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Abstract 

Background: The ABO and the Rhesus blood group systems, as well as various abnormal haemoglobin (Hb) variants 
(haemoglobinopathies) are known to influence malaria parasite carriage and disease severity in individuals living in 
malaria endemic areas. This study identified the blood group and Hb variant distribution and Plasmodium falciparum 
infection status of afebrile individuals living in southern Ghana.

Methods: Afebrile participants were recruited from Obom (358) in the Greater Accra Region and Ewim (100) and 
Simiw (329) in the Central Region of Ghana. Venous blood (1 ml) was collected into EDTA vacutainer tubes. Three 20 μl 
drops of blood were used for blood group analysis using the tile method. Another 500 μl aliquot was used for the 
qualitative sickling test using sodium metabisulphite and haemoglobin electrophoresis. Genomic DNA was extracted 
from 100 μl of whole blood and used in P. falciparum species‑specific PCR.

Results: The most abundant blood group and abnormal haemoglobin variant in both sites was blood group 
O + (47.4%) and HbAS (15.8%). A total of 13 (1.7%) of the participants had full haemoglobinopathies (SS, SC and CC), 
whilst 196 (25.4%) were carriers (AS and AC). Although there was a significantly higher prevalence of sickling positive 
participants from the Central Region, genotyping identified a similar prevalence of each of the abnormal haemoglo‑
bin genes in both sites. Asymptomatic parasite carriage estimated by PCR was 40.9% in the Central Region and 41.8% 
in the Greater Accra Region.

Conclusions: Asymptomatic carriage of P. falciparum parasite in the study population was not associated with any 
particular blood group variant or haemoglobin genotype.
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Background
Asymptomatic carriage of Plasmodium falciparum para-
sites is a major challenge to malaria control efforts in all 
malaria endemic countries. Some studies have identified 

factors including ABO blood type as well as haemoglobi-
nopathies to alter asymptomatic carriage of malaria para-
sites [1]. In malaria endemic areas, the ABO blood group 
has been associated with disease severity, whereas blood 
group O has been shown to offer protection against 
severe malaria [2] by minimizing the formation of 
rosettes [3]; blood group A is linked to severe malaria [4].

The haemoglobin variants are structurally abnor-
mal globin proteins formed as a result of mutations in 
the beta globin subunit of the haemoglobin gene. These 
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mutations are mainly missense mutations causing amino 
acid substitutions. The most predominant haemoglobin 
variants identified in sub-Saharan Africa are HbS and 
HbC [5]. Haemoglobin S (sickle cell trait) is formed as a 
result of a mutation in the beta globin gene that leads to 
a replacement of glutamic acid at amino acid residue 6 
with valine. Individuals who inherit an S gene from each 
parent are homozygous for HbS and have sickle cell anae-
mia (HbSS), whilst the heterogygous AS individuals are 
referred to as carriers of the sickle cell trait [5]. Studies 
have shown that individuals who have the sickle cell trait 
(HbAS) have 50–90% reduction in parasite density [6], 
most likely due to reduced parasite invasion and growth 
retardation [7, 8]. More so, children who are AS have 
been reported to show faster clearance of asymptomatic 
malaria infections [9]. Haemoglobin C (HbC) results 
when the glutamic acid residue at position 6 is replaced 
with a lysine residue [10, 11]. Individuals with HbCC 
have been found to enhance malaria transmission by har-
boring highly infectious gametocytes [12]. Children with 
HbAC have also been found to carry high loads of asex-
ual stage parasites in addition to gametocytes [13].

This study set out to assess the prevalence of people 
with haemoglobinopathies as well as the distribution of 
blood group variants and determine their association 
with asymptomatic carriage of P. falciparum parasites.

Methods
Ethical considerations
Ethical approval for the study was obtained from the 
Institutional Review Board of the Noguchi Memorial 
Institute for Medical Research (#024/14-15 and 089/14-
15). Written consent was obtained from all the study par-
ticipants. Parental consent was sought for participants 
who were below 18  years old and for those between 12 
and 17 years old, Child assent was also obtained.

