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Abstract

ABO and Rhesus blood groups influence the prevalence of some diseases and can be used as
a management strategy. However, the association varies geographically, necessitating the need to
establish the nature of the association in every locality. This study determined the distribution of
ABO and Rhesus blood groups and their susceptibility to malaria, typhoid, and hepatitis B among
students of Federal University Birnin-Kebbi, Nigeria. Demographic data of 1,005 participants
(575 females and 430 males) were obtained using questionnaires, after which their health records
were obtained from some medical facilities in the city. The results showed that 97% of the
participants were Rhesus positive. Group O was the most prevalent among the ABO blood groups
(45%), followed by B (21%), A (19%), and AB (15%). Malaria was more prevalent among group
O carriers (49%), followed by AB (20%), A (19%), and B (12%). Among participants with recurrent
typhoid, O was the most prevalent (48%), followed by B (22%), AB (16%), and A (14%). Hepatitis
B was dominant among group O individuals (45%), followed by B (35%), AB (20%), and A (0.0%).
Moreover, 94, 88, and 91% of the participants that expressed malaria, typhoid, and hepatitis B,
respectively, were Rhesus positive. The results indicate that ABO group O and Rhesus positive
antigen carriers in the institution were more susceptible to the diseases. As such, carriers of the blood
groups in the institution should pay more attention to the diseases.
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Introduction

Many diseases, including malarial fever, typhoid
fever and hepatitis B remain a global health burden,
especially in developing nations. Malaria is caused
by five Plasmodium species, of which Plasmodium
falciparum and Plasmodium vivax pose the greatest
risk (WHO, 2013). P. falciparum is the most

virulent and responsible for the majority of deaths
(WHO, 2013). In 2018, almost 228 million people
worldwide had malaria, causing 405,000 deaths,
most of which occurred in Africa (Nureye and
Assefa, 2020). Typhoid fever is a waterborne
disease caused by Salmonella typhi (Crump, 2019).
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At the minimum, 14.3 million people worldwide
expressed typhoid and paratyphoid fevers in 2017,
resulting in about 139,000 deaths, mostly in low-
income countries (Stanaway et al., 2019). Hepatitis
B virus causes both acute and chronic diseases of the
liver. In 2015, 257 million people worldwide had
chronic hepatitis B infection, resulting in about
887,000 deaths (WHO, 2020). Definitely, more
need to be done to reduce the burden of these
diseases.

Fortunately, some studies revealed that certain
blood groups influence susceptibility to some
diseases, and can be used to predict and manage the
diseases. There are over 30 human blood group
systems, of which the ABO and Rhesus blood group
systems are the most important in clinical
applications (Tekade et al., 2011). The ABO blood
group system is controlled by a gene on chromosome
9 known as ABO gene or immunoglobulin denoted
by letter ‘I’ (Zahid et al., 2016). The gene has three
alleles, which are A, B, and O alleles (14, 1B and i
alleles). The A and B alleles produce slightly
different glycoproteins (antigens), named antigen
A and B, respectively, while O allele produces none.
The 1” and IB alleles are codominant and are both
dominant over O allele, which is recessive (Murphy
et al., 2003). Blood groups are hereditary, and an
individual’s ABO blood phenotype depends on the
antigen on the surface of red blood cells, tissues,
body fluid, and other vascular structures (Franchini
and Maria, 2013). Thus, antigen A means group A,
antigen B (group B), a combination of both antigens
(group AB), and absence of both antigens (group O)
(Zahid et al., 2016). In all, there are four blood
phenotypes (A, B, AB, and O) from six allelic
combinations (genotypes) (Khalid et al., 2013). The
six genotypes are OO (type O), OA (type A), OB
(type B), AA (type A), BB (type B), and AB (type
AB) (Khalid et al., 2013). In the Rhesus blood group
system, there are over 50 antigens but the main
Rhesus antigens of medical importance are D, C, E,
¢, and e (Gundrajukuppam et al., 2016). Individuals
possessing a Rhesus antigen are said to be Rhesus
positive while those lacking the antigens are Rhesus
negative (Jahanpour et al., 2017). When someone
that is negative received Rhesus positive blood,
a potentially fatal hemolytic reaction will occur due
to the production of antibodies (Jahanpour et al.,
2017).

