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The Interaction between Malaria parasites and Blood Groups in Port

Harcourt, Nigeria.

ABSTRACT

The link between blood group Rhesus antigens affiereint malaria parasites as well as the
prevalence of other Plasmodium species were starexhg adults in Port Harcourt, Nigeria.
Thick blood smears and filter paper blood spotseweade from finger prick for microscopy
and molecular genotyping of parasite strains. Twodned and forty six participants aged 16-
60 years attending the Braithwaite Memorial Hospaiad blood donors presenting at the
University of Port Harcourt Teaching Hospital Blo&#nk were enrolled into the study.
Blood samples were analysed for ABO antigen graypsing commercially prepared potent
antisera. Isolated DNA was extracted from drietéfipapers and analysed for Plasmodium
specie identification using nested PCR method. Resbtained reveal that blood group O
was most prevalent while the least was blood gdBp Parasitaemia results by microscopy
shows that blood group O Rh positive was the highath 163 (66.2%) followed by blood
group A Rh positive 43 (17.5%), B Rh positive 26.@%), O Rh negative 7 (2.85%), AB Rh
positive 5 (2.03%), B Rh negative 1 (0.41%) and A megative 1(0.41%). Nested PCR
revealed the presence of low prevalencP.ofale andP.malariae species (4.3% each) and a
very high prevalence d®. falciparum (82.1%) as well as mixed infections of the species
These results show the association of blood groupssus positivity and?lasmodium
parasites as well as the presence-ef-etherspefoteale andmalariae in the study area.
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1. Introduction
The global burden of malaria infection remains meewere in Africa especially among
children and pregnant-metilsavomen. Malaria is a protozoan infection in humeassed by
the parasite Plasmodium which until recently wamitht to be classified into five specieés
falciparum, P. ovale, P. malariae, P. vivax and P. knwolesi. However current study[1}
Sutherand-et-al—20}thas shown that there are two non-recombining specf ovale
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(ovale curtis and ovale wallikeri) which are non-sympatric in nature ¥@guike—et—al.,
2013, Of all these,Plasmodium falciparum is the agent of the most malignant form of

malaria, usually presenting with severity mostlgildren in sub-Saharan Africa.

The pathogenesis éflasmodium infection entails merozoite invasion of erythragytvhich

implies an implicit interaction between the redl ceembrane proteins and the invading
plasmodium antigens. Blood group antigens are itaests of these proteins that are
embedded in erythrocyte cellular membranes andenoeded by alleles at a single gene
locus or at closely linked gene loci of which méian 300 specificities have been reported

[3,4(Jehnsen—1992 Contreras—2001)-Additionally, blood group antigens have been

reported to serve as genetic markers of severataliconditions [5-8H{Nwauche-etal- 2003,

Vestibo-et-al-1993,Slater 1993 Brooks-et a8 while several workers have shown a
definite relationship between the ABO and Rh blgvdup antigens with malaria [9,10].
(Ademowo-et-al1993: Cserti et al200") The clearest example of this is the interaction

betweerPlasmodium vivax and the Duffy antigen [11,12{Langhi-& Berdin 08)-Carlos-et

1.1. Study Area

The study was carried out in two major hospitdie University of Port Harcourt Teaching
Hospital (UPTH) and the Braithwaite Memorial SpéstaHospital (BMH) both in Port
Harcourt, Nigeria. The study was conducted fromt&aper 2010 to September 2011.
Malaria is holoendemic in Nigeria. Nigeria has twmin seasons, the dry seasons which
occur from October to March and the wet or raingsesm occurring from April to September

with peak of the rains between May and July whefarr@transmission is very intense. Port



Harcourt exhibits lengthy and heavy rain seasorth annual rainfall of more than 3,550

millimeters and average temperatures between 28°C:2

The main vector of malaria in NigeriaAsiopheles gambiae butA. funestus andA. arabiensis
are also commonly encounteréd.melas is found in the coastal areas [EF3HNPEC& NMCP,
20122 The commonest species responsible—fe88®6 of the confirmed malaria cases in
Nigeria in Plasmodium falciparum. The other specie that has been reported in Nigsrihe

