substances are
capable of inducing a specific immune response (Novak, 1995) and that specific response results
in the production of cells termed as antibodies (Hoffbrand, 1981). Antigens may either be
erythrocytes, leukocytes or platelet related (Talib, 1991).

In human there are a total of 36 human blood group systems which recognized by the
International society of blood transfusion (ISBT) Storry et. al., 2016.Butthe major blood group
system is ABO blood type based on A and B antigen, and the second one is Rh blood type

depends on the presence or absence of Rh antigens, (Alhowaish, 2013).

The ABO blood group system is discovered by the Austrian scientist Karl Landsteiner, who
found three different blood types in 1900 (Garratty et al., 2000). He described A, B and O blood



groups for which he was awarded the Nobel Prize in 1930. After two years Alfred Von
Decastello and Adriano Sturli additionally discovered the fourth type AB in 1902

(Vondecastella et al., 1902). While Landsteiner and Weiner in 1940 discovered the Rhesus (Rh)
blood group (lyiola et al., 2011).

The gene which controls the development of ABO blood group in human has three alleles: A, B,
and O; it is said to be multiple allelism. Sometimes these A, B, and O notations may be written in
the form of I, I, and 1°. The genotype of this blood type is: AA, AO, BB, BO, AB, and OO;
and in case of phenotype there are four blood groups: A, B, AB, and O. The term genotype is
used for the sum of the inherited alleles of particular gene (e.g. AA, AO), and genes controlling
on the red blood cells of ABO group system expressed as either codominant (A and B) or
complete dominant (A and B over O). The phenotype refers to the observable product of the

alleles on the red blood cells surface structure as antigen (Lewis et al., 2006).

The Rh blood group is named for the rhesus monkey, in which the Rh antigens were discovered
in 1940. It is the most complex and immunogenic of the human blood-group systems with 52
well-defined antigens. The Rh blood group is found next to ABO groups in clinical importance
because of their relation to haemolytic disease of the newborn (HDN) and their importance in
blood transfusion (Adeyemo and Soboyejo, 2006; Bakare et al., 2006).it is genetically complex
but simply described in terms of a single pair of alleles, D and d. The genotype of this blood
group is DD, Dd and dd (Daniels, 2002; Saladin, 2003).

The frequency of the ABO and Rh blood groups vary in the world and may not be found in the
same numbers in various populations. The highest frequency of blood group in the world
population had group O and Rh positive, whereas the least frequency blood group is AB and Rh
negative (Boskabady et al., 2005; Nwaopoara et al., 2008; Pandey et al., 2013;Getaneh Alemu
and Mohammedaman Mama, 2015; Kooffreh et al., 2015).

Different studies shows about ABO blood group distributions in Ethiopia there are variation in different
ethnic groups (Falusi et al., 2000). In Silte zone, Kassahun et al., (2015) reported that frequency of O
(41.0%), A (24.5%), B (21.3%) and AB (5.2%) and 92.06% Rh+ and 7.94% Rh-. Among Sidama ethnic
group the phenotypic frequency of ABO blood group type O (51.3%), type A (23.5%), type B (21.9%)
and type AB (3.3%) (Tewodros et al., 2011).



According to Habtamu Tadesse (2019).the genotypic frequency of ABO blood group were OO
(0.4) ,A0(0.24), BO(0.2),AB( 0.064),AA(0.03) and BB (0.02) in west shewa zone oromia
region. Previous studies conducted in Oromia National Regional State (Amsalu Wagqgarie and
Daniel Gietahun, 2017) the allelic frequencies of O (0.64), A (0.21) and B (0.15); In the similar
way (Amsalu Wakgarie and Daniel Gietahun, 2017) reported that the frequency of Rh factor
were DD (0.5329),Dd (0.3942), dd(0.0729).In Oromia National Regional State the allelic
frequencies of D (0.73), and d (0.27) (Amsalu Waqgarie and Daniel Gietahun, 2017),

This is important test performed in blood banking services to avoid morbidity and mortality,
which means patients with any blood type must rely on donors with matching blood types and
apply successive blood transfusion (Nwaopara et al., 2008). Also currently used in forensic

science that used to demonstrate crime sense like impossibility of paternity (Okoduwa, 2013).

1.2. Statement of the problem

Many scholars carried out research in different countries like Nigeria, India, America and
others on the frequency distribution of ABO and Rh blood groups, until this time, no research
was conducted on simada woreda related with this study. So not known ancestral relationship
between their parent, no documented data used for genetic research and for clinical aspects,
maternal mortality, hemolytic disease for infants, and lack of awareness about blood
transfusion. Due to this reason the study was designed to determine the phenotypes and
genotypes, and the allele frequencies distribution of ABO and Rh-D blood group among the

students.

1.3. Significance of the study

The knowledge of frequency distribution of ABO and Rh blood group at local and regional
level is helpful in the effective management of blood banks and safe transfusion services. ABO
and Rhesus (Rh) blood group are useful in population genetic studies, researching population
migration patterns. The need for blood group prevalence studies is multipurpose, as besides

their importance in evolution, their relation to disease and environment. And also prevent



hemolytic disease of new born infant and reducing many preventable diseases. Currently used

in forensic science that used to demonstrate crime sense like impossibility of paternity.
1.4. Objective of the study

1.4.1. General objective

v’ To determine the ABO and Rh blood group frequencies among students of Tagel

preparatory and secondary school.

1.4.2. Specific objective

v To determine the phenotypic frequency of ABO blood types among students at Tagel
preparatory and secondary school.

v To determine the phenotypic frequency of Rh blood types among students at Tagel
preparatory and secondary school.

v' To determine the allelic frequency of ABO blood group among students at Tagel
preparatory and secondary school.

v To determine the allelic frequency of Rh blood group among students at Tagel
preparatory and secondary school.

v To determine the genotypic frequency of ABO blood group among students at Tagel
preparatory and secondary school.

v To determine the genotypic frequency of Rh blood group among students at Tagel

preparatory and secondary school.

