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Abstract 

Malaria parasitemia and haemoglobin variants in patients attending Rivers State University Teaching Hospital, Port 
Harcourt, Rivers State, Nigeria was investigated. Blood samples from 385 patients attending the hospital were collected 
using sterile syringes into well labelled specimen bottles containing ethylene di-amine tetra acetate (EDTA). The 
genotype was determined using standard alkaline cellulose acetate electrophoretic technique while standard method 
was used to determine malaria parasitaemia. Out of the 385 patients examined for haemoglobin variants, the frequency 
of the genotype was 239(62.1%), 127(33%), 17(4.4%) and 1(0.3%) for HbAA, HbAS, HbSS and HbAC respectively. 
Malaria parasitemia in HbAA, HbAS, HbSS and HbAC was 170(64.2%), 82(30.9%), 13(4.9%) and 1(0%) respectively. 
HbAA was significantly (P<0.005) susceptible to malaria than other genotypes. The prevalence of malaria in HbAS 
82(30.9%), HbSS 13(4.9%) and HbAC 1(0%) also show significance difference (P<0.05). Patience below the age of 
6years with HbS gene had the highest malaria prevalence (21%).  Malaria prevalence among males 7(53.8%) and 
females 6(46.2%) with sickle cell anaemia SCA had no significance difference (p>0.05). Sickle hemoglobin (HbS) gene 
protection against malaria found in heterozygous hemoglobin (HbAS) was also recorded in patients with homozygous 
(HbSS) gene. Prevalence of malaria is higher in patients with the normal haemoglobin (HbAA) than in patients with 
abnormal genes (HbAS and HbSS). 
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1. Introduction

Sickle cell disease (SCD) is a group of inherited red blood cell disorders (hemoglobinopathies) that occurs when a child 
inherits two faulty hemoglobin genes from both parents [1]. The disease is primarily caused by mutations affecting the 
globin genes of hemoglobin. This group of diseases include sickle cell anemia (SCA) which is the most common, 
heterozygous hemoglobin sickle cell disease (HbSC) the second most frequent and sickle cell- beta-thalassemia disease 
[2,3,4]. 

Malaria is a life-threatening parasitic infection caused by protozoa belonging to the genus Plasmodium. It is a serious 
tropical disease responsible for high rate of morbidity and mortality globally, especially in sub-Saharan Africa where it 
is endemic.  Globally, an estimated 241 million cases of malaria and 62700 deaths resulting from the infection was 
reported in 2020, 95% of malaria cases and 96% of malaria-related mortality occurred in Africa, and children below the 
age of five years account for 80% of the malaria deaths [5]. Specifically, over half of all global malaria deaths occurred 
in four African countries: Nigeria (31.9%), the Democratic Republic of the Congo (13.2%), the United Republic of 
Tanzania (4.1%) and Mozambique (3.8%) [5].  
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Sickle cell anemia and malaria are hereditary and parasitic diseases respectively. They are potentially lethal diseases 
and complement each other in a way [6]. Despite the adverse effect of the sickle hemoglobin gene, it has maintained a 
high frequency around the world especially in sub-Saharan Africa and indeed Nigeria. This is traced to the fact that 
individuals with one sickle cell allele (AS genotype) have some resistance to malaria; they do not have sickle cell anemia 
thus keeping the allele in the population [6,7,8]. In areas with malaria, heterozygous (AS) individuals reproduce at 
higher rates than those with no sickle cell alleles. On the other hand, in areas without malaria, homozygous (SS) 
individuals reproduce at lower rates than those without sickle cell disease (individuals with hemoglobin genotype AA). 
Hence, eliminating malaria will lead to a reduction in the frequency of sickle cell gene; thereby decreasing the gene pool 
[6].  

Sickle cell anemia is particularly common among people whose ancestors come from sub-Saharan Africa, India, Saudi 
Arabia and Mediterranean countries [9]. Record indicates about 90% global population living with Sickle cell disease 

(SCD) are found in three countries: Nigeria, India, and the Democratic Republic of Congo [2,10,11,12]. An estimated 

10%-45% of individuals with the sickle cell trait are found in sub-Sharan Africa and Nigeria and Ghana have an 
estimated prevalence of 30% and 15% respectively [13,14].  

According to estimates, between 75 and 85 percent of children with Sickle Cell Disease (SCD) are born in Africa, where 
the death rate for children under five ranges from 50 to 80 percent [10].  Sickle cell anemia affects around 20 out of 
every 1000 live births in Nigeria, where 24 percent of the population carries the mutant gene. This means that every 
year, about 150,000 infants are born with SCA in Nigeria alone [15].  

