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Abstract

Introduction: There is this saying that Malaria is most prevalent where there is poverty and where methods of
disease identification, documentation and reporting are weakest. The antigens of the ABO system (A, B, andH
determinants, respectively) consist of complex carbohydrate molecules that are traditionally regarded as red
cell antigens found in most human tissues, like epithelium, sensory neurons, platelets and vascular endothelium.
This study is aimed at evaluating the prevalence of complicated and uncomplicated malaria among ABO/Rh
Blood grouping types of the study subjects.Materials and Methods: This is a cross-sectionalstudywith
randomized sampling method that used in the selection of subjects, taking into consideration, the total number
of patients registered in the pediatric clinic at University of Port Harcourt Teaching Hospital, Rivers State. This
study was carried out using samples from 822 Pediatric subjects that met the study criteria.Results: This study
involved 822 subjects, out of which, twenty-five (25) (3.04%) had complicated malaria while four hundred and
twenty-six (426) (51.82%) had uncomplicated malaria, whereas three hundred and seventy-one (371) (45.13%)
were uninfected subjects (control). The mean age of the study participant was 4.68+0.134 years. Majority of the
pediatrics 474(57.66%) were male, of which 14(56%) were infected with complicated malaria parasite and
253(59.39%) were infected with uncomplicated malaria parasite. Bulk of the participants 383(46.59%) had
blood group O rhesus D positive. There was observed a significant statistical difference (P<0.0010) in the
prevalence of complicated and uncomplicated malaria among the different ABO/Rh blood group types in this
study.

Conclusion: This study had shown that ABO/Rh blood group specific antigens possessed by an individual’s
cells could be a significant factor in the distribution of severity of malaria within a given population.
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I.  Introduction

Malaria is most prevalent where there is poverty and there is little or no adequate facility for the disease
identification, documentation, reporting and treatment (Worrall et al., 2005). A large proportion of severe
malaria illnesses and deaths occur in people’s homes without coming to the attention of a formal health service:
for children under 5 years of age, this proportion has been estimated at 90% in The Gambia (WHO 2014) and
similar in most third world countries like Nigeria.Plasmodium falciparum malaria is a known cause of morbidity
and mortality especially in children of Sub-Saharan African enclaves (Afoakwahetal., 2016).

In 2018, an estimated 405,000 people died of malaria, mostly young children in sub-Saharan Africa.
Within the last decade, increasing numbers of partners and resources have rapidly increased malaria control
efforts (CDC, 2019).According to the 2019 World Malaria Report, Nigeria had the highest number of global
malaria cases (25 % of global malaria cases) in 2018 and accounted for the highest number of deaths (24 % of
global malaria deaths)(Severe Malaria Observatory 2020; Liu et al., 2016). Case numbers have plateaued at
between 292 and 296 per 1000 of the population at risk between 2015 and 2018. Deaths however fell by 21%
from 0.62 to 0.49 per 1000 of the population at risk during that same period (Severe Malaria Observatory 2020).

Malaria is transmitted all over Nigeria; 76 % of the population live in high transmission areas while 24
% of the population live in low transmission areas. The transmission season can last all year round in the south
and is about 3 months or less in the northern part of the country. Malaria is usually classified as asymptomatic,
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uncomplicated or severe. Asymptomatic malaria can be caused by all Plasmodium species; the patient has
circulating parasites but no symptoms (WHO 2014).

Uncomplicated malaria can be caused by all Plasmodium species. Symptoms generally occur 7-10 days
after the initial mosquito bite. Symptoms are non-specific and can include fever, moderate to severe shaking
chills, profuse sweating, headache, nausea, vomiting, diarrhoea and anaemia, with no clinical or laboratory
findings of severe organ dysfunction (Cserti& Dzik, 2007). Complicated or severe malaria is often associated
with hyperparasitaemia and is linked with increased mortality. Severe or complicated malaria is most
frequentlyassociated withPlasmodium falciparum infectionand less frequently withPlasmodium vivax or
Plasmodium knowlesi infections (Afoakwahet al., 2016;Worrall et al., 2005).