ABO and Rhesus antigens can be used in
population genetics to study migration pattern,
inheritance of traits, paternity, crime, among others
(Jahanpour et al., 2017). ABO blood group is also
important in determining compatibility between
donors and recipients in blood transfusions and
organ transplantation (Jahanpour et al., 2017).
Studies also linked certain ABO blood phenotypes

with the occurrence of some diseases (Anstee,
2010). For example, stomach ulcer is more common
among individuals with type O, while gastric cancer
is more common among group A individuals (Dean,
2005). Studies have also reported an association
among ABO blood groups and the diseases under
current investigation. In a study by (Otoikhian and
Okoror, 2012), blood group O individuals were the
most susceptible to typhoid fever, while AB was the
least. In another study by (Zerihun et al., 2011),
individuals of blood groups A, B and AB were more
susceptible to P. falciparum infection as compared
with individuals of blood group O. (Oladele et al.,
2020) also reported that type O individuals could be
more susceptible to hepatitis B infection.

Overall, these show that ABO and Rhesus
blood groups can provide preliminary data for
managing an individual’s health as well as
determine most prevalent diseases in a population.
However, the distribution of ABO and Rhesus
antigens varies globally, even among ethnic groups
(Fufa and Debelo, 2019). Therefore, to effectively
use ABO and Rhesus blood systems to predict and
manage diseases, there is a need to determine the
distribution of the blood groups in the population.
To the best of our knowledge, such a study has not
been conducted in Birnin Kebbi, Nigeria.
Furthermore, the few studies that were conducted in
neighboring states did not determine the
susceptibility or otherwise of the blood groups to
diseases. This study, therefore, determined the
distribution of ABO and Rhesus blood phenotypes
and their susceptibility to malaria fever, typhoid
fever, and hepatitis B among students of Federal
University Birnin Kebbi, Nigeria.

Materials and Methods

Description of the Study Site

This study was carried out at the permanent
site of Federal University Birnin Kebbi, Nigeria
(FUBK). The university is multiethnic, comprising
Hausa, Fulani, Yoruba, Nupe, and Igbo, among
other tribes. Most of the students of the institution
are native or resident in the state, while some others
came from neighboring states. The multiethnic
nature of the institution informed its choice as the
study area. The university was established in 2013
with its permanent site along Kalgo-Bunza Road,
Birnin Kebbi. Birnin Kebbi is the capital of Kebbi
State and headquarters of Gwandu Emirate on
latitude 12° 27' 57.8808" N and longitude 4° 11'
58.2864" E (YYahaya et al., 2019). The indigenous
people of the state, mainly Hausa, Fulani, and Zuru
are predominantly cereal farmers and animal
breeders. The vegetation of the state comprises
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a mixture of grasses and sparse trees, characteristics
of Sudan Savannah. The climate is mainly dry,
occurring between October and May, and the
remaining months are wet. The average annual
rainfall is 740 mm, while the temperature may be as
high as 41°C and as low as 15°C (Amusuk et al.,
2016). Infectious diseases such as malaria, typhoid,
and hepatitis B are prevalent in the state (Amusuk
et al., 2016), which could be a consequence of the
high population of mosquitoes and scarcity of
potable water in the area.

Study Population and Data Collection

Federal University Birnin Kebbi (FUBK) is
heterogeneous, comprising students with different
backgrounds, tribes, sexes, and ages, among other
indices. The population of the study was 5,100
registered students of the university. A multi stage
sampling procedure was used to select the sample
for the study. First, stratified random sampling was
adopted to put the students into two strata (male and
female). Then, purposive sampling was used to
select 1,005 (575 females and 430 males) that
indicated interest across the school. After given
informed consent, each participant was given a copy
of the researchers’ designed 4-point Likert scale
structured questionnaire to indicate sex, ethnicity,
and medical facility used in the city. To ascertain the
reliability of the instrument, a trial testing of the
instrument (pilot study) was done with 50 students
who were not part of the sampled respondents.
A cronbach alpha reliability co-efficient of 0.78 was
obtained for the questionnaire and this was high
enough to justify its use for data collection for this
study. Thereafter, the health records and ABO blood
groups of the participants were checked in the health
facility used by each participant in the city as
indicated on the questionnaires.