The relationship between the mutant gene and malaria have been reported by many researchers [16, 17, 18,19,20,21] 
and the infection has been implicated as a major cause of morbidity and mortality in patients with sickle cell anemia 
(SCA) [6]. There is more convincing indication to suggest that patients with SCA are protected from malaria in terms of 
lower malaria prevalence and parasite density among sickle cell patients [22,23,24,25]. However, in people with the 
homozyzous mutant gene (HbSS), the effect of fever, vomiting, diarrhea and anemia can provoke a sickle crisis that can 
outweigh any beneficial effect against malaria, conferred by the mutant gene, hence those registered in hospitals are 
placed on malaria prophylaxis [25]. Again, children with SCD are found to have low incidence of both severe malarial 
anemia and high-density parasitemia [26]. 

The infection of red blood cells by P. falciparum alters the cells and disease progression. In order for these parasites to 
evade the immune system, they create rosette which is the binding of P. falciparum- infected red blood cells to 
uninfected cells, helping the parasites to avoid immune recognition. Scientific investigations have shown that there is 
reduced rosette formation in HbAS individuals under deoxygenated condition [27] and reduced cytoadherence [28]. 
The increased sickling of these cells in deoxygenated conditions may be responsible for the impaired rosette formation 
and enhanced opsonization as well as clearance of parasitized HbAS red blood cells by the spleen may lead to earlier 
development of acquired immunity compared to that in HbAA individuals [9, 29]. 

The objective of this study is to assess the frequency of the mutant gene in its heterozygous and homozygous forms and 
the prevalence of malaria in patients with normal and abnormal gene, attending Rivers State University hospital. The 
results of the study could serve to influence policy direction and control strategies against malaria.  

2. Materials and methods 

2.1 Study Area  

This study was conducted at the Rivers State University Teaching Hospital (RSUTH) formerly called Braithwaite 
Memorial Hospital (BMH). The teaching hospital (Fig. 1) is a major tertiary hospital in the Niger Delta with teaching and 
research facility. It lies within the N4047' 3.4152" and E70 0' 37.3176". Rivers State University Teaching Hospital is a 
referral hospital and provides medical services in Pediatrics, Family Medicine, Anesthesia, Pathology, Laboratories, 
Surgery, Radiology, Obstetrics and Gynecology, Ophthalmology, Accident Centre and Surgical/Medical Emergency. This 
implies the presence of modern equipment and infrastructure for adequate health care delivery; hence, a high influx of 
patients from within and outside the state.  

2.2 Study Population  

The study population included patients with sickle cell anemia (SCA)- hemoglobin genotype SS and other hemoglobin 
genotypes-AA and AS patients attending the pediatric and adult sections of the sickle cell anemia clinic, non- sickle cell 
anemia who visited their relatives and friends with sickle cell anemia (SCA) on their clinic days during the study period. 
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Figure 1 Rivers State University Teaching Hospital (RSUTH); (Source: Elenwo[30]; Edokpa & Nwagbara [31]) 

2.3 Sample Size  

The sample size for this study was determined using the method of [32] with a confidence level of 95%, Z score =1.96, 
standard deviation of 0.5 and margin error (confidence interval) of + or - 5% =0.05.  

Sample size = (𝑧 𝑠𝑐𝑜𝑟𝑒)2 ×  𝑠𝑡𝑑 𝑑𝑒𝑣 ×  (1 −  𝑠𝑡𝑑 𝑑𝑒𝑣)/(Margin error)2 

=
(1.96)2 × 0.5 × (1 − 0.5)

(0.05)2  

= 
3.8416 × 0.5 × 0.5

0.0025
 

= 
3.8416 × 0.25

0.0025
 

= 384.16 

Total sample size: 385 samples. 

2.4 Questionnaire  

Self-structured questionnaire to collect information on age, gender, educational status, occupation and knowledge of 
genotype was produced and distributed to the participants.  Questionnaires for children/minors/wards less than 10 
years were filled by their parents on their behalf. 

2.5 Collection of blood samples  

Blood samples for this study were collected at the Rivers State University Teaching Hospital with the help of a laboratory 
technologist (Phlebotomist). About 2ml of blood was collected from each subject by standard vein puncture using a 2ml 
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syringe, into well labeled sterile specimen bottles containing ethylenediaminetetraacetic acid (EDTA) anticoagulant. 
The blood samples were used to determine the hemoglobin variants (genotype) of the participants using the method of 
[33] and to prepare thin and thick blood smears for microscopy using the method of [34]. Each prepared blood films 
was carefully observed under the light microscope using X100 objective lens with immersion oil.  