Study sites
The study sites were Obom, Ewim and Simiw all located 
within the Coastal savannah zone of Ghana. Obom is a 
rural community in the Greater Accra Region. Obom has 
perennial malaria transmission and has been classified 
in the past as a high transmission region that presents 
high asymptomatic parasite prevalence [14]. Ewim is a 
sub-urban community in the Cape-Coast municipal-
ity (CCMA)  of the Central Region with low and peren-
nial malaria transmission [14]. Simiw is a rural setting 
in the Komenda Edina Eguafo Abrem District (KEEA) 
of the Central Region and is adjacent to the Cape-
Coast municipality. Malaria transmission in Simiw is 

also  perennial.  Although malaria is perenial in these 
three communities, it peaks between June and August.

Study design and sampling
The study was cross-sectional; and it involved 772 afe-
brile adults and children who were recruited from 
November and December of 2019. Venous whole blood 
(1  ml) was collected from each participant into EDTA 
vacutainer tubes. A drop (5  µl) of blood was used to 
spot the Urit 12 (Accurex Biomedical Private Limited, 
India) haemoglobin meter according to manufacturer’s 
instructions. Three drops of blood were spotted onto a 
tile for the ABO blood group typing and a fourth drop 
used for the erythrocyte haemoglobin phenotyping. 
The remaining blood was separated into plasma and 
packed blood cell pellets. The cells were stored at 4  °C 
and used for the haemoglobin electrophoresis and the 
plasma was stored at − 20 °C for future use. The axillary 
temperature of each participant was taken with a digital 
thermometer.

Case definition
Asymptomatic: an individual with PCR detectable P. 
falciparum parasites on the day of sampling without 
associated malaria symptoms such as fever.

ABO and RhD blood group typing
The tile method [15] was used with very minor modi-
fications. Briefly, three 20  µl drops of whole blood 
were spotted onto a white tile and each blood spot was 
mixed with an equal volume of anti-A, anti-B or anti-
D (Fortress Diagnostic Limited, UK.). The presence of 
agglutination after 5–10 min of rocking the tile denoted 
the presence of red cell antigen or rhesus (Rh) antigen 
corresponding to the anti-sera used. Lack of agglutina-
tion for both A and B denoted the blood group O.

Qualitative sickling test
The sodium metabisulphite method [16] was used to 
determine the presence of HbS in the whole blood sam-
ple. Briefly, a 20  µl drop of blood was spotted on to a 
glass slide. Subsequently, 20  µl of 2% sodium metabi-
sulphite was added and mixed; and a cover slip placed 
on top of the mixture. It was incubated for an hour; 
and after that, the slides were read under 10X and con-
firmed under 40X objective lens. The presence of sick-
led red blood cell(s) indicated a sickling positive test 
and a normal biconcave RBCs indicated a negative test.

Haemoglobin electrophoresis
The cellulose acetate paper method was used [16]. 
Briefly, 300  µl of the packed blood cells was washed 
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with 2.5  ml of 0.85% normal saline and centrifuged at 
3000  rpm for 3  min. The supernatant was discarded, 
and the cells were washed two more times as done pre-
viously. A few drops of distilled water were added to 
the cells to lyse the erythrocytes. The haemolysate was 
applied to the wells of a buffered cellulose acetate mem-
brane (pH 8.6) along with control samples containing 
haemoglobin A, S, and C. The membrane was then put 
in the electrophoretic tank and run at 200 V for 45 min. 
Control samples migrations were used to classify the 
samples into their appropriate genotypes.