Criteria for Selection of Participants
Criteria considered for selection of participants
for the study include:
* Must be willing to participate.
* Must be a student of FUBK.

* Must have done their ABO blood group test
and health status in Birnin Kebbi for easy
confirmation.

* Individuals that gave consent to check their
health records and blood groups.

Ethics Approval and Consent to Participate

The study was approved by the Ethics
Committee of Federal University Birnin Kebbi,
Nigeria. A written consent was also obtained from
the participants before recruitment into the study.
Guidelines for teaching and research as outlined by
the Committee were strictly followed in the course
of the research.

Data Analysis

Descriptive statistics were used to present data
as numbers and percentage. The graphs were drawn
using Minitab software version 7.0.

Results and Discussion

Distribution of ABO Blood Groups among
Ethnic Participants in FUBK

Table 1 shows the distribution of the ABO
blood groups among ethnic groups in FUBK. Blood
group O was the most common among Hausa males
and females, followed by B, AB, and A,
respectively. Group O was also the most common
blood group among the Fulani participants, followed
by B, A, and AB among males, as well as A, AB,
and B among females, respectively. Among the
Yoruba females, A was the most common, followed
by O, AB, and B, while in the males, B was the
highest, followed by O, A, and AB, respectively.
Among the Nupe females, group A was the most
prevalent, followed by AB, O, and B, while among
the males of the tribe, B was the most frequent
followed by O, A, and AB, respectively. Group O
was the commonest among Igbo females, followed
by B, A, and AB, while among the males of the tribe,
O was common, followed by A, B, and AB,
respectively. There were not enough participants to

Table 1. Distribution of ABO blood groups among ethnics in FUBK

Females Males
Ethnic A B AB A B AB O
n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)
Hausa 30(14.3) 50(23.8) 35(16.7) 95(45.2) 25(10) 65(26) 35(14) 125(50)
Fulani 30(26.1) 10(8.7) 20(17.4) 55(47.8) 10(15.4) 25(38.5) - 30(46.2)
Yoruba 50(40) 10(8) 25(20) 40(32) 5(12.5) 20(50) 5(12.5) 10(25)
Nupe 20(36.4) 20(36.4) 15(27.3) 5(12.5) 5(12.5) 20(50) 10(25)
Igbo 10(28.6) - 25(71.4) 5(25) 5(25) - 10(50)
Badakare - - 5(100) - 5(50) 5(50) -
Tiv 5(33.3) 10(66.7) - - - -
Kambari 5(100) - - -
Bussa - 5(100) - 5(100)
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draw inferences on Badakara, Tiv, Kambari, and
Bussa tribes. Overall, 19, 21, 15, and 45% of the
participants were Group A, B, AB, and O,
respectively (Figure 1). These show that group O
was the most prevalent ABO blood group among
FUBK students, followed by B, A, and AB (O > B
> A > AB). This result is consistent with (Chima
et al., 2012) who reported O > B > A > AB order of
prevalence in northwest, Nigeria, same zone as the
current study. The result is also consistent with
(Sharmaetal., 2013; Etimetal., 2017) who reported
O > B > A > AB order of prevalence in Adamawa,
northeast Nigeria, and in India, respectively.
However, the results is inconsistent with the
findings of (Anifowoshe et al., 2017) who observed
more group A blood than B among blood donors in
southwest Nigeria, resulting in O > A > B > AB
order of prevalence. Similarly, (Apecu et al., 2016)
also reported more group A than B among
Ugandans, resulting in the order of O > A > B > AB.
The dominance of group O blood over other blood
groups in this study might be influenced by natural
selection. According to (Cheng et al., 2005),
environmental triggers such as diseases or disorders
may influence natural selection to favor or hinder
the expression of certain ABO blood groups in the
populations. This implies that natural selection may
favor a blood type that is protective or resistant to an
unfavorable condition, while a less resistant blood
type will be less successful. (Fufa and Debelo, 2019)
stated that the global dominance of O blood group
indicates an evolutionary success, owing to its
fitness in certain environmental triggers such as
diseases. However, another school of thought also
suggests that type O blood is more common because
it is the ancestral ABO blood form (Cserti and Dzik,
2007). This claim was corroborated by a DNA
sequence analysis which dates the emergence and
development of the group O allele to a period of
evolution before humans migrated out of Africa
(Cserti and Dzik, 2007; Villazon, 2020) suggests
that A and B mutations appeared in the last 20,000
years and have not spread as much as O in the
population.

