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Abstract
he chemistry between malaria
parasites and blood group

antigens remains a fascinating
subject with potential to contribute to the
development of new interventions to
reduce the global burden of malaria.
Elucidation of the association between the
blood groups status and infection with P.
falciparum can bring about understanding
of the differences noted in the ABO blood
group variation. A cross-sectional study of
100 patients were clinically examined to
determine the ABO blood group system
and its association with severe malaria
pathogenesis of patients who were tested
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Introduction

Malaria is one of the major
endemic disease in Africa
have shown that report,
there were 241 million
cases in 2020 compare to
227 million cases in 2019
the estimated number of
malaria death stood at
627000 in 2020- an
increase of 69000 death
over previous year ( World
Malaria Report, 2020).
Malaria is caused by an
obligate, intracellular
protozoan parasite of the
genus Plasmodium, it is
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positive to malaria infection via microscopy at Federal Polytechnic Bauchi
Medical Center, Bauchi State. Data entry was done in MS word, database
management and analysis were done using Statistical Package for Social
and Sciences (SPSS) version 20 software. The result shows that 17 (16%),
4 (4%), 3 (3%) and 77 (77%) of respondents belong to the A, B, AB and O
blood groups. Packed Cell Volume (PCV), Red Blood Cell (RBC) and
Parasite Density were significantly associated (F=2.906, p=0.038<0.05),
(F=4.996, p=0.003<0.05) and (F=3.108, p=0.030<0.05) with blood
groups. This study suggests that during P. falciparum infection, blood
group O individuals are conferred with a protective advantage, blood
group A individuals are at a disadvantage, while blood groups B and AB has
an intermediate effect.

Keyword: Severe Malaria, Blood Grouping System, Patients, Federal
Polytechnic Bauchi, Medical Center.

ransmitted by infected female anopheles’ mosquito when feeding on

blood. There are four species that infect humans namely: Plasmodium

falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium
malariae and Plasmodium knowlesi. The P. falciparum is the principal
cause of severe clinical manifestations to some extent P. vivax and P.
knowlesi. The virulence of P. falciparum has been associated with the
capacity of infected red blood cells (iRBCs) to adhere to uninfected red
blood cells (uURBCs), leading to rosetting of cells (Pathirana et al, 2010).
Blood grouping is a classification of blood based on the presence or
absence of inherited antigenic substances on the surface of red blood cells
(RBC). The ABO blood group refers to system of carbohydrate antigens
expressed on human erythrocytes (Loscertales et al, 2007) and other
human cells. The ABO system is the most important blood group system in
human blood transfusion. The “A” and “B” antigens on erythrocyte are
trisaccharides (“A” GalNAcal-3(Fucal-2) Gallf1l; and “B” Gallal-
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3(Fucal-2) Galf1) (Daniels et al, 2020) that are attached to different
glycolipids and glycoproteins.

Malaria is one of the world most threatening diseases with a high rate of
mortality especially in Africa. According to world malaria report, there
were 241 million cases in 2021 compare to 227 million cases in 2020 the
estimated number of malaria death stood at 627000 in 2020- an increase
of 69000 death over previous year while about two thirds of these death
[4700] were due to disruptions during the covid-19 pandemic, the
remaining one third death [22000] reflect a recent change in (WHO’s)
methodology for calculating malaria mortality irrespective of covid-19
disruption The new cause of death methodology was applied to 32
countries in sub-sahara Africa that shoulder about 93% of all malaria death
globally. Applying the methodology revealed that malaria has taken a
considerably higher toll on Africa children every year since 2000 than
previous thought (World Malaria Report, 2020). Blood group “O” occurs
in approximately 40-80% of the population in different part of Africa (Troy
et al,2013). If the blood group “O” protect against life threatening malaria,
why then is the frequency of “O” not higher in malarias. Prone countries.
Since malaria is a major world’s threatening disease with high rate of
mortality especially in Africa and it were estimated that about nearly half
of the world’s population are at risk recently by world health organization,
the fact that the effect of ABO blood group to malaria, it would be useful to
know whether there is any association between malaria with blood group.
This study was aimed at investigating the susceptibility of severe malaria
(P. falciparum) in association with “ABO” blood groups in respondents
attending the Federal Polytechnic Bauchi Medical Center.

MATERIALS AND METHODOLOGIES

A descriptive cross-sectional study was designed and conducted to assess
the effect of ABO blood group system on the development of severe
malaria. The study was conducted at Federal Polytechnic Bauchi Medical
Center, Bauchi State within the month of July, 2023.
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Laboratory Analysis

The sample was collected using sterile needle and syringes, five milliliters
(5ml) of blood samples was collected from the respondent with the
assistances of the laboratory technologists via vein puncture technique.
Blood collected was dispensed into ethylene-diamine-tetra-acetic acid
(EDTA) anti-coagulated blood sample bottles, properly mixed and labeled
appropriately.