1.5. Limitation of the study

The extent of the study was limited from wogeda town especially. tagel preparatory and
secondary school of Simada wereda. Moreover, the study was limited in content focusing only
ABO and RH blood group not relate with other traits. The other limitation was smaller sample

size .The reasons for such limitation were finance and time



2. LITERATURE REVIEW

2.1. Human blood group system

People have different blood groups, based on the presence or absence of antigen on the red blood
cell (Dean, 2005). There are a total of 36 human blood group systems recognized by the
International society of blood transfusion (ISBT) Storry et al., 2016.The two main blood groups
are called ABO and Rh type. Both are useful in blood transfusion and organ transplantation
(Khan et al., 2009; Eweidah et al., 2011).

2.1.1. ABO blood group

The ABO blood group system was first discovered by Karl Landsteiner in 1901 and consists of
three main alleles: these are two co dominant A and B and the other recessive allele is called O
(Owen, 2000; Loscertales et al., 2007). There are four major phenotypes, namely A, B, AB, and
O (Ghasemi et al., 2010; Yamamoto et al., 2012) depend on the presence or absence of A and B
antigens and antibodies at the surface of red blood cells (Calafell, 2008; Criswell, 2008).

Red blood cell antigens will be proteins, glycoproteins, or glycolipids. Most Red blood cell
antigens are synthesized by the cells; however, some antigens, such as those of the Lewis and
Chido/Rogers systems, are adsorbed onto the red blood cell membrane from the plasma. Some
antigens such as ABO and Rh-D are specific to red blood cells, and others are found on other
cells throughout the body (John et al., 2003).
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Figure 1: A diagram showing the structural differences on the surface of red blood cells used to
classify them into ABO blood groups. All the four blood groups contain fructose, galactose and
N acetylglocusamine in common. (Wikimedia Commons, 2019)



The ABO blood type alleles A and B thus codes for glycosyltransferase which transfer GalNac
and galactose respectively (Kitano et al., 2009), while O is a null allele incapable of coding for a
functional glycosyltransferase (Daniels, 1997). In addition to expression on red blood cells, ABO
antigens are also highly expressed on the surface of epithelial cells (Xie, 2010; Than et al.,
2011). 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 agglutinins (Jeremiah, 2006) .

In humans, AB antigens are widely expressed on a variety of cell surface molecules in many
tissues and hormones, depending on the ABO genotypes of the individuals. These include
glycoproteins and glycolipids on mucous cells, nerve cells, red cells, epidermis, and vascular
endothelium (Suzuki, 2005; Than et al., 2011; Yamamoto et al., 2001). ABO blood types are
also present in some other animals, like apes such as chimpanzees, bonobos, and gorillas (Dean,
2005; Yamamoto et al., 2001).

2.1.1.1. Phenotypic Frequency Distribution of ABO blood group

The frequency distribution of ABO blood group was different in the world. From these
population blood type O is higher frequency and blood type AB is the least while A and B is
vary or interchangeable in different studies. For example, 55.2% of Calabar in Nigeria, 63.7%
of Ekpoma in nigeria, 38% of Bihar in India are shows type O (Nwaopoara et al., 2008;
Pandey et al., 2013; kooffreh et al., 2015).

The population of Ekpoma in Nigeria showed that a higher percentage of the population
(63.73%) were blood group O, while those with blood group A, B and AB are (17.62%),
(16.58%) and (2.07%), respectively (Nwaopara et al., 2008). In the same way (Pandey et al.,
2013) in India Bihar population showed that the frequency of blood group O (38%) was
highest followed by B (33.4%), A (21.8) and AB (6.8),but the difference is the frequency of
blood group A and B.

According to (kooffreh et al., 2015) in Calabar, Nigeria, observed that blood group O had the
highest frequency (55.2%), followed by B (21.6%), A (18.8%) and AB had the least (4.4%)



and Boskabady et al., (2005) showed that the percentage of blood groups A, B, AB and O
among the city of Mashhad population was 23.1%, 23.3%, 8.9% and 34.7% respectively.

Table 1: World distribution of ABO blood type by groups of people from different Nations based
on Beckman (2008) report.

People @) A B AB People @) A B AB

Aborigines 61 3 0 O Chinese-Canton 46 23 25 6
9

Abyssinians/Ethiopia 43 2 25 5 Chinese-Peking 29 27 32 13
7

Albanians 38 4 13 6 Chuvash 30 29 33 7
3

Ainu (Japan) 17 3 32 18 Czechs 30 44 18 9
2

Americans 31 4 14 6 Danes 41 44 11 4
9

Arabs 34 3 29 6 Dutch 45 43 9 3
1

Asian (in USA - 40 2 27 5 Egyptians 33 36 24 8

General) 8

Austrians 36 4 13 6 British 47 42 9 3
4

Bantus 46 3 19 5 Eskimos-Alaska 38 44 13 5
0

Basques 51 4 4 1 Eskimos-Green 54 39 5 2
4 land

Blackfoot (N. Am. 17 8 0 1 Estonians 34 36 23 8

Indian) 2

Belgians 47 4 8 3 Fijians 44 34 17 6
2

Bororo (Brazil) 100 0 0 O Finns 34 41 18 7

Brazilians 47 4 9 3 French 43 47 7 3
1

Bulgarians 32 4 15 8 Georgians 46 37 12 4
4

Burmese 36 2 33 7 Germans 41 43 11 5
4

Buryats (Siberia) 33 2 38 8 Grand 9 60 23 9
1 Andamanese

Bushmen 56 3 9 2 Latvians 32 371 24 7
4

As it can be seen from Table 1, Aborigines have 61% “O” type but 0% for “B” and “AB” type;
Bororo/Brazilians have 100% “O” type; and Ethiopians have 45% “O” type and 5% “AB” type.
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Other unique distributions in Grand Adamanese scored 60%for “A” type blood group. Like
Nwauche and Ejele (2004) and many other researchers have reported that blood group O was the
most common blood group and blood group AB was the least common blood group in some
ethnic groups.