Consequently, complicated malaria could lead to one or a combination of anaemia, more convulsions
within a 24-h period, haemoglobinuria, Acidosis with a plasma bicarbonate of <15 mM or venous plasma
lactate>5 mM. clinical manifestation as respiratory distress, significant bleedings, hypoglycaemia (Blood or
plasma glucose <2.2 mM or <40 mg/dl), acute kidney injury with plasma or serum creatinine >265 uM (3
mg/dl) or blood urea >20 mM/I, jaundice with plasma or serum bilirubin >50 pM (3 mg/dl), hyperparasitaemia
(with a parasite count >100 000/ul), pulmonary oedema with oxygen saturation <92% on room air and a
respiratory rate >30/min and could ultimately lead to shock. Complicated malaria causedanaemia is associated
with a haemoglobin concentration <5 g/dl or a haematocrit of <15% in children <12 years of age and
haemoglobin<7 g/dl, haematocrit<20% in adults. This occurs in addition to a Plasmodium parasite count
>10,000/pl in all cases (WHO 2014).Parasitaemia> 20% is associated with a high risk in any epidemiological
context (Worrall et al., 2005).

Also, the clinical outcome of Plasmodium falciparum malaria in endemic areas is, among other factors,
associated with erythrocyte polymorphisms including the ABO blood group which is known to be a system of
carbohydrate antigens expressed on human erythrocytes and other human cells (Cserti& Dzik, 2007).
Nevertheless, with exception to rare Bombay phenotype, which has no ABO antigens blood group that
havetrisaccharide Aand B antigens on their erythrocytes, every other erythrocyte, had an “H” disaccharide on
their surface (Dean, 2005). Rosetting(which is defined as the agglutination of uninfected erythrocytes around
parasitized erythrocytes contributes to the pathogenesis of severe malaria by obstructing microvascular blood
flow leading to the rosetting of parasitized erythrocytes and cytoadherence). Thus, depending on whether the
other genes are encoded, it will then be determined if they will remain a type O or change to type A, B, or AB.
Type O blood is the most frequent, and type B and AB are the least. In rare cases, even the initial precursor H
antigen is not genetically encoded. These individuals are known as Bombay and are able to receive only
Bombay type blood, because they make antibodies to not only type A, B, or AB donor RBCs but also to type O
donor red cells (anti-H), causing hemolysis of the transfused donor RBCs (Dean et al., 2012).However, this
study was aimed at determining the relationship between malaria parasite density and ABO/Rh blood groups.

Il.  Materials and Methods

The study was a cross sectional study carried out on randomly selected 822 pediatric patients with age
range between 0-16 years, suspected to have malaria infection. Children registered in the pediatric ward of
University of Port Harcourt Teaching Hospital, UPTH with suspected P. falciparumparasitemia presenting with
complicated and uncomplicated febrile illness and children without febrile illness for immunization attending
accident and emergency unit and the clinic were recruited for this study after obtaining a written consent from
the parents or guardians from each participant. Ethical approval was obtained from the ethical committee of
University of Port Harcourt Teaching Hospital and Informed consent of the participants involved was also
obtained. Blood sample (9ml) was withdrawn with minimum stasis under aseptic conditions from the dorsum of
the hand or ante-cubital vein. The sample was rocked gently to mix and kept at room temperature and then
analyzed within 4 hours of samples collection. The sample was rocked gently to mix, then kept at room
temperature and analyzed within 4 hours of samples collection. This study was divided into three groups,
namely, uncomplicated Malaria group, complicated malaria group and control group (those with no malaria
parasite seen).Theuncomplicated malaria group was defined with parasitemia<100000/uL while the complicated
severe malaria (cerebral malaria) group was defined as one with parasitaemia>100,000 parasites/ul. (WHO,
2014). Diagnosis of Plasmodium species and estimation of parasitemia was carried out by the use of Giemsa
stained thick and thin smear made from a well-mixed anticoagulated whole blood sampleon a clean grease free
slide and labelled appropriately.Each labelled Giemsastained, dried slide was examined microscopically using
the X100 objective lens thick film and parasite density estimated using the assumed 8000WBC count/uL. All
results were collated in excel spread sheet ant transferred onto statistical package for social sciences (SPSS)
IBM version 21 for statistical analysis using Chi-square and measures of dispersion.
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I11.  Results

From this study, it was also observed that the overall prevalence of complicated and uncomplicated
malaria was 3.04% (25/822) and 51.82% (426/822) respectively while those without malaria that served as our
study control stood at a prevalence of 45.13% (371/822). However, the children population (514) (62.53%) in
this study were more and had the highest prevalence of complicated malaria infection 60% (15/25) compared to
the neonate (28%) (7/25) and adolescent (12%) (3/25) age groups. The mean age of the study participants was
4.68+0.134 years (Table 1). Majority of the pediatrics 474(57.66%) were male, of which 14(56%) had
complicated malaria parasite whereas 253(59.39%) were diagnosed to have uncomplicated malaria (Table 2).