Hemoglobin variants of patients without knowledge of their genotype were determined using cellulose acetate 
electrophoresis method described by [33]. Cellulose acetate electrophoresis works with the principle that hemoglobin 
is a negatively charged molecule at alkaline pH 8.6 and will migrate towards the anode (+) when subjected to electric 
current. Different types of hemoglobin have different migration rates depending on their net negative charge. The buffer 
used determines the charge carried by the hemoglobin. Hemolysate is the product resulting from the lysis of red blood 
cells. To prepare the hemolysate, the anticoagulant blood samples were centrifuged at 2500 revolutions per minute 
(rpm) for five minutes in a bench centrifuge (Ocean Med+ England, model 800D). The supernatant plasma was discarded 
and packed cells were washed three times with large volume of saline. After the final washing, equal volume of distilled 
water, one quarter (1/4) volume of toluene and a drop of 3% potassium cyanide were added to the red cells and mixed 
properly to lyse them [33].   

2.6 Electrophoresis  

The buffer (Tris-acetate-borate buffer) was poured into the electrophoresis chamber. Cellulose acetate 
paper/membrane was cut in 40mm by 60mm rectangular size and placed inside the electrophoresis tank, with the shiny 
side down to soak in the buffer solution for 20 minutes. The buffer-soaked cellulose acetate paper was brought out using 
a stainless blunt tip forceps and placed between two layers of blotting papers to extract excess buffer from it but not to 
wipe dry. Using an applicator stick, 0.5ml of the already prepared hemolysate samples and already known heterozygous 
hemoglobin genotype AS control were applied on the cellulose acetate paper. The loaded acetate paper was immediately 
placed in the electrophoresis tank using the forceps. The tank was connected to the power supply and switched on to 
allow current run for 15 – 20 minutes. The result of hemoglobin variant distribution was read and recorded immediately 
The control was used to match the different hemoglobin variants according to their migration on the cellulose acetate 
paper as electric current was passed through it [33]. The results were graded into HbAA, HbAS, HbSS and HbAC. 

2.7 Determination of Parasitemia  

The level of parasitemia in each blood smear was ascertained using the malaria parasite ‘plus system’ count as described 
by [35]. Malaria parasite count of 1 to 10 parasites per 100 oil-immersion microscopic thick film fields were recorded 
as + (one plus) for scanty or low parasitemia; 11 to 100 parasites per 100 oil-immersion microscopic thick film fields 
were recorded as ++ (two pluses) for moderate parasitemia and 1 to 10 parasites per single oil-immersion microscopic 
thick film field were recorded as +++ (three pluses) for severe parasitemia [35,36]. The overall prevalence of malaria in 
the study population was calculated in percentage and the prevalence of malaria with regards to the different genotypes 
recorded were also calculated and analyzed. 

2.8 Statistical Analysis  

All data was checked for consistency before entry onto a database. Analysis of variance (ANOVA) statistical tool was 
used for analyzing the trend of malaria parasites occurring in different genotypes of samples investigated. Students’ T- 
test was used to analyze malaria parasitemia between homozygous (HbSS) and heterozygous (HbAS) genotypes. 

2.9 Ethical Clearance  

Ethical clearance for this study was approved by Rivers State Health Research Ethics Committee, Rivers State Hospitals 
Management. 

3. Results and discussion 

3.1 Overall Prevalence of Malaria in relation to Genotype 

The results indicated that out of 385 persons examined for the presence of malaria parasite in relation to genotype, an 
overall prevalence of 265(68.8%) was recorded. Of the 265 infected persons, 170 (64.2%), 82 (30.9%) and 13 (4.9%) 
were AA, AS and SS respectively (Table 1).  The results showed a significant relationship (P< 0.05) and marked 
difference in the prevalence of malaria in persons with the three major genotypes (AA, AS and SS). Severe parasitaemia 
(+++) was recorded in AA (73.7%), followed by AS(21.1%) and SS (5.3%). Similarly, moderate parasitaemia (++) was 
observed in AA (70.4%), followed by AS (27.5%) and SS (2.0%) while scanty parasitaemia (+) was found in AA (58.8%), 
followed by AS (34.5%) and SS (6.8%) (Table 1).  
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Table 1 Overall Prevalence of Malaria in relation to Genotype  

Genotype No. Positive for malaria (%) 

+ ++ +++ Total  Positive(%) No. Negative(%) Total 

AA 87(58.8) 69(70.4) 14(73.7) 170(64.2) 69(57.5) 239(62.1) 

AS 51(34.5) 27(27.5) 4(21.1) 82(30.9) 45(37.5) 127(33.0) 