In African-Americans blood type O, A, B, and AB have 46%, 27%, 20% and 7% distributions,
respectively. Among the Caucasians in the United State, the distribution was O = 47%, A = 41%,
B = 9% and AB = 3%. This distribution, with little difference, was reported as the distribution
among Western Europeans: O = 46%, A = 42%, B = 9% and AB = 3% (Adeyemo and Soboyejo,
2006).
The O blood type is very common around the world; about 63% of humans share it. Type O is
particularly high in frequency among the indigenous populations of central and South America
where it approaches 100%. The lowest frequency of O type is found in Eastern Europe and
central Asia, where B is common (Khan et al., 2009). From the Bangladish society the ABO
blood group type distribution showed that type “B” covered the highest frequency (39.8) whereas
type “O” covered 27.6% which is the second highest frequency (Sultana et al., 2013).

Different studies shows about ABO blood group distributions in Ethiopia there are variation in
different ethnic groups (Falusi et al., 2000). In Silte zone, Kassahun et al., (2015) reported that
frequency of O (41.0%), A (24.5%), B (21.3%) and AB (5.2%) and 92.06% Rh+ and 7.94% Rh-.
Among Sidama ethnic group the phenotypic frequency of ABO blood group type O (51.3%),
type A (23.5%), type B (21.9%) and type AB (3.3%) (Tewodros et al., 2011). Similarly, (Teklu
and Shiferaw, 2016) reported that blood type O (43.0%), A (32.0%), B (21.5%) and AB (3.5%).
Fekadu (2015) reported the general Ethiopians ABO blood group distribution of type O, 40%,
type A (31%), type B (23%) and type AB (6%).

2.1.1.2. Allelic frequencies of ABO blood groups

Previous studies conducted in Oromia National Regional State (Amsalu Waqggarie and Daniel
Gietahun, 2017) the allelic frequencies of O (0.64), A (0.21) and B (0.15); Kassahun Tesfaye et
al., (2015) in a similar study conducted in Silte zone, Ethiopia, the allelic frequencies of O (r), A

(p) and B (q), were 0.65, 0.19 and 0.15 respectively. The pattern of allelic frequencies were



I°>4>1B (Kassahun Tesfaye et al., 2015). In the general Indian subcontinent, (Yassin, 2013)
reported that allelic frequencies of p (0.154), g (0.249), r (0.591),

2.1.1.3. Genotypic frequency of ABO blood group

According to Habtamu Tadesse (2019).the genotypic frequency of previous study OO (0.4)
,A0(0.24), BO(0.2),AB( 0.064),AA(0.03) and BB (0.02) in west shewa oromia region. In the
similar way (Amsalu Wakgarie and Daniel Gietahun, 2017) reported that OO (0.413) AA (0.043)
AO (0.268) BB (0.021) BO (0.186) AB (0.06) in oromia region.

2.1.1.4. Genetics of ABO Blood Group

Blood groups are inherited from both parents. The ABO blood type is controlled by a single gene
with three types of alleles (multiple alleles) explains by classical genetics: 1°, I, and 15, |
designation stands for isoagglutinogen or antigen. The gene encodes a glycosyltransferase that is,
an enzyme that modifies the carbohydrate content of the red blood cell antigens. The gene is

located on the long arm of the ninth chromosome. (Criswell, 2008)
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Figure 2: A diagram showing the possible types of interactions, blood coagulation, made when
bloods from different individuals are mixed up in the form of blood donor and recipient. [The
picture from Wikimedia Commons freely licensed media file repository, 2008]
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The 1* allele gives type A, 1B gives type B, and i gives type O. As both 1* and 1B are dominant
over i, only ii people have type O blood. A person with II* or 1*i have type A blood, and with
IBIB or IBi have type B. I*IB people have AB blood type , because A and B express a special
dominance relationship: codominance, which means that type A and B parents can have an AB
child. A couple with type A and type B can also have a type O child if they are both
heterozygous (I5i,1A). The cis-AB phenotype has a single enzyme to creates both A and B

antigens (Yazar et al., 2006).
2.1.1.5. Characteristic feature and life style of ABO blood group

Blood group A; A person of this blood type was Intelligent, Not suitable for Leadership
positions by instinct. Needs much relaxation and focus on doing exercises. It is favorable to eat
Beans, fruits like pineapples, and sea food for his/her digestive and immune system is sensitive.
Who will be susceptible to some diseases like diabetes, anemia, and heart diseases (Atoom,
2014)

Blood Group B:in this blood type a person will be Flexible, creative, live and eat in a balance
way, love to work exercises, strength full over difficulties in life. High intellectual activity, have
harmony in addition to inner peace. Fewer tendencies to challenge and confront. Who eat all
kinds of food but in a balanced way. He is Susceptible for different diseases but rare in viruses
(Atoom, 2014).

.Blood Group (AB): the person of this blood type Called spirituals. Gently receive all life style
and without any negative perception of the consequences. Mostly charming and exciting people
which sometimes fall them in an Emotional problems. It advises to feed fish, vegetables, and
milk products. (Atoom, 2014).

Blood Group (O): in this blood type there is physical and personal strength, stamina, self-
reliance, courage, pursuit of success, leadership features, power, and optimism. It is favorable to
eat meat, fish, vegetables, and fruit and they are advised to focus on proteins it is susceptible to

Infectious diseases (Atoom, 2014).
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2.1.2. Rh blood group system

According to, (Dubroff and Joseph, 2003; Adeyemo and Soboyejo, 2006) the Rh blood type is
known as Rhesus factor. It is an antigen that exists on the surface of red blood cells in most
people. People who have the Rh antigen to have Rh positive (+) blood type while others who
don‘t are considered as Rh negative (-) blood type. In contrast to the situation encountered in

antigen A and B, the plasma of Rh negative individual does not have ant-Rh (Martini, 2004).