P. malariae, but it usually occurs as a mixed infection wRhfalciparum. [13]. {NPC-&

NMCPR,20125*

2. Methods

2.1. Study Participants

Two hundred and forty six participants: 142 maa72% ) and 104 females (42.28%) aged
16-60 years attending the Braithwaite Memorial Hiaé@and blood donors presenting at the
University of Port Harcourt Teaching Hospital Blo&#nk were enrolled into the study.
Apart from the blood donors, many of the particisanere general outpatients who attended
the hospital for mild clinical conditions and wesgbsequently screened for malaria. The first
participant was recruited based on meeting theibdiig criteria (positivity to malaria
parasite by microscopy, willingness to participatehe study) and presenting on the start
date of commencing the studjubsequent participants were randomly recruitedaon
consecutive basis as they met the eligibility cidte Consent was obtained from the
participants through the signed informed consenn$o Ethics approval was obtained from
the Ethics Committee of both hospitals and the loon&chool of Hygiene and Tropical

Medicine. The study was conducted from Septemb#® 20 September 2011.



2.2. Screening for ABO and Rhesus D antigen

Blood donors were sampled and screened for ABORImesus D antigen. The ABO and
Rhesus D antigen testing was carried out accoringreviously described metheBdeie
and-Lewis 2001 using commercially prepared potent antisera (Antinti-B, anti-D) [14].
Briefly described, 3mls of blood were transferredsterilin containers and red cells were
separated and suspended in saline. One drop of&@D8tispension was added to two drops
of the antisera (cell to serum) in the followindgpés-Saline, aloumin and anti-human globulin

(AHG) and were incubated at 37°C. Positive sampie® identified by agglutination.

Thick blood smears on glass slides and dry blgadsson Whatman filter papers were made
from finger prick for microscopy and molecular ggmmng of parasite strains. Participants
were recruited if the blood samples collected wéoeind Plasmodium-positive by
microscopy. Genotyping of the DNA extracted frone fiiter paper blood spots for specie
identification was carried out in the London SchaélHygiene and Tropical Medicine,

London for identification oPlasmodium species.

2.3. | solation of DNA

Parasite DNA was extracted from dried filter papesing Chelex method as previously
reported [15]—(Blamini-et-ak—2018) Briefly described, blood spots punched out fronediri

filter papers were soaked in a deep well plate #@saponin 1 x PBS solution and incubated
overnight at 37°C. Debris and saponin were remaftat centrifugation and the filter papers
were washed in PBS solution. They were subsequsno8pended in 6% Chelex®100 and
incubated in a water bath for 25 minutes at 100306% CheleX100 and centrifuged

thereafter to remove resin. Approximately fDOf supernatant containing the DNA was

removed and stored in -20°C freezer.



2.4. Plasmodium speciesidentification by nested PCR

Amplification of the small sub-unit of ribosomal rge (SSU rRNA) of thePlasmodium
species was carried out on extracted DNA using nested RCRentify the different species
present [16]-$rounou—et-al—199%) PCR reactions was carried out under the following
conditions: 98C for 5min/ [58C for 2min-72C for 2min-94C for 1min] x25 cycles/S€ for

2min-72C for 5min using primers (rPLU5+rPLUG) as listeddve

rPLUG 5' TTAAAATTGTTGCAGTTAAAACG 3'genus F2
rPLUS new 5’ CYTGTTGTTGCCTTAAACTTC 3'genus R

The amplified products were nested with primer ropnsisting of 5 pM Primer mix
(Pf/Pm/Pv/Po) under the cycling conditions— 95°€ 3mins, (58°C for 2mins; 72°C for
2mins; 94°C for 1min) x 30cycles; 58°C for 2min&°C for 5mins,—42Cfereveior species
differentiation using Snounou protocol [1¥] The amplified products were run on agarose
gel and size against Hyperladder IV to identify thiferent species. PCR conditions and

primer sequences used are listed below.

rFALL 5'-TTAAACTGGTTTGGGAAAACCAAATATATT-3
rFAL2 5'-ACACAATAGACTCAATCATGACTACCCGTC-3'
rMAL1 5'-ATAACATAGTTGTACGTTAAGAATAACCGC-3'
rMAL2 5'-AAAATTCCCATGCATAAAAAATTATACAAA-3'
r'Vivl 5'-CGCTTCTAGCTTAATCCACATAACTGATAC-3'
r'vVivz 5-ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA-3
PadPo 5 CTGTTCTTTGCATTCCTTATGC 3'

Cycling conditions— 95°C for 5mins, (58°C for 2mins; 72°C for 2mirgg}°C for 1min)

x30cycles; 58°C for 2mins, 72°C for 5mins, 4°C f@e The band size obtained for the
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various species differ and each was identified @ating to the band size. The band sizes

obtained are here below listed.