Table 1: Age Distribution of Pediatrics with Complicated and Uncomplicated Malaria, and Non-Malaria
Infected Control
Subjects/Malaria Tvpes

Age Group | N (%) Complicated | Uncomplicated | Non-Malaria Test Statistics
(Years) Infected
(Control)
N % N % N % X2 p-value
value

Total 822 (100) 25 3.04 426 51.82 | 371 4513 | 344.94 | <0.0001****
Neonate/Infant 252 (30.66) 7 28.00 133 31.22 112 30.19
Children 514 (62.53) 15 60.00 | 266 62.44 1233 62.80
Adolescent 56 (6.81) 3 12.00 27 6.34 26 7.01 1.31 0.86008
Age Mean =SEM) | 4.68+0.134 5.232£0.936 4.70+0.188 4.63+0.198

Note: within characteristics, percentages may not add up to 100 due to rounding.Significance Levels:
***=p<0.001, ****=p<0.0001, ns=not significant (p>0.05).

Table 2: Gender Distribution of Pediatrics with Complicated and Uncomplicated Malaria, and Non-
Malaria Infected Control

Subjects/Mal Subjects/Mala
aria Types ia Tvpes
tender | N (%o) o YPES N TP Size N (%)
(%)
Complicated | Uncomplicated Complicated Uncompl
icated
Female | 348 11 44.00 173 1406 | 164 44.20
(42.34) ‘ . 55 5
Male 14 56.00 253 207 55.80 1.08 | 0.5831m
474 59.3
(57.66)

Note: Within gender, percentages may not add up to 100 due to rounding. Significance Levels: ***=p<0.001,
***x*%=p<0.0001, ns=not significant (p>0.05).

This study’s parasite density probability distribution curve showed an exponential distribution where
the relative probability of the randomized Plasmodium falciparum parasite density reoccurring at any point in
the research, thus, the malaria parasite densities of subjects recruited into this study for both the complicated and
uncomplicated malaria groups are events that occur continuously and independently at a constant average rate in
the Poisson point processes it is found in various other contexts (Fig. 2). This study witnessed a meantotal
parasite density of 112083.68 parasites/uL and for different age groups neonates/infants, children and
adolescents showed a mean parasite density of 115749.14 parasites/uL, 110994.67 parasites/pL and 112083.63
parasites/uL respectively (Fig. 1).
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Fig. 1: Comparison of PlasmodiumParasites Density/ul of Blood of Pediatric Subjects with Complicated
Malaria
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Fig. 2: Cumulative Distribution Function (CDF) Plot of Parasite Density in Pediatric Subjects with
Complicated and Uncomplicated Malaria

Among this present study population, it was observed that blood group O Rh’D’ positive had the
highest prevalence 46.59% (383/822), Blood group B Rh‘D’ positive followed with a prevalence of
23.19%(191/822). Nevertheless, blood group B Rh‘D’ negative (1.34%)(11/822) followed by blood group AB
Rh’D’ negative (1.46%)(12/822) and O Rh’D’negative (8.2%)(68/822) (Fig. 3). The samples in this present
study showed the highest mean plasmodium parasite density among those of blood group A’
(117953.80+6505.19 parasites/uL) and B+(12708.80+1321.00) for complicated and uncomplicated malaria
respectively. However, there was found no significant difference in the mean parasite density of the sample
population was observed among the various blood groups in this study (Table 3).
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Fig. 3: Blood Group Distribution of Pediatric Subjects
Table 3: Distribution of Parasites Density/ul of Blood of Pediatric Subjects in this Study
Complicated Malaria Uncomplicated Malaria Ratio
Blood Group [Mean + SEM Fit] Mean + SEM Prob> F/[t|
At 113439.90+4917.46 8846.24+1533.29
A- 117953.80+6505.19 9297.67+5311.47
B+ 108687.50+4599.87 12708.80+1321.00
B 3428.33+5311.47
AB+ 111116.33+5311.47 11084.33+5311.47
o+ e 9470.76+924.61
O- 4445,59+2031.88 0.8053 0.4914™

SEM: Standard Error of Mean. Significance Levels: ***=p<0.001, ****=p<0.0001, ns=not significant
(p>0.05).