The Rh-D gene encodes the D antigen, which is a large protein on the red blood cell membrane.
Some people have not a gene it does not produce D antigen, and therefore the Rh-D protein is
absent from their red blood cells (Saladin, 2003). But this is important in blood transfusion
because the Rh-D immune response in Rh D negative women is primary expose for hemolytic
disease of the newborn (Apoil and Blancher, 2000;0keke et al., 2012).

The Rh antibody unlike the IgM antibodies found against the ABO antigens, IgG antibodies do
cross the placenta. This can lead to a very harmful condition during pregnancy (even several
years after immunization) called severe hemolytic disease of the newborn (HDN) (Gurevitz,
2010; lyiola et al., 2011).

Unlike the ABO antibodies, Rh antibodies do not occur naturally, but are formed only when
blood from Rh-positive donors is transfused into Rh-negative recipients. In such a case the
recipients become sensitized to the Rh antigen, that is, they form antibodies against Rh-positive
erythrocytes. Subsequently, during a second transfusion, large numbers of antibodies are formed
rapidly, and these promptly agglutinate the erythrocytes of the Rh-positive donor (Bakare et al.,
2006).

2.1.2.1. Phenotypic Frequency distribution of Rh blood group

The frequency of Rh positive gene is higher in most populations in the world as compared to
Rh negative gene. According to Nwaopara et al., (2008) in the population of Ekpoma in
Nigeria observed that a higher percentage of the population (97.41%) were Rh positive while

a lower percentage of the population (2.59%) were Rh negative.

Getaneh Alemu and Mohammedaman Mama (2015) in Arba Minch, Ethiopia also observed
that most of the populations were Rh+ (92.8%) and kooffreh et al., (2015) among the families
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in Calabar, Nigeria showed that Rh positive had the highest frequency (91.6%) and Rh
negative had the least frequency (8.4%) in the population. In the similar way in Tanzania
population 98% are shown Rh positive (had D antigen in the blood) and 2% hadn’t D antigen
(Rh negative) (Jahanpour et al., 2017) and in the city of Mashhad88.71% of the studied
population was Rhesus positive and 11.3% rhesus negative (Boskabady et al., 2005). Further
study conducted in western nation (Britain) by Garratty et al., (2004), they reported that Rh
factor frequency showed that 83% of the population had Rh (D) and 17% hadn’t Rh (D)

antigen.

2.1.2.2. Allelic frequencies of Rh (D) blood groups

Previous studies conducted in Oromia National Regional State the allelic frequencies of D
(0.73), and d (0.27) (Amsalu Wagqgarie and Daniel Gietahun, 2017), and Rh factor were very
close to the findings of Kassahun Tesfaye et al., (2015) in a similar study conducted in Silte
zone, Ethiopia.They also found that 92.06% were Rh+ while 7.94% were Rh-.(Kassahun
Tesfaye et al., 2015).In the general Indian subcontinent, (Yassin, 2013) reported allelic
frequencies of D (0.676) and d (0.324).

2.1.2.3. Genotypic frequency of Rh (D) blood group

According to HabtamuTadesse, 2019 the genotypc frequency of Rh factor was DD (0.86), Dd
(0.07) and dd (0.064) in west shewa zone, oromia region. In the similar way (Amsalu Wakgarie
and Daniel Gietahun, 2017) reported that the frequency of Rh factor were DD (0.5329), Dd
(0.3942), dd (0.0729).

2.1.2.4. Genetics of the Rh Blood Group System

Rh blood group is the second most common and has 50 defined antigens. Among these antigens,
six antigens namely C, D, E, c,d and e are more important. The genes for the Rh system were
located on Chromosome 1. The genetic composition of the Rh blood type includes two genes
RhD and RhCE located in close proximity. These genes encode for the proteins RhD and RhCE.
The RhD protein carries the D antigen while the RhCE latter carries C and E antigens. C and E

can present in various combinations (e.g. CE, ce, Ce, cE). There is no antithetical component for
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the RhD antigen. Therefore, a “d” does not exist. If the D antigen is not present, it is totally

absente or deletes this location. This corresponds to the Rh negative phenotype (Whitlock, 2010).

Lack of any antigenic material is the result of absence of the RhD gene. The RhD and RhCE
genes each have ten exons, are 97% identical, and most likely arose from gene duplication. RhD
and RhCE differ by 32 to 35 of their 416 amino acid composition. The difference of antithetical
antigens (e.g. C and c are antithetical) comes from a difference of fewer amino acids than the
comparison of antigens from alternative blood group. This fact also explains the large degree of
foreignness when the RhD antigen is introduced into an RhD negative individual. The highly

antigenic nature of the RhD antigen is in contrast to other antigen systems (Whitlock, 2010).

2.2. Hardy-Weinberg Equilibrium

Hardy-Weinberg Equilibrium, also known as the Hardy-Weinberg principle, is used to compare
allele frequencies in a given population over a period of time. A population of alleles must be
similar when there is No gene mutation, migration, genetic drift and natural selection but
Random mating must occur, meaning that individuals mate by chance .Hardy-Weinberg
Equilibrium never occurs in nature because there is always at least one rule being violated.
Hardy-Weinberg Equilibrium is an ideal state that provides a baseline against which scientists
measure gene evolution in a given population. The Hardy-Weinberg equations can be used for
any population; the population does not need to be in equilibrium (Johnson et al., 2008).

