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Abstract

Malaria is a life-threatening disease that is
common in both tropical and subtropical regions
of the world. This study investigated the
association between ABO and Rh blood groups
with malaria parasitaemia in Sokoto, Nigeria. A
total of 221 blood samples were collected from
subjects presenting with fever and suspected of
having malaria infection using standards
methods. Malaria parasite was identified by
peripheral smear (thick film) and blood grouping
was determined by forward and reverse grouping
methods. Out of two hundred and twenty- one
(221) subjects studied, 127 subjects were
positive for malaria parasite. The distribution of
ABO blood groups among the malaria
parasitized subjects indicated that 36 were group
A, 29 group B, 53 group O and 9 were group AB.
The results of Rh blood group among the malaria
parasitized subjects indicated that 33 were A+,
28 group B+, 9 group AB+, 47 group O+ and 3
group A-, 1group B-, 0 group AB- and 6 group O-
respectively.  There was no statistically
significant difference between ABO and Rh
blood groups with malaria parasitaemia in
Sokoto. Male subjects had the highest malaria
prevalence of 72 (56.7%) compared to female
subjects 55 (43.3%). Study subjects within the
age group of 1-5 years had the highest prevalence
rate of 44 (34.7%), while those between 36-40
years had the least prevalence rate of 3 (2.4%).
Subjects with no formal education had the
highest prevalence rate of 53 (41.7%), while the
least prevalence rate was recorded among
subjects educated to tertiary level 15 (11.8%).
The highest prevalence of malaria positive
subjects was observed among blood group O
positive individuals followed by A positive, B

positive and AB positive. This study shows that
blood group O positive individuals are more
susceptible to malaria infection. The prevalence
of malaria is higher among male and poorly
educated subjects with no formal education.
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Introduction

The ABO blood group groups system was first
discovered in 1900 by Landsteiner (Avent and
Reid, 2000; Greenweel, 1997). The ABO gene is
located on the long arm of the ninth human
chromosome (Al-Arrayed et al., 2001). ABO
blood group is divided into four major blood
groups namely A, B, AB, and O group antigens
present on the surface of their red blood cells
(Conteras and Lubenko, 2001). All human
population share the same ABO blood group
system inherited from common ancestor but they
differed by their frequency (Jorde and Wooding,
2004). Genotypic and phenotypic frequencies
depend on the frequency of the alleles and
mating. These vary among different race which
furnish interesting question in population
studies, anthropology and human genetic disease
(Chakraborty, 2011).

The Rhesus factor is clinically the most
important protein-based blood group system,
with 49 antigens so far described. It is the largest
of all 29-blood group systems, among which the
five most important have been described (D, C, ¢,
E, e). The unusually large number of Rhesus
antigen is attributable to its complex genetic
basis. The antigen proteins are located on two
Rhesus protein-RhD and RhCE. Unlike proteins
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of other blood groups, Rhesus proteins are
expressed only in the membranes of red blood
cells and their immediate precursor (Flegel et al.,
2003). Also, the human red blood cells that carry
antigen D which is the most clinically significant
may be either Rhesus positive (Rh+), while those
without it are Rhesus negative (Rh-) (Conteras
and Lubenko, 2001).

Malaria is caused by an obligate intracellular
protozoan parasite of genus plasmodium of the
four species that infect human (plasmodium
falciparum, plasmodium vivax, plasmodium
ovalae, plasmodium malariae). P.falciparum is
responsible for high mortality (Pathirana et al.,
2005). Despite the high morbidity and mortality,
certain individuals living in malaria endemic
regions appears relatively protected compared to
those who suffer frequent severe malaria attacks.
Resistance to malaria infection is dependent on
the development of an immune response by the
host and to a varying extent, on a certain innate
characteristic possessing protective value
against infection (Cserti and Dzik, 2007).

Since the discovery of blood group, there have
been enormous efforts to elucidate a possible
association between ABO and Rh blood groups
and different relationally-enriched disease. The
virulence of P. falciparum has been associated
with the capacity of the infected red cell to
adhere to uninfected red blood cells leading to
rosetting of cells (Carlson et al., 1990). Blood
group antigen A and B are trisaccharide attached
to a variety of glycoprotein and glycolipid on the
surface of erythrocytes and this are thought to act
as receptors for uninfected erythrocytes and bind
to parasite rosetting ligand such as PFEMP-1 and
sequesterin (Martin et al., 1979). However,
blood group antigen A and B are not expressed in
blood group O individuals. A rosette formed by
blood group A or B erythrocyte (Daniel, 2005).
Previous studies have implicated the blood
group type in rosetting (Thakur and Verma,
1992). Clinical report of ABO blood and P
falciparum infection reveals a correlation
between disease severity and ABO blood group.
However, several studies carried out were
unable to link ABO blood groups to the incidence
of malaria or to the repeat attacks of malaria
(Singh et al.,2015; Facer and Brown,
1971).Hence, results of more studies on malaria

parasitaemia in different parts of the country
would be needed before a more definite
statement on the apparent trend could be made
(Ilozumba and Uzozie, 2009).