Occurrence of Malaria Among Various ABO
Blood Groups

Table 2 reveals the prevalence of malaria
among the ABO blood groups. Group O was more
common among the female participants with
malaria, followed by A, B, and AB in that order (O
> A >B > AB). Group O was also the most prevalent
blood group among the male participants, followed
by AB, and followed jointly by A and B (O > AB >
A and B). Taken together, 48% of the participants
that expressed malaria were group O, 20.8% were
AB, 17.6% were A, and 13.6% were B (Figure 2).

This shows that malaria was more prevalent among
group O individuals, followed by AB, A, and B,
respectively (O > AB > A > B). This result is
consistent with some earlier studies conducted in the
country, including (Onanuga and Lamikanra, 2016;
Abah et al., 2016). However, it contradicts some
other studies in the country such as (llozumba and
Uzozie, 2009; Oche and Aminu, 2012) reported
more group AB among malaria patients. It also
contradicts (Moise and Robert, 2017) who reported
more malaria incidence among blood groups A and
B in Bauchi State, Nigeria. Outside Nigeria, the
result contradicts (Cserti and Dzik, 2007) who
reported a high prevalence of malaria among blood
group O donors in Ethiopia compared to those with
other ABO blood groups. Additionally, the result is
inconsistent with (Panda et al., 2011) who reported
a high prevalence of group A among malaria
patients in Odisha, India. These inconsistencies
show that the association between ABO blood groups
and malaria prevalence varies geographically.

4
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Figure 1. Prevalence of ABO blood groups among

FUBK participants

Figure 2. Prevalence of ABO blood groups among
FUBK participants with frequent malaria

uency (

Table 2. Distribution of ABO blood groups among
FUBK participants with recurrent malaria

fever
A B AB o)
Gender o, n(%) n(%) (%)
Females  80(26.7) 55(18.3) 35(11.7) 130(43.3)
Males  30(9.2)  30(9.2) 95(29.2)  170(52.3)
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However, group O blood is more common among
malaria patients in malaria-endemic regions,
including Nigeria, than in non-endemic areas (Lemu
et al., 2017). According to (Cserti and Dzik, 2007),
selective genetic pressure from infection might have
influenced the distribution of blood groups and
preference for group O in the region. The dominance
of group O could indicate its resistance or protection
from malaria, a selective advantage (Fufa and
Debelo, 2019). Antigens of groups A and B enhance
cytoadherence of parasites, but erythrocytes of
group O lack antigens (Fufa and Debelo, 2019).
Hence, cytoadherence and rosetting by P. falciparum
(most prevalent malaria parasite) are reduced in
individuals with group O (Fufa and Debelo, 2019).
Thus, chronic malaria is likely to be less prevalent
among group O compared to group A and B
individuals (Fufa and Debelo, 2019). Furthermore,
the lack of cell adherence by erythrocytes of group
O results in low parasitaemia compared to the other
blood groups (Afoakwah et al., 2016). This may
give group O individuals with complicated malaria
a survival advantage over other blood groups with
complicated malaria (Afoakwah et al., 2016).
Moreover, while the immune systems of group A
blood develops antibodies for B antigen and group
B have antibodies for A antigen, group O has
antibodies for both, and AB group has none
(Mangin, 2020). Thus, in the ABO blood group
system, group O blood is the richest in antibodies
(Mangin, 2020), which, in part, could be the reason
group O blood protects against certain microbial
infections. Some other scientists suggest that the
protein of group O blood is tasty and more
appetizing to mosquitoes, thus group O individuals
are more pestered than other people. In a study
conducted at the Institute of Pest Control Technology,
mosquitoes significantly landed on the skin of group
O individuals compared to other blood groups
(Mosquito Squad, 2015). In a related study by
(Wood, 1974; Prasadini et al., 2019), mosquitoes
landed more on group O blood than other blood
groups.