Hardy-Weinberg (H-W) principle is very important used to determine the phenotypic, genotypic
and allelic frequencies of the ABO and Rh-D blood group systems. The points of the principle
are there is no selection, mutation and migration (genetic drift), but there is random mating and
equal fitness between the two sexes. As far as these conditions are fulfilled the frequency of each
allele can be maintained stable from generation to generation and the situation is referred as
Hardy-Weinberg "equilibrium”. Based on the H-W principle the genotypic frequencies can be

determined from the frequencies of its alleles and vice-versa.
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3. MATERIALS AND METHODS

3.1. Description of the study area

The study area (Simada) is part of South Gondar Zone found in Amhara region, which is situated
774 km north of the capital city of Addis Ababa and 209 km southeast of Bahir Dar (Fig.3). The
topographic elevation ranges from 1196 meter above sea level to 3525m. It is bordered on the
southeast by the Sedieamuja, on the southwest by the Abay (Nile) which separates it from the
East Gojjam, on the northwest by Este, and on the east by Tach Gayint. Part of this district‘s
boundary with Este is defined by the Wanka, a tributary of the Nile. The major town of Simada
is called wogeda.
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Figure 3: Location Map of the study area

The district has three climatic zones: 40%Woynadega (intermediate elevation), 10% dega (high

land) and 50% kola (low Isand). The urban center where 5% of the population lives in the district
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is located in the Woynadega zone. The climate is monsoonal and varies with elevation. The
primary wet season extends from April through October; among these, July and August are the
wettest months. The mean annual rainfall is 900-1100mm and the mean annual temperature is
23°C (SWOARD, 2011).

According to the Central Statistical Agency (CSA) (2007), the district has an estimated total
population of 228,271, an increase of 22% from the 1994 Census. This is an average of 4.2
persons per household. The population density of 102 persons per square kilometer is less than

the zonal average of 145 people per km?,

3.2. Sample size determination

The representative samples of this study was 384 individuals will selected using random
sampling technique from 3754 individuals to give each blood samples for the diagnosis of blood
types in the school. The sample population will stratified into four depends on grade level (9, 10,
11 and 12). For estimating the sample size (N) the researcher used statistical formula at 5% level

of significance and considered ABO/ Rh blood group. The formula is found below;

N=Z72P (1-P)/d? (Niang et al., 2006)

1-P=q

N=the minimum required sample size

Z=1.96 at 95% confidence interval

d= margin of sampling error 5%

p=prevalence of ABO/Rh blood group

Since the distribution of blood group was not known in the study area P was taken to be 50% for
the calculation.

N=(1.96)0.5 (1- 0.5) / (0.05) =384

Therefore the total sample size becomes 384.

3.3. Data collection

The study was conducted in Tagel preparatory and secondary school from September to August
in2020. The data was collected from a total of 384 individuals from this 204 female and while

180 male. The age of the student was from 17-22 attained in the school for learning. The sample
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of the blood collected by laboratory physician in wogeda health center. To collect the sample of

blood the following steps necessary.

1. Wiped their finger vigorously with alcohol immersed cotton wool.

2. Pricked their finger with fresh sterile blood lancet and press gently.

3. Taken blood immediately and put three area of a slide

4. Dropped different anti-sera (monoclonal antigen A, B & D) on each prepared blood sample
accordingly.

5. mixed with fresh sterile wooden stick and wait a minutes.

6. Observed the reaction and recorded.

3.4. Data analysis

All statistical analyses was done by SPSS software package version 20 and Microsoft excel.
Frequency table were used for summarizing key findings. Allele and genotypic frequencies
calculated under the assumption of Hardy—Weinberg equilibrium .Chi-square test will be used to
compare observed and expected value of phenotypic, allelic and genotypic frequency
distributions of the ABO blood group and Rh antigens under the Hardy—Weinberg. Descriptive
statistics was used to calculate frequencies of the phenotype of the blood ABO and Rh blood
groups and results were reported as frequencies and percentages. The genotypic and allelic
frequencies of the ABO and Rh blood groups were calculated from the observed phenotypes of

ABO and Rh under the assumption of Hardy—Weinberg equilibrium.

Under H-W equilibrium, the following equations and representations are commonly used:
1. “A” stands for dominant allele and represented by “p”;

2. “a” stands for recessive allele and represented by “q”;

3.p+q=1()

4. (p + q) 2 =which implies p? + 2pq +g*>= 1. (2)

Again it implies that AA + 2Aa+aa=1

16



Following the same principle and notion one can determine the frequencies of genotypes,
phenotypes and alleles for multiple allelic traits. For the ABO blood group types the alleles can

also be represented by p, q, and r.
5.p+q+r=1.(3)
6. (p +q+r)2=12. This gives p? + 2pq + q> + 2qr + 2pr + r> = 1. (4)

P2 + 2pq + 2 + 2qr + 2pr + r2 represent “AA”, “A0”, “BB”, “BO”, “AB”, “O0” genotypes,

respectively

The alleles of ABO blood groups, i.e., I, 1, and 19, and their frequencies were represented by p,

g, and r, respectively. The frequencies were calculated as follow

r=\O=Allele I°

p=1-v(B+0)=Allele I

q=1-v(A+0)=Allele I®

Therefore, the genotypic frequencies are represented as
(P+q+n2=p*+2pq+q?+2pr+2qr+ri=1landp+q+r=1

Where, p? is the genotypic frequency of 1214, g2 is the genotypic frequency of IBIB, 2pq is the
genotypic frequency of 1* 1B, 2pr is the genotypic frequency of I21°, 2qgr is the genotypic
frequency of IBI°and r? is the genotypic frequency of 1°1° as cited in Hanania et al,.(2007).

The frequencies of the Rh blood group allele D (dominant allele) and d (recessive allele) were
determined as:

q=VRh- = Allele d

P=1-q=AlleleD

The Rh blood (D) group genotypic frequency was calculated from the allelic frequency under
the assumption of Hardy-Weinberg equilibrium as follows:

DD +2Dd +dd =1

Genotype DD = p?

Genotype Dd = 2pq

Genotype dd = ¢
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3.5. Ethical clearance
Ethical clearance was obtained from Bahir Dar University, College of Science Research and
Community Service, Ethical Clearance Committee. Informed consent was obtained from the

study subjects.
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4. RESULT

4.1. Phenotypic Frequency Distribution of ABO and Rh blood groups

As the result in figure 2 illustrates that the distribution pattern of A, B, AB and O blood
groups among the total of 384 studied subjects were123 (32.03 %),92 (23.95%),36 (9.37%)
and133 (34.63%) respectively. In this distribution the male participant of blood were 50
(13%), 39 (10.15%), 21 (5.46%) and 70 (18.22%), for A,B, AB, and O blood group
respectively, whereas, in females, were 73 (19%), 53 (13.8%), 15 (3.9%) and 63 (16.4%) for
A, B, AB and O groups respectively. The result of statistical data indicates that blood group O
was the first most common prevalent blood group followed by A and then B, while the least
prevalent blood group in the studied subject was AB. The distribution pattern of ABO blood

groups in both sexes were the same trend (O>A>B>AB).