Materials and Methods

Study Area

Sokoto state, which is in the extreme Northwest
of Nigeria between longitude 05° 11" to 13° East
and latitude 13° 00! to 13° 06! North. The state
shares borders with the Republic of Niger to the
North, Kebbi to the West and Southeast and
Zamfara to the East. The state covers a land area
of about 60.33km?, and based on 2006 census,
the state had a population of 3,696,999. Sokoto
state has an annual average temperature of 28°C
(82.9°F). Sokoto is, on a whole, a very hot area.
However, maximum daytime temperatures are
most of the year generally under 40°C (104.0°F).
The warmest months are February to April when
daytime temperature can exceed 45°C (113.0°F).
The rainy season is from June to October during
which showers are a daily occurrence, although
rarely last long compared to that of the wet
tropical regions. There are two major seasons;
wet and dry which are distinct. The indigenous
inhabitants of the area are the Hausas and
Fulanis. Other ethnic groups resident in the area
include Igbo, Yoruba, Ebira, Igala, as well as
Buzus from the neighboring Niger Republic.
Hausa is the commonly spoken language.
Farming and crop production are the major
occupation of the people living in the study area.
Major crops grown include millet, sorghum,
groundnut, cowpea and tobacco. Livestock
reared include cattle, sheep, goat, donkey, camel,
horses and poultry.

Study Population

The study consists of 221 subjects that presented
Sokoto Specialist Hospital with fever. They were
tested for malaria infection using Thick blood
film light microscopy method.

Inclusion Criteria

All consenting individuals presenting with fever
and suspected of having malaria infection were
recruited as subjects for this study.

Exclusion Criteria
All subjects presenting without fever and not
suspected of having malaria and those not
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willing of giving a verbal informed consent were
excluded from the study.

Sample Size Determination
The sample size for the study was determined
using the standard formula for calculation of
minimum sample size.
n=(Z’Pq)/d’
Where:n =the minimum sample size

Z = the standard normal deviate, usually
set at 1.96, which corresponds to the 95%
confidence and P= the current prevalence rate of
malarial parasitaemia is 17.5% (0.175) (Nmadu
etal., 2015).
q=1-p
d=degree of accuracy desired, usually set at 0.05
n=1.96"x0.175(1-0.175)/0.05°
n=3.8416x0.175x0.825/0.0025
n=0.55/0.0025
n=221
The calculated sample size=221

Study Design

This was a cross-sectional study that
investigated the association between malaria
parasitaemia and ABO and Rhesus D group
among 221 consecutively recruited subjects
presenting to Sokoto Specialist Hospital with
fever and suspected of having malaria.

Ethical Approval

The ethical approval for this research was
obtained from the Ethics and Research
committee of Sokoto State Specialist Hospital,
Sokoto.

Informed Consent

Written informed consent for inclusion into the
study was obtained from each participant using a
standard inform consent form.

Questionnaire

At the point of enrolment, a standard
interviewer- administered questionnaire was
used to collect the subject's socio-demographic
and other bio-data.

Sample Collection

Two milliliters of venous blood were collected
by venipuncture using aseptic technique from
each subject. The blood was dispensed into
Ethylene-Diamine-Tetra-acetic-Acid (EDTA)

container, it was properly mixed by standard
method and labeled appropriately.

Laboratory Methods

Thick blood film

Thick blood films are prepared and stained with
Giemsa stain, which contains essential azure B
and eosin dyes, according to method described
by (Cheesbrough, 2005).

ABO and Rh Blood Group Typing

The ABO and Rh blood group of each subject
was determined using cell grouping Antisera
(Agappe Diagnostic Ltd, India), using a slide
method, according to method described by
Cheesbrough (2005).

Principle of the method

The ABO antigens are primarily glycolipids
which are found on the surface of human red
blood cells as well as in association with other
body tissues. The forward typing antigen-
antibody reaction results in visible agglutination
of red cells determining the A, B and AB. No
agglutination with anti-A, anti-B, determines the
group O (Arlington, 1985).