To conduct microscopy study, thick and thin film were prepared on two
different clean and grease free slides after appropriate labeling and
allowed to air dry, on the laboratory work bench. Thin films were fixed
with methanol and allow to evaporate while the thick films were not fixed
with methanol. The slides are arranged on a staining rack and flooded with
10% Giemsa stain solution for 10-15 minutes. The slides were washed
under a slow running tap water and allowed to air dry. Finally, the films
were carefully examined under oil immersion microscope objective
(x100).

Determination of parasite density

The malaria parasite density (PD) was determined by applying a counting
technique in which the number of parasites counted in microscopic field
(i.e. 100 field was used) against 200leucocytes within that field multiply by
a given white cell count to give an approximate number of parasites per pl.
In this study, the white cell count 10000/pl of blood was used (Dennis et
al, 2012).

Before calculation of parasites density, number of parasites were
considered, as if:

>10parasite were counted, 200leucocytes used in calculation of parasites
density, but if <10parsites were counted, 500leucocytes used in parasites

density calculation.
Number of parasites counted

i.e. >10 parasites, the (PD) = X WBC

200leucocytes
Number of parasites counted

If <10 parasites, the (PD) = X WBC

500leucocytes
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(Moody, 2019).

Determination of blood group and rhesus test

The ABO blood group of each of respondents was determined using
commercial cell grouping anti-sera (A, B and D).

Three (3) drops of each respondent blood sample (serum) is placed on
separate point on a sterile white tile divided into three cells. A drop of anti-
sera A, B and D were placed beside the blood which was properly mixed to
a strain homogenous mixture with the aid of a sterile rod and the tiles was
rocked gently to ensure uniform mixture. The mixtures were carefully
observed to determine blood group of the patients by presence or absence
of agglutination. Anti-serum D was used to determine Rhesus factor.
Finally, the blood was grouped based on these observation and
confirmation into blood group A+, A-, B+, B-, AB+, AB-, 0+, and O-.

ABO blood groups were typed by agglutination using commercial antisera
(Sharana et al, 2016).

Determination of hemoglobin concentration
Finger-prick samples were drop on strip and the strip was inserted into
haemoglobin measured aid of Hemocue.

Determination of packed cell volume (PCV)

Packed cell volume (PCV) is determined by micro hematocrit method using
a small quantity of blood, a capillary tube and a high speed centrifuge. PCV
measurement is used in determining anemia and it can also be used to
calculate hemoglobin concentration (Hb) expressed in g/dl and also to
calculate Mean Corpuscular hemoglobin concentration (MCHC) which is
the average hemoglobin concentration within the red blood cells. The
pathophysiology of the anemia of falciparum malaria is both complex and
multifactorial, and results in a condition which is a major cause of mortality
and morbidity in patients, especially children and pregnant women, living
in malarial endemic areas. (Meraiyebu et al, 2012).
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Inclusion and Exclusion Criteria

Patients who were suspected to have malaria and tested positive for
malaria using thick and thin blood smear and microscopy or using Rapid
Test Diagnosis (RDTs) kit were included in the study. While patients whose
blood was not tested for malaria and febrile patients who had taken any
antimalaria drugs within the last two weeks before the blood test. Patients
who are critically ill and patients who did not consent or assent to the study
were also excluded.

Statistical Analysis of Data

Data were entered in Microsoft Excel (MS-Excel) and exported into SPSS
version 20 and analyzed. ANOVA was used to test the differences between
parasites density and ABO blood grouping system. Observed differences
was considered to be significant for (p<0.05).

RESULTS

Figure 1 give the distribution of respondents by gender. Exactly 58% were
female and 42% were male. Figure 2 give the distribution of respondents
by age. Children constitute about 9%, adolescent 7% and adult 84%. Figure
3 present the blood group of all respondents. From the figure, blood group
A, B, AB and O. Were 16%, 4%, 3% and 77%. Figure 3.4 present density
(parasites/liter) of various blood group of sampled respondents.

SEX

:
F
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Figure 1: Distribution of Study Respondents According to Gender.
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Figure 2: Distribution of Study Respondents Based on Age group.
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Figure 3: Distribution of Study Respondents Based on Blood Grouping.
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Figure 4: Parasite Density (parasites/liter) of Various Blood Groups of
Sampled Respondents.

Table 1: Distribution of parasitaemia between ABO blood grouping system
shows that about 25.00% (1/4), and 52.50% (42/80) of those infected
individuals of blood group B and O respectively had parasite density of less
than 200 parasite/ uL of blood. In contrast 29.41% (5/17), 66.67% (2/3)
and 22.50% (18/80) P. falciparum infected individuals of blood group A,
AB and O respectively had parasite density ranging from above 601-999
parasites / pL of blood.
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Table 2 homogeneity of variance shows significance values of p=0.544, and
0.093 for PCV and RBC respectively, while that of the PD p=0.000 yield
significant to homogeneity test of variance which gives the reason for the
use of ANOVA to analyze the association between parasite density and ABO
blood grouping system.