H Male
80 -

73 B Female

Frequency

A Bloogsggroup A 0

Figure 4: Phenotypic Distribution of ABO blood group
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Table 2: Frequency distribution of Rhesus factor in the studied subject

Rhesus factor (Rh-D)

Sex Rh positive Rh-negative
Male 175 5

Female 194 10

Total 369 15

From all sampled population 369 (96.1%) of them were Rh positive. The remaining 15 (3.9%)
of them were Rh negative. As distribution pattern of Rh blood group showed that among 180
male individuals 175 (97.2%) and 5 (2.78%) were found for Rh-positive and Rh-negative
respectively, while in 204 female individuals 194 (50.5) and 10 (2.6) were Rh-positive and Rh
negative respectively. that is given in (Table 2).

4.2. Allelic and genotypic frequencies of ABO blood group and Rh-factor for
the studied groups

The genotypic and allelic frequencies of the ABO and Rh blood groups were calculated from the

observed phenotypes of ABO and Rh under the assumption of Hardy—Weinberg equilibrium.

Table 3: The phenotypic allelic and genotypic frequency distribution of the studied group

blood  Observed number Genotype Allelic Genotypic frequency

group  and phenotypic frequency

type frequency

A A=123 (0.32) AA p=0.22 p? (pxp)=0.22xx0.22=0.05
AO 2pr=2x0.22x0.58=0.26

B B=92 (0.24) BB q=0.19 0= (0x)=0.19x0.19=0.04
BO 2qr=2x0.19%0.58=0.22

AB AB=36 (0.09) AB 2pg=2x0.22x0.19=0.09

0] 0=133 (0.35) 00 r=0.59 r? (rxr)=0.58x0.58=0.34

RH- RH-=15 (0.039) Dd d=0.197 d? (dxd)=0.197x0.197=0.0388

RH+ RH+=369 (0.96) DD D=0.803 D? (DxD)=0.803x0.803=0.6448
Dd 2Dd=2x0.803x0.197=0.3168
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Results of allelic and genotypic frequencies of ABO and Rh blood groups are listed in Table 3.
The allelic frequencies of the ABO blood group of r (1°), p (18) and g (1*) were 0.58 , 0.22 and
0.19, respectively (1°> I*> 1) while allelic frequencies of the Rh blood group of D and d were
0.803 and 0.197,respectively. Genotypic frequency of OO, AA, AO, BB, BO, AB was 0.336,
0.0484, 0.255, 0.036, 0.22 and 0.0836 respectively. In case of Rh factor DD, Dd and dd was
0.6448, 0.368 and 0.0388 respectively.
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5. DISCUSSION

5.1. Phenotypic Distribution of Blood Group ABO and Rh factor

5.1.1. Phenotypic Distribution of ABO Blood Groups

In this study the sampled population distribution regard to ABO blood phenotype, blood
group O was the first most common prevalent 133 (34.63%), and type A 123 (32.03%) was
the second most prevalent followed by B 92 (23.95%), while the least blood type in the
studied subject was AB 36 (9.37%). The result on the distribution of the population based on
ABO blood phenotype was given by O>A>B>AB.

The result of this study on the ABO blood group phenotype frequency distribution was similar
with the pattern seen in the previous studies that reported high frequencies of group O and
low frequency of AB (Boskabady et al., 2005; Nwaopara et al., 2008; Pandey et al., 2013;
Getaneh Alemu and Muhammadaman Mama, 2015; kooffreh et al., 2015, Habitie Worede,
2018). .

The population of Ekpoma in Nigeria showed that a higher percentage of the population
(63.73%) were blood group O, while those with blood group A, B and AB are (17.62%),
(16.58%) and (2.07%), respectively (Nwaopara et al., 2008). In the same case Pandey et al.,
(2013) in India Bihar population showed that the frequency of blood group O (38%) was
found highest followed by B (33.4%), A (21.8) and AB (6.8).

According to Kooffreh et al., (2015) in Calabar, Nigeria observed that blood group O had the
highest frequency (55.2%), followed by B (21.6%), A (18.8%) and AB had the least (4.4%)
and Boskabady et al., (2005) showed that the percentage of blood groups A, B, AB and O
among the city of Mashhad population was 23.1%, 23.3%, 8.9% and 34.7% respectively.

All the above previous studies are supported the present investigation; the only difference is
the distribution of blood A and B, in some reports. In this the result of Boskabady et
al.(2005), Pandey et al., (2013), and kooffreh et al., (2015) are different from the present

study. But the result of Nwaopara et al., (2008) Getaneh Alemu and Mohammadaman Mama
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(2015) and Habitie Worede (2018) showed similar result in terms of the distribution of blood
A and B. In the present study the frequency distribution of ABO blood groups in both sexes
was the same trend (i.e. O>A>B>AB).

Previous studies stated that the distribution of blood groups difference and similarities
occurred in the population may due to the cause of geographical area, natural selection
(infectious disease), genetic drift, gene flow between populations (marriage distance such as
consanguineous and short marriage distance can cause the homogeneity in genetic of the
population, increasing the chance of recessive allele expression) (Baskabady et al., 2005;
Pandey et al., 2013).

5.1.2. Phenotypic frequency Distribution of Rh (D) factor

In this study the distribution of Rh positive was higher prevalent than Rh negative blood.
From all sampled populations 369 (96.1%) of them were Rh positive and the remaining 15
(3.9%) of them were Rh negative. Related studies reported that the frequency of Rh positive
gene is higher in most populations in the world than Rh negative gene. This result is similar
with the study conducted in western nation (Britain) by Garratty et al., (2004), they reported
that Rh factor frequency showed that 83% of the population had Rh (D) and 17% had Rh (d)

antigen.