Table 1:Plasmodium species with the expected band sizes

P. falciparum primers(rfall+rfal2) 205 bp product
P. malariae (rmall + rmal2) 144bp
P. vivax (rvivl+rviv2) 120bp
P. ovale (pad Po) 800bp
3. Results

Observation from the baseline distribution of blgwdups shows that the largest blood group
in the set of study samples was blood group O {igResults of the blood group screening
against microscopy foPlasmodium falciparum shows that blood group O Rh positive was
the highest with 170 (69.1%) followed by blood guod 44 (17.9%), B 27 (11%), AB 5 (2

%) [Fig. 2]. Close observation of the results alkow that the samples from Rhesus positive

were more parasitaemic than the Rhesus negativelssifiable 2.

From the analysis of the PCR data obtained fronsfieeie identification, we found a similar
pattern of distribution of the parasitemia among kood groups with Blood group O having
the highest number of parasitaemia positive. Howewee observed that a very high
percentage (71.5%) of the samples were aparasitaguiggesting a very poor microscopic
diagnosis. Further observation from the obtainedR Ridsitive results, showed that the
samples with Rhesus positivity had higher parasitag(Table 2). Analysis of the specie
identification from the PCR results, revealed tiat most prevalent specie Rs falciparum

(82.9%), followed by P. malariae (5.7%), P. ovale (5.7%) and then mixed infections of
falciparum andovale (1.4%), falciparum and malariae (4.3%) Closer observation showed
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that the few ovale and malariae parasites seen pre@ominantly in the blood group O
Rhesus positive samples while 25% (1/4) of eaclthete parasites were from the blood
group B Rhesus positive samples. The mixed irdastiwere all from the blood group O

Rhesus positive samples. There wa®navax seen in all the samples analysed (Table 2).

Table 2. Distribution of Plasmodium species and ABO-Rh antigens using PCR

BldGp | A+ A- B+ B- AB+ AB- O+ O- Total
Pf 11 3 40 4 58
Pm 1 3 4
Po 1 3 4
Pf+Pm 3 3
Pf+Po 1 1
Total 11 5 50 4 70

Fig. 1 distribution of blood group among the study subjects.
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Fig. 2 Pie chart showing P. falciparum parasitaemia by microscopy and blood group
distribution
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4. Discussion

A total of 246 adults presenting blood donors weuited into the study. Results obtained
showed that the most prevalent blood group was Bgr@up O while the least was blood
group A. This is in consonance with earlier studies19]. (Jeremiah, 2006, Nwauche-kt a

2012 Otajevwo—and—lgoniwar.—20445° and the much earlier study on nationwide

distribution of ABO blood group as reported by Wenlge et al—2974.[20]

Analysing the results of the Rhesus positivity, tiservation was that Plasmodium parasite
selects for the Rhesus D antigen hence the sampiet were Rhesus positive had higher
prevalence of parasitaemia regardless of the ABOdbrouping. The combined analysis of
the blood grouping and Rhesus antigen, againstostopy revealed that blood group O Rh
positive had the highest parasitaemia positive evtiie least was seen in the blood group A
Rhesus negative. This observation is in consonavitte previous reports of-Sinrgh—et- al,

2015 of higher prevalence of malaria among Rhesus pesitersons [21].



Further findings of the study reveal that the mmsivalent specie in the study sample is
Plasmodium falciparum. This is consistent with various studiés%} that have reported the
high prevalence dP. falciparumin Nigeria [22,23]. National Malaria contre-{NM@g12)*
reports thatP. falciparum is the most virulent of the Plasmodium species acxbunts for
about 98% of the malaria cases in the country [I8]malaria endemic areas of tropical
Africa, almost all malaria attacks are attributedR falciparum, possibly due either to
underdiagnosis ofP. ovale and P. malariae clinical attacks, to partial cross-immunity
between malaria species, or to rapidly acquireaispespecific protective immunity against
P. ovale and P. malariae [24]. {Reucheret-al—201%4) The presence of these speciean
though with a very low prevalence is in consonawdé the report from Malaria Indicator
Survey [13]—&294:01)3 and it buttresses the importance of further saidie the prevalence of

other species of Plasmodium in Nigeria.