SS 10(6.8) 2(2.0) 1(5.3) 13(4.9) 4(3.3) 17(4.4) 

AC 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 1(0.8) 1(0.3) 

No. Genotype 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.8) 1(0.3) 

TOTAL 148(38.4) 98(25.5) 19(4.9) 265(68.8) 120(31.2) 385(100) 

AA=Normal adult haemoglobin genotype. AS=Heterozygous haemoglobin A and S; SS= Homozygous haemoglobin S genotype. AC= Heterozygous 
haemoglobin A and C; + = Scanty infection (1-10 trophozoites in 100 microscopic field); ++ = Moderate infection (11- 100 trophozoites in 100 

microscopic field); +++ = Severe infection (1-10 trophozoites per microscopic thick field) 

3.2 Prevalence of Malaria between Homozygous-Sickle Cell Anemia (HbSS) and Heterozygous-Sickle Cell 
Trait (HbAS) Sickle Hemoglobin Gene Subjects 

Result of homozygous sickle hemoglobin genotype (SS) and the heterozygous sickle hemoglobin genotype (AS) 
indicated that out of the 144 that tested positive for haemoglobin S (HbS) gene, 127 (88.2%) and 17 (11.8%) were AS 
and SS genotype respectively. The prevalence of malaria in HbAS and HbSS combined population was 95 (65.9%) while 
the prevalence of malaria among HbAS and HbSS were 82 (64.6%) and 13 (76.5%) respectively (Table 2). Out of the 
127 persons that tested positive for HbAS gene, 82(64.6%) had malaria, of which 4(80.0%), 27(93.1%) and 51(83.6%) 
had severe (+++), moderate (++) and scanty (+) parasitaemia respectively. Similarly, of the 13 persons that tested 
positive for HbSS, 1(20.0%), 2(6.9%) and 10(16.4%) had severe (+++), moderate (++) and scanty (+) parasitaemia 
respectively (Table 2). There is no statistically significant difference (P > 0.05) in the prevalence of malaria between 
both hemoglobin genotypes.  

Table 2 Prevalence of malaria between homozygous (HbSS) and heterozygous (HbAS) sickle haemoglobin gene (n=144) 

 No. Positive (%) No. Negative (%) Total (%) 

Genotype + ++ +++ Total No. Positive (%)   

AS 51 (83.6) 27 (93.1) 4 (80.0) 82 (64.6) 45 (35.4) 127 (88.2) 

SS 10 (16.4) 2 (6.9) 1 (20.0) 13 (13.7) 4 (8.2) 17 (11.8) 

Total 61 (42.4) 29 (20.1) 5 (3.5) 95 (65.9) 49 (34.0) 144 (100) 

AS = Heterozygous Hemoglobin A and S; SS = Homozygous Hemoglobin S genotype; + = Scanty (1 – 10 trophozoites in 100 microscopic thick fields); 
++ = Moderate (11 – 100 trophozoites in 100 microscopic thick fields); +++ =Severe (1 – 10 trophozoites per microscopic thick field) 

3.3 Prevalence of malaria in homozygous (HbSS) and heterozygous (HbAS) sickle haemoglobin gene in 
relation to some demographic factors (Age and Gender) 

The results also revealed that of out 144 persons that tested positive for HbS gene, 28(19.4%), 13(9.0%), 17(11.8%), 
4(2.7%), 8(5.6%), 14(9.7%), 20(13.8%), 24(16.8%), 8(5.6%), 6(4.2%) and 2(1.4%) were within the age bracket of < 
6years, 6-10years, 11-15years, 16-20years, 21-25years, 26-30years, 31-35years, 36-40years, 41-45years, 46-50years 
and >50years respectively.  Out of the 95 persons infected with malaria, 21%, 7.3%, 13.8%, 2.1%, 4.2%, 10.5%, 15.8%, 
14.7%, 5.3% and 5.3% belong to the age group of   < 6years, 6-10years, 11-15years, 16-20years, 21-25years, 26-30years, 
31-35years, 36-40years, 41-45years, 46-50years and >50years respectively. The age group of <6yrs have the highest 
infection rate (21.0%) while those in the age group of 10-16yrs have the least infection rate (2.1%) (Fig. 2). 
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Figure 2   Prevalence of malaria among homozygous (HbSS) and heterozygous (HbAS) Sickle haemoglobin gene in 
relation to age 

A total of 17 persons (11males and 6 females) tested positive to sickle cell anaemia (SCA). The overall malaria infection 
rate among sickle cell anaemia patients was 13 (76.5%). Out of the 13 infected SCA patients, 7(53.8%) and 6(46.2%) 
were males and females respectively (Table 3). Of the 7 infected males, 6 (85.7%), 0(%) and 1(14.3%) had scanty (+), 
moderate (++) and severe (+++) malaria infection respectively. Similarly, of the 6 infected patients, 4(66.7%), 2(33.3%) 
and 0(0%) had scanty (+), moderate (++) and severe (+++) malaria infection respectively (Table 3).    