Statistical Analysis

The data collected was analyzed using Statistical
Package for Social Sciences (SPSS) windows
version 21. The association between Malaria
parasitaemia and ABO and Rhesus D blood
group was determined using Chi Square
analysis. The percentage was also determined
and the results were presented in tables. A p-
value of < 0.05 was considered statistically
significant.

Results

A total of two hundred and twenty-one (221)
subjects presenting to Sokoto Specialist Hospital
with fever and suspected of malaria infection
were recruited into the study. Out of the 221
subjected screened, a total of 127 individual
tested positive for malaria parasitaecmia given a
prevalence rate of 57.5%. Table 1 shows the
distribution of ABO blood group in association
to malaria parasitaemia. The distribution of ABO
blood group among subjects infected with
malaria parasite indicated that blood group O
subjects recorded the highest prevalence rate of
53 (41.7%), followed by blood group A 36
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(28.4%), then blood group B 29 (22.3%). The
least prevalence rate was recorded among blood
group AB 9 (7.1%). There was no statistical
significance difference between ABO blood
group and malaria parasitaemia (p>0.05). Table
2 shows the distribution of Rhesus D blood group
in association to malaria. The distribution of Rh
D blood group among subjects infected with
malaria parasite showed that the prevalence rate
was highest in blood group O Rh positive 47
(37.0 %), followed by blood group A Rh positive
33 (26.0%). While the least prevalence rate was
recorded among blood group B Rh negative 1
(0.8%) and none was recorded among AB Rh
negative 0 (0.0%). There was no statistical
difference between Rh blood group and malaria
parasitaemia (p>0.05).

Table 3 shows the distribution of malaria
parasitaemia based on the gender of the subjects.

The prevalence rate was highest among males
72(56.7%) while the least was recorded among
females 55 (43.3%). Table 4 shows the
prevalence of malaria parasitaemia among
different age groups. Individuals within the age
group between 1-5 years had the highest
prevalence rate of 44 (34.7%), followed by 6-10
years with 25 (19.7%), while the least prevalence
rate was recorded among the age group between
36-40 years 3 (2.4%). Table 5 shows the
prevalence of malaria parasitaemia in relation to
educational status. The prevalence of malaria
parasitaemia in relation to educational status
showed that the highest prevalence rate was
recorded among subjects with no formal
education 53(41.7%), followed by primary
education 37(29.2%) while the least prevalence
was observed among subjects educated to
tertiary level 15 (11.8%).

Table 1: The Distribution of ABO blood group in association to Malaria Parasitaemia

ABO Blood Total No.of Malaria Malaria Percentage (%) p-value
Group Subjects negative Positive

A 60 24 36 28.4 >0.05
B 53 24 29 22.8

AB 13 4 9 7.1

0) 95 42 53 41.7

Table 2: Distribution of Rhesus D Blood group in association to Malaria among Study Subjects

Rhesus D Total No. of Malaria Malaria Percentage % p-value
blood group  samples negative positive

A Positive 53 20 33 26.0 >0.05
A Negative 7 4 3 2.4

B Positive 49 21 28 22.0

B Negative 4 3 1 0.8

AB positive 11 2 9 7.1

AB negative 2 2 0 0.0

O positive 87 40 47 37.0

O negative 8 2 6 4.7
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Table 3: Distribution of Malaria Parasitaemia based on Gender

Gender Malaria infected Percentage (%)
Male 72 56.7
Female 55 433
Total 127 100

Table 4: Prevalence of Malaria Parasitaemia among different Age group

Age (Years) Frequency of Percentage (%)

malaria

infected

individuals
1-5 44 34.7
6-10 25 19.7
11-15 15 11.8
16-20 5 39
21-25 10 7.9
26-30 10 7.9
31-35 5 3.9
36-40 3 2.4
41-45 6 4.7
46 and above 4 3.1

Table S: Prevalence of Malaria Parasitaemia in Relation to Educational Status of the Subjects

Educational status Malaria positive Percentage (%)
Non- formal education 53 41.7
Primary 37 29.2
Secondary 22 17.3
Tertiary 15 11.8
Total 127 100
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Discussion