Table 3 ANOVA test presented (F=3.108, p=0.030) at 95% confidence
interval and degree of freedom between groups (df=3) and within groups
(df=100) is statistically significant.

Table 1: The Distribution of Parasitemia between ABO Blood Grouping
System

Variables Parasitaemia Total

A B
<200 601-999 >601-999
parasites /uL parasites /ul. parasites /uL
of blood of blood of blood
Blood Group
0(0.00%)
1(25.00%) 3(75.00%) 0(0.00%) 4(100%)

EE 0(0.00%) 1(33.33%)  2(66.67%) 3(100%)

42(52.50%)  20(25.00%) 18(22.50%)  80(100%)

12(70.59%)  5(29.41%)  17(100%)

Table 2: Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.

PCV (%) 718 3 100  .544

RBC 2.197 3 100  .093
(x10712))

P.D (x10~11 11.562 3 100 .000
74D
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Table 3: Relationship between Blood Groups and Parasite Density

of | Df Mean
Squares Square

Between 134.715 44905 3.108 .030
Groups

LRSI 1445.024 100 14.450

DISCUSSION
This study shows that, the frequency of females is higher than that of the

males. The frequency of adults is greater than that of adolescents and
children. The frequency of blood group O is higher than that of blood group
A, B and AB. The frequency of blood group O is greater in the uncomplicated
malaria than that of blood group A, B and AB. The frequency of blood group
AB is higher in complicated malaria than that of blood group A, B and O.

In contrast, group A is the predominant blood group in the colder regions
of the Earth where malaria has not been common (Cserti et al, 2007). This
is consistent with the findings of this study which found that the highest
percentage of the study participants had the O blood group phenotype
followed by blood group phenotypes A, B and AB. Blood group B seems to
have an intermediate effect as proposed in the hypothesis.

P. falciparum infected group O erythrocytes are also more efficiently
cleared by macrophages than infected A and B erythrocytes. This was
shown in a study where human macrophages in vitro and mouse
monocytes in vivo phagocytized P. falciparum infected O erythrocytes
more eagerly than A and B infected erythrocytes (Panda et al, 2011). The
enzymatic conversion of B erythrocytes to type O erythrocytes before
infection also significantly enhanced their uptake by macrophages to levels
comparable to those with infected O wild-type erythrocytes. This study not
only showed that the ABO blood group antigens influence macrophage
clearance of P. falciparum infected erythrocytes but also suggested an
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additional mechanism by which blood group O may confer resistance to
malaria (Wolofsky et al, 2012).

Blood group O was the dominant blood type in both complicated and
uncomplicated malaria cases. Blood group A patients were more prone to
severe mixed malaria infections. Blood group O malaria cases had a
favorable clinical outcome (Sharana et a/, 2016).

Several other studies have established that parasitized erythrocytes form
rosettes more readily with RBCs of blood groups A, B, or AB than with
blood group O RBCs, with parasite-triggered RBC rosette formation being
associated with increased severity of clinical disease (Uneke, 2007).
Rosette formation is governed by strong adhesive forces, with lectern-like
bindings between parasite-derived proteins exposed on the surface of P.
falciparum infected RBCs and various carbohydrate moieties present on
the uninfected erythrocyte. The strongest carbohydrate receptors have
been shown to be contained within the blood group A and B antigens
(Carlson et al, 2018), thereby justifying the ease with which group A and
B infected erythrocyte form rosettes, and accounting for the formation of
larger and stronger rosettes by the non-O blood groups (Carlson et al,
2018). Being stronger, the rosettes formed by the group A and B P.
falciparum infected erythrocytes are less easily disrupted than those
formed by group O erythrocytes. This allows the group A and B parasitized
cells to avoid the host's normal spleeny clearance mechanisms that remove
aged or damaged erythrocytes (Mebius et al, 2020). Consequently,
parasitized group A and B erythrocytes persists longer in the body,
allowing multiplication of the plasmodium parasite, thereby predisposing
individuals with this blood groups to clinical disease.

This is also consistent with reports suggesting that individuals with blood
groups A, B and AB are more susceptible to P. falciparum infection than
those with O blood group (Rowe et al, 2009)

In comparison with the above studies, the current study shows that blood
group A individuals had higher percentage for severe malaria than other
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blood groups while blood group O had higher percentage in uncomplicated
than any other blood groups.

This study does not account for the effect of other determinants such as
genetic polymorphism that might also play an important role in severity of
falciparum infection.

CONCLUSION

The findings of this study showed that blood group O are most susceptible
in the malaria area of Federal Polytechnic Bauchi Medical Center, Bauchi
State. It also established a significant association between the ABO blood
groups with falciparum malaria, where individuals of blood group O were
found less likely to develop severe malaria when infected with P.
falciparum, whereas individuals of blood group A were found more likely
to develop severe malaria. Blood group B appeared to confer an
intermediate effect. The findings of this study therefore agreed with the
proposed hypothesis that during an infection with P. falciparum, blood
group O offers a survival advantage, group A offers a disadvantage, and
group B and AB has an intermediate effect.
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