IV.  Discussion

Each year approximately300-500 million malaria infections lead to over one million deaths, of which
over 75 % occur in African children aged under five years infected with Plasmodium falciparum. About 40 % of
the world’s children live in malaria-endemic countries like Nigeria, according to WHO (Adu-Gyasiet al., 2012).
This study witnessed a mean total parasite density of 112083.68 parasites/uL and for different age groups
neonates/infants, children and adolescents showed a mean parasite density of 115749.14 parasites/uL,
110994.67 parasites/pIL and 112083.63 parasites/pL respectively (Fig. 1). Thus, making this present study’s
parasitedensity probability distribution curve show an exponential distribution where the relative probability of
the randomized Plasmodiumfalciparum parasite density reoccurring at any point in the research. Therefore, the
malaria parasite densities of subjects recruited into this study for both the complicated and uncomplicated
malaria groups are events that occur continuously and independently at a constant average rate in the Poisson
point processes(Fig. 2).Comparatively, considering the research of Adu-Gyasiet al., (2012) where5,902
Plasmodiumfalciparum malaria positive samples were used, the geometric mean parasite density was 7,557
parasite/uL (95 % CI 7,144/uL to 7,994/uL) which was lower than that observed in any classified group of this
study. Thus, this showed that malaria endemicity in Nigeria, and Port Harcourt in particular, is not a fluke. As
such adequate enlightenment and control would be a solution in line with the aspirations and goals of the
millennium development goals set by the world health organization. As a matter of fact, the reduction in the
mortality estimates from malaria from985 000 in the year 2000 to 781 000 in2009 and 627 000 in 2010 (World
Health Organization2014) adequately explains the role that malaria control actionscould play to reduce the
global malaria burden of complicated malaria.

Therefore, the causal link between deployment of effective vector control measures (ITNs, insecticides)
andeffective drugs (ACTs) and declining mortality as may have been used in this study could be practically
relevant for further studies on actual relationship of this disease characteristics.Following this thought line,
Steketee& Campbell (2010) said that causalityis likely when there are strong geographical associationsof control
measures with improvements, absence ofchanges in some other causes of death and consistencywith predictions
of the likely effects of malaria-specificinterventions.
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Apparently, progression to complicated malaria and lethal disease may largely but notentirely confined
to P. falciparum infections because this study revealed the exclusive prevalence of P. falciparum among the
studied population. This notion was also corroborated by WHO (2014) which articulated that, even though P.
vivax and P. knowlesicontribute much less than P. falciparum to the global burden ofcomplicated malaria, both
do alsolead to fetal consequences like that ofPlasmodium falciparum(Afoakwah,2016; WHO 2013, 2014).

That notwithstanding, some literatures support the idea that P. falciparuminfection develop partial
protection for severe symptoms at an early age under conditions of low and unstable malaria transmission,
individuals of all age groups may present with acute or severe malaria disease as a consequence of low levels of
naturally acquired immunity although also subclinical infections are detected (Alemu and Mama, 2016).
Previously, Tadesse and Tadesse published a research article in Journal of Vector Borne Diseasesin 2013
showinga strong positive association that only being an individual of blood group O confers some
protectionagainstcomplicated malaria (Tadesse and Tadesse, 2013). Nevertheless, adherence of P. falciparum
parasitized erythrocytes to the endothelia of blood vessels is key to the pathogenesis of complicated disease.
Antigens of blood groups A and B have been suggested to play important roles in cytoadherence. Due to the
absence of A and B antigens on the surface of blood group O erythrocytes, cytoadherence, and hence rosetting
and sequestration, is reduced in individuals with blood group O(Afoakwah,2016). It has been observed that
blood group O individuals were less likely to suffer from complicated P. falciparum malaria as evidenced in this
present study.Here we observed that only 18 (16.1%) of the 112 participants with complicated disease had blood
group O, whereas as much as 74 (40.9%) of the 181 participants with uncomplicated disease had blood group O
in a population with a high prevalence of Group O+ (87%) individuals compared to Group A (8 %), Group B
(13%),and Non-A Non-B Group(11.0 %) according to Severe Malaria Observatory (2020)while Alemu& Mama
(2016), showed that blood group O prevalence was 42.1%, blood group A 32.7%, blood group B 20.9%, and
blood group AB4.3%.Although, this may still be argued on the contrary as some other published research
articles have also shown great disagreement with this study(Oladeindeet al.,2014; Sirina and Clement
2013;Epidiet al., 2008),indicating that, there exists no significant relationship between ABO blood group and
Plasmodium parasitemia.

V.  Conclusion
Blood group O appeared to be the most prevalent blood group among the persons recruited into this
study and as well the least prevalence of complicated and uncomplicated malaria: thus, suggesting that the blood
group O confers some amount of protection against the disease severity of Plasmodium falciparum to
individuals within the ABO variant. Therefore, this study has recognized that there exists a significant
relationship between ABO blood group variants and their malaria parasite density.
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