PCR detection of Plasmodium falciparum
The 18S rRNA gene of P. falciparum was amplified 
by nested PCR using previously published protocols [17, 
18]. A 15 µl primary reaction mixture was prepared using 
about 30 ng of DNA, 2.5 mM  MgCl2, 200 nM dNTP mix, 
200 nM each of the rPLU5 and rPLU6 primer set and 1 
U of OneTaq DNA polymerase (NEB, UK). A 15 µl sec-
ondary reaction mixture contained 2  µl of the primary 
PCR product (template), 133.33 nM each rFal1 and rFal2, 
forward and reverse primer respectively, in addition to a 
similar composition of  MgCl2 and dNTPs and One Taq 
as the primary reaction mixture. A no template negative 
control as well as P. falciparum positive controls, MRA-
102G (3D7) and MRA-155G (HB3) were included in each 
set of PCR amplifications. PCR products were resolved 
on a 2% agarose gel (pre-stained with ethidium bromide) 
and the gel image was captured under UV with a Vilber 
gel documentation system (Vilber, France).

Data analysis
Statistical analyses were done using the IBM SPSS Sta-
tistics version 20 package. The demographic details of 
the study participants from the two study sites were 
compared using the unpaired t test. The association of 
asymptomatic parasite carriage with site as well as the 
distribution of the blood groups and haemoglobinopa-
thies was determined using the Pearson Chi Squared test. 
Similarly, the distribution of P. falciparum by haemoglo-
bin genotype and phenotype were also compared using 
the Pearson Chi Squared test.

Results
Participants from Central Region (Ewim and Simiw) 
represented 53.5% (413/772) of the total population and 
the rest were from the Greater Accra Region (Obom). 
There were more females (74.9%) than males in the 
Central Region but a comparable number of males and 
females recruited from the Greater Accra Region. Partici-
pants from the Greater Accra Region had a significantly 
younger population (p < 0.0001) with significantly lower 

axillary temperature (p = 0.004), but higher haemato-
crit levels than the participants from the Central Region 
(Table 1). Plasmodium falciparum prevalence was about 
40% in both sites (Table 1).

Distribution of blood group variants
The pattern of distribution of the blood group variants 
was similar (Pearson Chi Square = 6.703, p = 0.460) in 
both sites; blood group O + and AB− being the most 
and least prevalent variants respectively (Fig. 1). For this 

Table 1 Demographic characteristics of study participants

SEM standard error of the mean, temp temperature

*p value estimated using Pearson Chi square

Central Greater Accra Total p value (T test)

 Female (%) 74.9 53.4 64.9 <0.0001*

 Age (years) <0.0001

 Mean 24.3 18.5 21.6

 SEM 0.9 0.7 0.6

 Minimum 3.0 3.0 3.0

 Maximum 86.0 75.0 86.0

 Temp (oC) = 0.004

 Mean 36.4 36.5 36.4

 SEM 0.0 0.0 0.0

 Minimum 33.6 32.2 32.2

 Maximum 37.7 37.5 37.7

 Haematocrit (g/dL) < 0.0001

 Mean 11.1 12.6 11.8

 SEM 0.1 0.1 0.1

 Minimum 6.9 8.0 6.9

 Maximum 17.8 17.8 17.8

 P. falciparum

  Positive (%) 40.9 41.8 41.3 = 0.799*

Fig. 1 Distribution of blood group variants. The prevalence of each 
blood group variant amongst the population sampled from each 
study site presented as a percent of the total population from each 
site
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reason, the data for both sites were pooled together for 
the statistical analyses of asymptomatic P. falciparum 
carriage. Only about 40% of the individuals with blood 
group O + harbored P. falciparum in asymptomatic infec-
tions. Asymptomatic malaria parasite carriage in the 
B + and A + blood groups, which were the second and 
third most prevalent blood group variants respectively 
ranged between 40 and 53% (Fig. 2).

Distribution of haemoglobinopathies
Participants with HbSS were the least prevalent; only one 
person from the Greater Accra Region having that gen-
otype. None from the Central Region had HbSS. HbAS 
was the highest abnormal haemoglobin genotype in both 
study populations, presenting at 16.5% and 15% in the 
Central and Greater Accra Regions, respectively (Fig. 3). 
Although there was a significant difference (Pearson Chi 
Square = 14.354, p < 0.0001) in the prevalence of sickling 
positive samples in the Central Region relative to that 
in the Greater Accra Region (Fig. 2a), the distribution of 
haemoglobin variant genotypes was similar across the 
two sites (Pearson Chi Square = 9.438, p = 0.150) (Fig. 3). 
Asymptomatic carriage of  malaria parasites in partici-
pants with the most prevalent abnormal haemoglobin 
variants, HbAS and HbAC were similar and not differ-
ent from asymptomatic carriage of  malaria parasites in 
individuals with normal haemoglobin,  HbAA (Fig.  4). 
Adjusting for age, sex and study area did not affect this 
lack of association of a particular genotype with P. falci-
parum (Additional file 1). The proportion of participants 
from the Central Region who were P. falciparum positive 
was higher for sickling positive participant than sickling 
negative participants (Fig. 4). 