The present study was carried out to determine
the association between the ABO and Rh D blood
groups with malaria infection among study
subjects. Out of two hundred and twenty-one
(221) subjects tested for malaria parasite, one
hundred and twenty-seven (127) subjects were
positive for malaria. This study showed that the
incidence of malaria infection was generally
higher in blood group O (41.7%) than blood
group A (28.3%), B (22.3%) and AB (7.1%)
respectively. We observed that there was no
statistically significant association between
malaria parasitaemia and ABO blood group (p >
0.05). Our finding is contrary to the findings of
Pathirana et al. (2005) in research conducted in
Sri Lanka which reported that there was low
percentage of blood group O (23.8%) and higher
percentage of blood group A (32.5%) patients
with severe malaria as compared to those with
other blood groups. Our observation is possibly
due to the fact that majority of the study subjects
were blood group O. This study also shows that
maximum number of malaria cases was recorded
among blood group O positive (37.0%),
followed by blood group A positive (26.0%), B
positive (22.0%) and AB positive (7.0%) and
least in blood group B negative (0.8%). Our
observed high incidence of malaria in blood
group O positive (37.0%) is consistent with
previous reports (Singh et al.,2015; Tewodros et
al., 2011). The incidence of A positive malaria
parasitaemia (25.9%) in this study is in contrast
to that reported in the study carried out by Singh
et al. (2015). The incidence of malaria among
blood group B positive subjects in this study was
also at variance with those reported in a study
carried out by Singh et al. (2015) and Deepa et al.
(2011) with an incidence rate 0£40.97% and 42%
respectively. Similarly, fewer incidences were
recorded in this study among O Rh negative
(4.7%), A Rh negative (2.4%) and B Rh negative
(0.8%) subjects. No malaria parasite was
recorded in AB Rh negative. It was also found
that there is no any statistical association
between malaria parasitaemia and Rh D blood
group (p>0.05).

Generally, the rate of malaria infection was
higher among males (56.7%) than females
(45.28%). This study is similar with the results

obtained by the previous research of
malariologist which found more malaria cases in
males than in females (Gupta and Chowdhuri,
1980). This might be as results of males are
always out for their day to day activities to cater
for the family and therefore, they are more
exposed to mosquito bites than females that are
always indoor in this region of study. The study
shows that there was high rate of malaria
infection among the age groups 1-5 and 6-10
years and least rate at the age range of 36-40
years and 46 and above years. The finding is
similar with the results obtained by Yahaya et al.
(2012) but contrary with the result obtained by
Tela et al. (2015) which showed a high rate of
malaria among the age groups 26-35 and 16-25
years and least rate at the age range of 56-65
years. This difference might be attributed to the
fact that considering the nature of their age,
children and adolescents are more susceptible to
malaria infection than adults due to their low
immune system against malaria infection. Also,
adults are more likely to protected against
mosquito bites by ensuring they slept in
insecticide-treated mosquito nets and insecticide
treated rooms. These may be the reasons for the
low prevalence of malaria infection among
adults compared to children.

The prevalence of malaria parasitaemia in
relation to educational status showed that highest
prevalence rate was recorded among subjects
with no formal education 53(41.7%), followed
by primary education 37(29.2%), while the least
prevalence was recorded among subjects with
tertiary education 15 (11.8). This could be
because the educated subjects are aware of the
infection and know the possible ways to protect
themselves against the infection than those with
no formal education. They are more likely have
access to finances to afford insecticides treated
mosquito nets and prophylaxis to protect them
from malaria infection. They are also more likely
to be involved in environmental sanitation and
live in clean environment that does not facilitate
the breeding of mosquitoes.

Conclusion

In conclusion, ABO and RH blood groups of
subjects in this study showed different
susceptibility to malaria infection. The highest
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number of malaria infection was observed
among blood group O positive subjects followed
by A positive, B positive and then AB positive
subjects. The prevalence of malaria infection
was higher among the male gender. Children and
subjects with no formal education were more
prone to malaria infection.

Recommendation

Based on the observation in this study we
recommend that the susceptible blood groups to
be careful of their exposure to mosquitoes' bites
so as to prevent them to come down with malaria
infection. There is need for the Nigerian and
Sokoto State government to invest on
enlightenment campaign to encourage people to
keep their environment clean to prevent the
breeding of mosquitoes. There is also the need to
provide the people in the area long lasting
insecticide -treated mosquito nets as well as
prophylaxis particularly for young children and
pregnant women against malaria.

Limitation

This study was not adjusted for confounding
factors/ variables such as haemoglobinopathies
and alpha-thalassemia. Also, this study was not
case- controlled.

Conflict of Interests: Authors declare that no
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