In the population of Ekpoma in Nigeria observed that a higher percentage of the population
(97.41%) were rhesus positive while a lower percentage of the population (2.59%) were
rhesus negative Nwaopara et al., (2008). GetanehAlemu and Muhammadaman Mama (2015)
in Arba Minch, Ethiopia observed that most of the populations were Rh+ (92.8%) and
kooffreh et al.,(2015) among the families in Calabar, Nigeria showed that Rh positive had the
highest frequency (91.6%) and Rh negative had the least frequency (8.4%) in the population.

In Tanzania population 98% are shown Rh positive (had D antigen in the blood) and 2% had
not D antigen (Rh negative) (Jahanpour et al., 2017). The result in Ekpoma, Arba Minch,
Calabar, and Tanzania was far from the result of present study by percentage. In the city of
Mashhad 88.71% of the studied population was rhesus positive and 11.3% rhesus negative
(Boskabady et al., 2005).
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5.1.3 Allelic frequencies of ABO and Rh (D) blood groups

In this study the allelic frequencies of O (0.58), A (0.22) and B (0.19); D (0.8), and d(0.2).So
the pattern of allelic frequencies were 1°> 1> 1Bin the same way the results of previous
studies conducted in Oromia National Regional State (Amsalu Waqgarie and Daniel
Gietahun, 2017) the allelic frequencies of O (0.64), A (0.21) and B (0.15); D (0.73), and d
(0.27), and Rh factor were very close to the findings of Kassahun Tesfaye et al., (2015) in a
similar study conducted in Silte zone, Ethiopia. In their study, the allelic frequencies of O (r),
A (p) and B (qg), D, and d were 0.65, 0.19 and 0.15, 0.72 and 0.28, respectively. They also
found that 92.06% were Rh+ while 7.94% were Rh-.The pattern of allelic frequencies were
1°>1A>|B (Kassahun Tesfaye et al., 2015). In the general Indian subcontinent, (Yassin, 2013)
reported allelic frequencies of p (0.154), q (0.249), r (0.591), D (0.676) and d (0.324).

5.1.4. Genotypic frequency of ABO and Rh (D) blood group

The result of the genotypic frequency in this study were OO, AA, AO, BB, BO, AB was 0.336,
0.0484, 0.255, 0.036, 0.22 and 0.0836 respectively. In case of Rh factor DD,Dd and dd was
0.644,0.368and0.0388respectively. Thepatternofgenotypic frequency OO>A0>BO>AB>AA>BB
this result was similar with the previous study 00(0.4),A0(0.24),BO(0.2),AB( 0.064),AA(0.03)
and BB (0.02) while Rh factor was DD (0.86), Dd ( 0.07) and dd ( 0.064)in west shewa oromia
region ( HabtamuTadesse,2019). In the similar way (Amsalu Wakgarie and Daniel Gietahun,
2017) reported that OO (0.413) AA (0.043) AO (0.268) BB (0.021) BO (0.186) AB (0.06) in
case of Rh factor DD (0.5329),Dd (0.3942), dd(0.0729).
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6. CONCLUSION AND RECOMMENDATION

6.1. Conclusion

It was observed that in the population of Tagel secondary and preparatory school students in
the ABO blood group distribution showed that blood group O the first most frequent and
blood group A as the second most frequent blood followed by blood B while blood AB were
the less frequent blood in the total studied subjects. In case of Rh factor most of the studied
population had high frequency of Rh positive (having antigen) and low frequency of Rh
negative. This study provides information on the phenotypic, allelic and genotypic
frequencies of ABO and Rh blood groups. Blood group O in the studied population is most
predominant. The researcher believes that the result would serve as a reference for other

studies and future utilities in health planning and other needs.

6.2. Recommendation

Further studies with larger sample size, at different area are needed to investigate the

frequency distribution of ABO blood groups to make strong generalizations. .
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APPENDICES

Appendix 1: Consent form

My name is Birtukan Shumet | am a post graduate student in Bahir Dar University and 1 will
conducted research for the fulfillment of a master degree on the assessment of ABO and Rh
blood group type frequencies among students of tagel secondary and preparatory school.
Therefore conducting purposive cross-sectional study on this issue is very important. Knowing
the blood group of each individual essential to effective blood banking and safe transfusion
during any emergency, also it is important to avoid the problem related to blood group by
adjusting life style and medical care.

If you are volunteer to participate and will agreed with the written informed consent in this
study0.05ml blood will give. The venous blood will be used to identify the blood group type.
During this time the participants not gain any incentive or injury, of course during blood drawn
from the vein you may feel some minor pain and discomfort. Though this pain will lose after few
minute. But the participants who will involve in this study will have a chance to know their
blood type. Knowing blood group is important for blood transfusion during emergency. The
participants’ have full right to refuse or withdraw taking part in the study even they didn’t want

at the beginning or any time.

I have been wall informed that Bahir Dar University would like to have permission to the post
graduate students to carry out a study on assessing the ABO and Rh blood group type
frequencies among students of tagel secondary and preparatory school in simada woreda, south
Gondar zone, Ethiopia. The investigator verified me that there are no risks on blood sampling
procedure. As a result I am aware that the study requires about 0.05 ml of blood for blood group
type identification and done by careful procedure. My right to refuse or withdraw from the study
any time therefore | would like to approve that | have willingness to include this part by reading

and sign the form at the end.

1. lunderstand that the investigator has legal ethical clearance from Bahir Dar University.
2. lunderstand that the aim of the study.
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3. I understand that blood that taken from participants’ is without risk and only useful for
the study.

4. 1 understand that | am free to withdraw from the study.

5. I'am willing to fulfill any information for the successes of this study.

6. | understand that if 1 want to refuse from this study there is no any effect in schooling
processes.

7. lunderstand that | will not get any financial benefits from this study
| have been given enough time to think over before | signed this informed consent.
Therefore with full understanding of the situation, | will give my informed consent to

participate in this study.