Fig. 2 Asymptomatic carriage of P. falciparum by the blood 
group variants. The prevalence of P. falciparum parasites carried as 
asymptomatic infections by study participant belonging to each of 
the blood group types. The data is presented as a percent of the total 
number of members within the blood group from each site

Fig. 3 Distribution of abnormal haemoglobin variants. The 
proportion of the study population that had variant haemoglobin 
types at each study site presented as a percent of the total 
population from each site

Fig. 4 Asymptomatic P. falciparum carriage by the variant Hb genotypes and sickling test results. P. falciparum positive individuals were stratified by 
their Hb genotype or RBC phenotyping sickling test
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Comparison between haemoglobinopathy identification 
techniques
About 10% of HbAA and HbAC were misclassified as 
sickling positive, whilst about 40% of HbAS and HbSC 
were misclassified as sickling negative (Fig.  5). All 
(100%) of the HbAC and HbCC asymptomatic par-
ticipants that harboured P. falciparum parasites were 
classified as sickling negative, whilst about 40% of the 
asymptomatic carriers with HbAS were classified as 
sickling negative. 5% of asymptomatic carriers with 
HbAA were classified as sickling positive.

Blood group distribution in participants with variant 
haemoglobin genotypes
Majority of the study participants with various Hb gen-
otypes who harbored P. falciparum parasites in asymp-
tomatic infections belonged to blood group O + (Fig. 6). 
Blood group B + , which was the second most predomi-
nant blood group in general was present in HbAA, AC 
and AS only. Blood group A + was almost uniformly 
distributed across all the Hb variants. The only partici-
pant in the study with HbSS did not harbour any P. fal-
ciparum parasites as confirmed by PCR. Adjusting the 
data for age, sex and site did not affect the lack of asso-
ciation between any particular blood group type and 
asymptomatic P. falciparum carriage in a multivariate 
logistic regression (Additional file 1).

Discussion
The associations between the ABO blood group antigens 
and haemoglobinopathies with malaria have been one of 
varying conclusions; especially in the case of asympto-
matic parasite carriage. Whereas some studies identified 
blood group O as a susceptibility factor for asymptomatic 
P. falciparum infection [19], others found no associa-
tion at all [20–22]. A protective role of the O over non-O 
blood groups have also been reported [23]. Similarly, dis-
cordant observations have been made for haemoglobi-
nopathies and asymptomatic P. falciparum carriage [24, 
25]. Studies that corroborate or disagree with these stud-
ies such as this study are necessary to establish facts and 
affirm the basis for studies into the mechanisms underly-
ing protective associations. In this study, the distribution 
of ABO blood group, Haemoglobin genotypes, as well as 
sickling phenotypes and asymptomatic carriage of P. fal-
ciparum were assessed within two populations of afebrile 
individuals living in southern Ghana.

Asymptomatic carriage of P. falciaprum  parasites 
was about 40% for both the Central and Greater Accra 
Region, implying a high rate of P. falciparum parasite car-
riage, even during the off-peak malaria season. Similarity 
of parasite prevalence in the two regions could be attrib-
utable to the fact that both regions are located within the 
coastal savannah zone and experience similar climatic 
factors [14].