In a 20 year study in Senegal, Roucher et-ak-Z0dstablished tha®lasmodium ovale and
malariae were a common cause of morbidity in the villagE2d]. This underlines the
importance of surveillance to these parasites whale been overshadowed by the abundant
presence ofalciparum malariaand understanding these interactions could havenpartant
influence on the deployment of interventions sushrelaria vaccines [25}—Muelleret al,

20077°

Plasmodium ovale was the last of the malaria parasites of humarsetdescribed and it is
primarily distributed throughout sub-Saharan Afrje8]. {Cellins-and-Jeffrey,200%) The
presence oP. ovale was first reported in Nigeria in 1930 [24—(Janets—1936F. It is
important that the diagnosis ofiale malaria be made appropriately to enhance propeér an
accurate management sineksmodium ovale is a relapsing malaria parasite with a latent

liver stage that often persists for many monthker€ have been reports of relapses occurring
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as long as 45 months after infection [26, 28}—{@sland Jefrey 20015 Marty—et al,

1987752 On the other handPlasmodium malariae has been reported to carry a high rate of
mortality both in children and adults{Mueler¢t2007°) and have been attributed to be

responsible for chronic nephrotic syndrome in att#Seler 14 years after leaving Nigeria.

[25,29]. {Hedelius-et-al204%F)

A major limitation to the study is the inexperienalethe microscopists such that a greater
percentage of the study participants were actuapgrsitaemic. This resulted in lower
number that would be used for statistical analyBisspite this limitation, we were able to
present a picture of the interaction between ABCbRIod group and Plasmodium species in

the study environment. Further studies with a lasgenple size is therefore very imperative

In conclusion, this study is first to document theeraction between differeri®lasmodium
species and ABO antigen blood groups in Nigeriae $tudy showed that there is higher
prevalence of malaria parasitaemia among bloodpy@uRhesus positive persons regardless
of the Plasmodium specie thereby underscoring the relationship betwelood group O
antigen, Rhesus positivity and parasitaemia. b digghlighted the presence of mixed
infections in Port Harcourt and its relationshighwblood group O Rhesus positive. There is
need for further investigations of the interactlmtween blood groups and various malaria

parasites since this may be beneficial in malaaizcine development.

10



References

10.

11.

12.

Sutherland CJ, Tanomsing N, Nolder D, Oguike M,nl&mn C, Pukrittayakaemee S et al.
Two nonrecombining sympatric forms of the humanarialparasite Plasmodium ovale occur
globally. J Infect Dis, 2010.544-50.

Oguike MC, Betson M, Burke M, Nolder D, Stothard, ¥Reinschmidt | et al. Plasmodium
ovale curtisi and Plasmodium ovale wallikeri ciatigl simultaneously in African
communities. Int J Parasitol, 2011;, 47 7-83.

Johnson CL. Blood group antigens and antibodiesTilton R., Balows A, Hohnadel DC,
Reiss RF. (Eds). Clinical Laboratory Medicine. Sbuis. Mosby Yearbook Inc. 1992. Pp.
1064-1074.

Contreras, Lubenko A. Antigens in human blood. Hoffbrand AV, Lewis SM, and
Tuddenham EGD (Eds) Postgraduate Haematology Zath Edition, Arnold, pp182-214.

Nwauche CA and Ejele OA. Red cell antigens andpttaetice of transfusion medicine in
Nigeria. Nigeria Journal of Orthopaedics & Traur@03; vol 2(2), 68-7.

Vestbo JHO, Suadicani P, Sorensen H, Gyntelberghe genetic markers for Chronic
Bronchitis and Peak expiratory flow in the Coperdraghale study. Danish Med. Bull. 1993,
40 (3): 378-80.

Slater G, Itzkowitz S, Azer A.H. (Jr). Clinicopatbgic correlations of ABO and Rhesus
blood type in Colorectal cancer. Dis Col Rect, 19841): 5-7.

Brooks A.M. Gilles WE. Blood groups as genetic nesiskin Glaucoma. J Ophthal, 1988,
72(4):2.