Occurrence of Typhoid Fever Among Various
ABO Blood Groups

The frequency of typhoid fever among the
ABO blood groups is shown in Table 3. Group O
was the most common blood group among the
female participants with typhoid fever, followed by
AB, and followed jointly by A and B. Among the
male participants with typhoid fever, groups O and
B were jointly the most prevalent, followed jointly
by A and AB. Overall, group O was the most
prevalent blood group among the participants with
typhoid fever (46.3%), followed by B (22%),
AB (17.8%), and A (14.6%) (O > B > AB > A)

(Figure 3). This result is in line with (Aniashi et al.,
2019) who reported O > B > AB > A order of
prevalence among typhoid fever patients in Cross
Rivers State, Southsouth, Nigeria. However, the
result is inconsistent with a study conducted in the
Southwest, Nigeria, by (Adias et al., 2010) in which
group A blood was the most abundant after group O.
The result also contradicts (Banik et al., 2018) who
reported a higher prevalence of group B blood than
other blood groups among typhoid patients in
Bangladesh. These contrasting results showed that
the relationship between typhoid fever prevalence
and ABO blood groups depends on the geographical
locations. There is a dearth of literature on the
mechanisms by which ABO blood groups protect or
dispose to typhoid fever. However, (Aniashi et al.,
2019) suggest that foreign agents (antigens) like
Salmonella typhi (the causative agent of typhoid
fever) may resemble the blood antigen antagonizes
by group A or B blood, causing the immune system
of the carriers to respond negatively, destroying
tissues and organs. On the other hand, group O lacks
any antigen and so may not induce any immune
response or provides surface adherence to
Salmonella typhi.

Frequency %

Figure 3. Prevalence of ABO blood groups among
FUBK participants with frequent typhoid

Table 3. Distribution of ABO blood groups among
FUBK participants expressing typhoid fever

A B AB 0

Gender n(%) n(%) n(%) n(%)

Females  15(13)  15(13)  20(17.4) 65(56.5)
Males  15(16.7) 30(33.3)  15(16.7) 30(16.7)

Occurrence of Hepatitis B Among Various ABO
Blood Groups

Table 4 shows the prevalence of hepatitis B
among the ABO blood groups. Hepatitis B was more
common among the female participants with B
blood, followed by O, AB, and A, respectively.
Among the male participants, hepatitis B was more
frequent among individuals with group O, followed
jointly by B and AB, and then A, respectively.
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Overall, hepatitis B was more common among
group O individuals (42.9%), followed by B
(35.7%), AB (21.4%), and A (0.0%) (Figure 4). This
result is consistent with (Oladele et al., 2020), who
reported a higher prevalence of group O blood
among hepatitis B patients than non-O blood groups
in Lagos, Nigeria. The result is also in line with
a meta-analysis comprising 38 articles and 241,868
hepatitis B patients, but group B was the least
frequent in the study (Jing et al., 2020). However,
the result contradicts a study conducted in Turkey
by (Genc, 2017) in which group A was the most
frequent, followed by O, B, and AB. These
inconsistencies suggest that the relationship
between hepatitis B prevalence and ABO blood
groups may be influenced by geographical
locations. However, in hepatitis B endemic areas,
group O is more common and less frequent among
group B (Jing et al., 2020). The dominance of group
O blood in endemic areas may be protective.
According to (Batool et al., 2017), group A
increases the severity of hepatitis B, while group O
may be protective. The protective effects of group O
may be connected with the lack of surface antigens
explained earlier. Additionally, it may be connected
with abundant antibodies expressed by group O
blood compared to non-O blood groups.