Fig. 5 Sickling positive participants stratified by Hb genotype. The overall distribution of haemoglobin variants amongst sickling positive 
individuals
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The order of distribution of the blood group vari-
ants without considering rhesus factor, observed in this 
study (O > B>A > AB) has also been reported in previous 
studies in Ghana [26, 27]. There were about three times 
more individuals with blood group O relative to A, which 
is in agreement with a previous report that determined 
the ratio of blood group O to A to be greater than 1 in 
malaria endemic areas [28]. Blood group O is reported 
to be protective against severe forms of P. falciparum 
malaria while non-O blood groups, such as A, are associ-
ated with severe forms of the disease [2, 29].

Asymptomatic carriage of parasites was not associated 
with any blood group when samples were analyzed by site 
or as a whole, suggesting equal likelihood of each of the 
blood group variants being infected with P. falciparum. 
This finding is similar to previous studies done in Sen-
egal [30], but contrary to a previous study in the Eastern 
Region of Ghana where blood group O and rhesus posi-
tivity were less likely to have asymptomatic P. falciparum 
infection [23]. Erythrocytes with non-O blood groups 
have been suggested to be more susceptible to com-
plicated or severe forms of the disease [29]. The blood 
group A and B antigens have been identified to enhance 
the rosetting ability of P. falciparum, a phenomenon that 
contributes to the pathogenesis of severe malaria by caus-
ing occlusion of capillaries that supply oxygenated blood 
to vital organs such as the brain [3, 31, 32].

The most prevalent abnormal haemoglobin genotype 
identified was HbAS, which is generally associated with 
protection from P. falciparum infection [33] and is highly 
prevalent across sub-Saharan Africa where the burden 
of P. falciparum is high [34]. However, in this study, no 
association was identified between asymptomatic para-
site carriage and any of the haemoglobin genotypes. 
Similar observations have been made in studies con-
ducted in Senegal [30] and Papua New Guinea [35]. The 
very low frequency of individuals with HbSC and HbCC 
could have skewed the results obtained for asymptomatic 
parasite carriage in these two groups. Suggesting a larger 
study with more individuals with HbSC and HbSS would 
be needed to determine variations in asymptomatic para-
sites amongst individuals with full haemoglobinopathies.

Red blood cell (RBC) phenotypic assessments revealed 
that sickling negative individuals in the Central Region 
had a high rate of asymptomatic P. falciparum carriage 
than sickling positive individuals. This might be because 
genotypic assessment pooled individuals with various 
haemoglobin genotypes; each of which is not significantly 
associated with P. falciparum carriage. A significant asso-
ciation of sickling positive phenotype with low parasite 
carriage has been identified in carriers of haemoglobin S 
trait (AS individuals) due to the suggested role of the AS 
genotype in impairing P. falciparum infected erythrocyte 
cytoadherence, [7], rosette formation [36] and enhance 

Fig. 6 Blood group distribution of asymptomatic participants stratified by Hb genotype. The overall distribution of individuals infected with malaria 
parasites within a particular haemoglobin genotype stratified according to blood group antigen type
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infected erythrocyte clearance [37]. This trend of 
increased asymptomatic parasite carriage in sickling neg-
ative individuals was also observed in the Greater Accra 
Region but this was not statistically significant. This lack 
of association observed in the Greater Accra Region 
could be due a higher number of samples with normal 
HbAA misclassified as sickling positive and HbAC and 
HbAS genotypes classified as sickling negative relative 
to the Central Region (~ 15% in CR vs 20% in the GAR; 
Supplementary data). The misclassification obtained 
after haemoglobin phenotyping supports the notion that 
microscopy is subjective [38, 39] and that more sensitive 
genotyping tests including haemoglobin electrophoresis, 
Polymerase Chain Reaction (PCR) and high performance 
liquid chromatography should be preferentially used for 
detecting haemoglobinopathies.

Conclusion
Asymptomatic carriage of P. falciparum parasites in the 
study population from southern Ghana was not associ-
ated with any particular blood group variant or haemo-
globin genotype.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1293 6‑020‑03299 ‑1.

Additional file 1. Statistical analysis. Tables containing the exact counts 
of different variables determined at each site (Greater Accra and Central 
Region) as well as details of the Chi‑Squared tests and Binary Logistic 
Regression analysis performed on the data.
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