Ademowo OG, Falusi AG and Mewoyeka OO. Prevalerfcasgmptomatic parasiteamia in
an urban and rural community in South-Western NigeZent Afr J Med 1993; 41 (1) : 18-
21.

Cserti CM and Dzik WH. The ABO blood group systema Blasmodium fal ciparum malaria.
BLOOD, 2007; 10(7): 2250-8.

Langhi DM Jr, Bordin JO. Duffy blood group and m@aHematology. 2006 Oct; 11(5):389-
98.

Carlos E Cavasini Luiz C de Mattos, Alvaro AR D'Adida Couto, Vanja SC D'Almeida
Couto, Yuri Gollino, Laurence J Moretti, Claudia Monini-Domingos, Andréa RB

Rossit, Lilian Castilho and Ricardo LD Machado. fyublood group gene polymorphisms

11



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

among malaria vivax patients in four areas of thezBian Amazon region Malaria
Journal 2007, 6:167.

National Population Commission & National Malariar@ol Programme (NPC & NMC).

2012. Nigeria Malaria Indicator Survey, 2010 FiRaport, Federal Republic of Nigeria

Dacie JV, Lewis SM. Practical Haematolog)T/f' ®d. London: Churchill Livingstone, 2001:
19-56.

Dlamini SV, Beshir K. & Sutherland CJ. Markers ofitiamalarial drug resistance in
Plasmodium falciparum isolates from Swaziland: tdieation of pfmdrl-86F in natural
parasite isolates. Malar 2010, 9 68.

Snounou G, Viriyakosol S, Zhu XP, Jarra W, PinheirdDo-Rosario VE, Thaithong S, &
Brown KN. High sensitivity of detection of human laxda parasites by the use of nested
polymerase chain reaction. Mol Bioch&arasitol, 1993 61 315-20.

Jeremiah ZA. Abnormal haemoglobin variants, ABO &id groups among students of
African Descent in Port Harcourt. Africa. Health .S2006;6:177-81

Nwauche CA, Eneh AU, Pughikumo CO, Chijioke-NwaudhéaBO and Rhesus blood
groups in mothers and their newborns in Port Hatcdwigeria. Port Harcourt Medical
Journal 2012: 6 (4), 455-459.

Otajevwo FD and Igoniwari SF. Malaria ParasitaeAsaociation with ABO. Blood Types
among Students of a Private University in Westeeitd) Nigeria. International Journal of
Tropical Disease & Health 4(5): 540-554, 2014

Worlledge S, Ogiemudia SE , Thomas CO, lkoku BNzZaito L. Blood group antigens and
antibodies in Nigeria. Ann. Trop Med Parasitol; 4968: 249-264

Singh G, Urhekar AD, Singh R. A study on correlatamn malaria infection with A, B, O and
RH blood group system. Journal of Parasitology\&ector Biology. 2015. Vol.7 (4), 67-73

Nigeria Malaria Indicator Survey (2010)

Okolie NJ. Occurrence of different Plasmodium specin malaria patients in Owerri,
Nigeria.International Journal of Natural and Applied Scesi¥ol. 2 (4) 2006: pp. 409-411
Roucher C, Rogier C, Sokhna, Tall A, Trape J. Ay2@r Longitudinal Study of Plasmodium
ovale and Plasmodium malariae Prevalence and Muyhia a West African Population.
PLOS ONE. 2014, 9(2): 1-13.

Mueller I, Zimmerman PA, Reeder JC. Plasmodium ne#aand Plasmodium ovale - the
“bashful” malaria parasites. Trends Parasit2007 23: 278—283.

12



26.

27.

28.

29.

Collins WE and Jeffrey GMPlasmodium ovale: parasite and diseasgélin Microbiol. 2005
18(3): 570-81.

James SP, Nicol WD, Shute PG. The specific stattMasmodium ovale Stephens. Am. J.
Trop. Med. 1935; 1387-88.

Marty PB, Chapdelaine Y. Le Fichoux, and J. M. GhahJM . Paludisme anémiant
aPlasmodium ovale aprés 45 mois d'incubation. Presse Med. 201B5I/6

Hedelius R, Fletcher JJ, Glass WF, Susanti A, MaguJD. Nephrotic syndrome and
unrecognized Plasmodium malariae infection in aN#vyy sailor 14 years after departing
Nigeria. J Travel Med; 20111; 18:288—-291.

13