Researcher signature date

Participant signature date

Thanks for your willing to participate!!
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Appendix 2: Amharic version consent form

POTIT PO
ao) P----

NC-ENT fhovt AQAAU-:NMVCSC LHICOA N&VLE-9°LF /0t Ndr-veot Tt
NEA  CUNTE & 914 TR CUNEE £ FIPUCET ACTHSPE TGP
OU-& Naohi-T AL AIFAU:: TGk PALT PLI° ALY NCH T 9°7 h1L7000A
00 TFU- 280A TGT AZ1LL7 LHCOA® LPLATA: &V TS T PhLI815%7
A@. £9° ALYt TIOF NL9° AN LH LINTANT NTenT169° AL hlhik: 9°F
PTG PO18av Ty M ALY ARP mSaL AgomNPS NHAL  L79°
AT NCTHS OFPF PLoo TN AZ9LLT7 LmPoIN: WANY ACOE 0L P51
(Y TS+ 0ATS 1T A h@-P+C A°AhF G 0.05 919.A, L9°
Neoamt A78 AT AN AMGPAU- Lov- PTILONLM. PLI° ALTTHT AavAPT
100 ACAER P70 Mt CTIE®9° WL avlB ATSIR U4 MAUPT NOFPC
AMA 182 AACIL@mA ACHL hHv 02T 19 1o 060 ootolavy APCER
L1040\

TAFLH@ MY TGT OATATL 9°79° ARYE TFIC P71LLCONT oo PG 9°79°
ARTE PTIHNG® Y PRARN £96 PAAD- oolPd ALIDNAY: NACTT
Tagdm L9° MTLam0F W TP PVood® G ASC LTAN  BUT ATE gU
vaod® ntont LdP LA LAPLIA: P°NIeEI° UNT 1IC Tred 0FeANE §
hger9° NhAT I8 0P 0B BhSOSASATES U9 (LY TS AT LOT PL9°
9L 17T @7 P7IOF 6N LIFAPLI° AGLIFTOT TNOF T L79° NLI9° AN
W CININVFPA G ALI® wlhwk 4017 CUr Phov DM U327 A%T0-Thhi
G MS@7 AaomNP LLESPA::

(LY TG FA3e@ hoo€avle9° U7 N5 09 1H AL hHv TG 407
POI0AN AG Coo@ AN ook PHmOd @

At PTGk O3S 200N NMWCSC LHCAL (LVL-9°Ld T/ NNT1-veOT
T SN MAPT PLI° ALY ACH T ATLIMG AATAP T4 PLAT o'}
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FLLFAV: ATAP L0 MCATOT AR 990 TFUC AIRIIL I T oo
ACITNNTAT: LU LT hANdAL ovlBPFT wG 0.05 1.4, L9 PL9°
ALTET AgoAf T ATFAU-:hHY OHeR2T4 @Mt ATLTLINOAT +L.07M TGk
PLAATGI® 1 NTIEF®9° Mh Wé-0F PO10N ook MNP oo
TLINMNGT N

NAHY O(HY TS+ Aovhebt L2850 ET P7LhhA®-? PO AN, N6.C71¢
he I 1MAY-:

—

. AT hauC SC LMCAE VIR 4928 CFAM@- o7 LT U
PTGE7 9097 AHTTHLLAV-:

PAT°II° TOAC PULONLD- PLI® Gov-G ATGE LADT ALY TLEFAU-::
WY TS hd.Ah ALCen, ao® TN ATLI°TA HLEFAU-:

ATG+E Ot ha't POLMNPD7 A91LLT oo L. PLE T

NP6t OAaod-td, °078t N HPVCE AL 9°79° FIC W7L912LCNNL%Y
+LLFAU-

7. WLV TG CTIHN TPOITPI° ATLTINTY AL LAV

2 T

(LY TGT AoATeE hoo@e L (4T NATGE AZS0N0TF 0E 2R A0T-REFA::
AALLY VA7 7IC NovlST OTGE Aoodtq loo-p- Al oo@b LT N6.C717
he I 1MAY-:

avlBm7 PIN0@ 00N (ATHP) 4.CoF 47

CTat: +Aagd 1001 4C71 +7

NG AaoAta (ALPS DA haoN 790U
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Appendix 3: Figure showing participation of students during blood test in wogeda health
center
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Appendix 4: Figure showing chemicals and materials used for ABO and Rh blood group

blood testing
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Appendix 5: Figure shows blood sample of the student
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Appendix 6: Documents of ethical clearance for BahirDar University




Appendix 7: Document for support scanned letter from south Gonder zone Simada

Woreda to Wogeda Health Center

Ref.No, .ty £ .
f \ 1
Date. . &/. 1 !/ | Ao

I'o BirtukanShumetNegash.
Issue: -giving ethical clearance and support letter for research

Application title:- ASSESSMENT OF ABO AND RH BLOOD GROUP FRElel(zjrx(l)([:dlESSOUTl_I
AMONG STUDENTS OF TAGEL SECONDARY AND PREPARATORY SCI ,

GONDER ZONE, ETHIOPIA.
DcPﬂ!‘lmmt:-biology programme:-MSc. In BiologyUniversity: - university of bahirdar .research
el{u’cs to ensure that the principles of justice, fespect and avoiding doing harm are upheld by
Using agreed standards. These basic principles are universal though there are ofcourse many

Subtleties and diversity and the contingent aspects of how principles are understood, interpreted
and Practiced can vary place to place. However, all variations tend to revolve around the
question of how to balance the interest of the individual with those of community and the goals

of the studjes.
nquiring research ethical clearance letter .Hence, our office have seen
go the study in accordance with full respect for

So here is an application i

Your application and has permitted you under,

dutonomy of participants. There for it is our pleasure if you help Mis BirtukanShumet in any
- our office require to the final research result to use it in future health

aspects related to this study,

planning.
WithKind regards
=C//

> To wogeda health center

MMD&\MN

sgeda
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