Distribution of Rhesus Blood Groups Among the
FUBK Participants

The distribution of Rhesus blood groups
among the participants is shown in Table 5. Of the
total FUBK participants, 89% were Rhesus positive
(Rh +ve), while 11% were Rhesus negative (Rh —
ve). Among the participants that had recurrent
malaria, 86% were Rh +ve, while 14% were Rh —ve.
Of the participants that frequently experienced
typhoid fever, 89% were Rh +ve, while 11% were
Rh -ve. Among the participants that were hepatitis
B positive, 81% were Rh +ve, while 19% were
Rh -ve. These results are consistent with most of the
studies conducted on the subject in Nigeria and
many other countries. For instance, (Chima et al.;
2012) reported a high prevalence of Rh +ve among
blood donors in Kano, northwestern Nigeria. (lyiola
etal., 2012) also reported more Rh +ve among blood
donors in southwest Nigeria. Outside Nigeria, in the
United Kingdom and Tanzania and among the black

Figure 4. Prevalence of ABO blood groups among
hepatitis B positive FUBK participants

Table 4. Distribution of ABO blood groups among
hepatitis B positive FUBK participants

Gender A B AB O
n(%) n(%) N(%) n(%)
Females - 15(50) 5(16.7) 10(33.3)
Males - 10(25) 10(25) 20(50)

Americans and Caucasians, Rh +ve is also prevalent
(Jahanpour et al, 2017; NHS, 2020). The
dominance of Rh +ve has also been reported among
subgroups of human populations. In particular,
(Singh et al., 2015; Bamou and Sevidzem, 2016)
reported a high prevalence of Rh +ve among malaria
patients in India and Cameroon, respectively.
(Batool et al., 2017; (Oladele et al., 2020) also
reported a high prevalence of Rh +ve among
hepatitis B patients in Pakistan and Lagos, Nigeria,
respectively. Notably, in all the mentioned studies,
the prevalence of Rh +ve was above 80%. Overall,
the results of the present and past studies revealed
the global dominance of Rh +ve over Rh -ve.
Unfortunately, there is a scarcity of mechanistic
information for this occurrence. However, selection
pressure could have favored Rh +ve allele and
passed down to the present generation.

Recommendations
Based on the findings of the present study, the
following suggestions are proposed:

e The school’s blood bank should contain
more group O blood as it is the most prevalent blood
group among the students of the school.

e Type B and AB individuals expressing

Table 5. Distribution of Rhesus blood groups among FUBK participants

Diseases Female (%) Male (%) Total Positive (%)
+ve-ve +ve-ve +ve
Total Selected 550 (96) 5 (4) 420 (98) 10 (2) 970 (97)
Malaria 280 (93) 20 (7) 310 (95) 15 (5) 590 (94)
Typhoid 101 (88) 14 (12) 80 (89) 10 (11) 181 (88)
Hepatitis B 27 (10) 3 (10) 37(93)3(7) 64 (91)
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malaria fever, typhoid fever, and hepatitis B should
seek medical assistance timely as they are highly at
risk of developing severe or complicated conditions.

e There is a need to create a public
awareness among the students of the school on the
association between ABO blood groups and the
prevalence and severity of malaria fever, typhoid
fever, and hepatitis B.

e Similar studies should be carried out to
cover some other diseases.

Conclusions

The results showed that ABO blood group O was the
most prevalent among the participants, followed by
B, A, and AB, respectively (O > B > A > AB).
Rh +ve was also the most dominant Rhesus blood
group among the participants. Moreover, variations
were observed in the blood groups distribution along
ethnic and gender lines, suggesting that the ethnic
groups had been subjected to different environment-
induced selection pressure. Mechanistic patterns
were also observed between the blood groups (ABO
and Rhesus) and the prevalence of malaria, typhoid,
and hepatitis B. The majority of the individuals
expressing these diseases are Rh +ve and ABO
group O. These show that selection pressure must
have favored Rh +ve and group O and are thus
passed down to the present population. The success
of group O may be connected to its lack of antigens,
thus it may not bind parasites or induce a negative
immune response. Researchers and health workers
may use these results as primary data to formulate
health policies in the study areas. However, more
studies particularly involving larger populations are
needed to ascertain our claims.
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