Table 3 Prevalence of malaria in sickle cell anemia (SCA) in relation to gender (n=17) 

Gender 

 No. Positive (%) 

Total Infected (%) No. examined + ++ +++ 

Male 11 6(85.7) 0(0.0) 1 (14.3) 7(53.8) 

Female 6 4 (66.7) 2(33.3) 0 (0.0) 6 (46.2) 

Total 17 10(76.9) 2(15.4) 1 (7.7) 13 (76.5) 

SCA = Sickle Cell Anaemia; + = Scanty (1 – 10 trophozoites in 100 microscopic thick fields); ++ = Moderate (11 – 100 trophozoites in 100 
microscopic thick fields); +++ =Severe (1 – 10 trophozoites per microscopic thick field) 

This study was aimed at assessing the relationship between malaria and haemoglobin S (HbS) gene in individuals 
carrying the Hb S gene. In the study,out of 385 patients examined,  the prevalence of AA, AS, SS and AC was 62.1%, 33%, 
4.4% and 1%  respectively.  The frequency of AA (62.1%) in this study is lower than the 73.2% recorded by [37] at 
Burkina Faso, the 75.73% reported by [38]) at Delta State, Nigeria but higher than the 46.7% observed by [39] among 
patients attending two hospitals in Benue State, Nigeria. The 33% of AS reported in this study is higher than the 19.9%, 
8.2% and 29.9% recorded by [37,38,39]. In our study, SS had a frequent of 4.4% which is in agreement with the 4.37% 
reported by [38], higher than the 0.2% and 0% reported by Bougouma et al. [37] and Fada et al. [39] respectively but 
lower than 22% reported by [40] in part of Cameroon.    The decreasing trend in malaria parasitemia among the 
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genotypes (AA:64.2%; AS: 30.9%; SS:4.9%) is in agreement with results of other studies [37,41,42]. Similar trend has 
been recorded in other parts of Nigeria by [38] in Benue State, [43] in Ilorin, [44] in Okada and [45] in Ogbomoso.  Our 
result is however at variant with the record of [ 6,9, 47, 48, 49. The high prevalence of AA in the study may be attributed 
to natural selection against HbSS [38]. It is also an indication that AA is highly susceptible to malaria [25,51]. The result 
implies that patients with HbAS and HbSS gene enjoyed protection against malaria afforded by the presence of 
haemoglobin S. However, [48] reported that the protective advantage of the HbS gene is only found in its heterozygous 
form (HbAS).  

The parasites require copious amount of oxygen and haemoglobin A to enhance its growth and development, these 
factors are richly provided by normal haemoglobin gene (AA) unlike what occurs with abnormal haemoglobin (HbS) 
which is oxygen- deficient, polymerized and poorly digested by the parasite, hence the accumulation of haemin inhibit 
the replication and survival of the parasites [39, 52, 53].  In normal haemoblobin A (HbA), the parasite enzyme known 
as malarial haem polymerase converts the harmful component of hemoglobin known as haemin (ferriprotoporphyrin) 
into the non-toxic chemical known as haemozoin during digestion, allowing the parasite to survive. However, because 
the parasite has difficulty digesting HbS, haemin builds up and prevents the parasite from reproducing and surviving in 
red blood cells that contain HbS [39].  

The prevalence of malaria in heterozygous sickle cell (HbAS) and homozygous sickle cell (HbSS) patients was 64.5% 
and 8.2% respectively. This result is in accordance with the report of [39, 54, 55].  This implies that the Hb gene, in its 
protective effect may nt prevent infection of the blood cell by malaria parasite [56, 57]. but may prevent the progression 
of the disease by inhibiting development of parasite [47, 48,  58]. Among these patients, children below the age of 6years 
had the highest prevalent of malaria, although the parasitemia was scanty (+) than other age groups, no severe (+++) 
malaria was recorded.  This is consistent with the record of other researchers [39,41,42]. This could be explained by the 
low immunity to malaria infection in children [37,51]. A condition that led to high malaria-related mortality rate among 
children with HbSS gene [24,40,59] . 

The low malaria prevalence (4.4%) observed in patients with homozygous haemoglobin S (HbSS) or sickle cell anaemia 
(SCA) is in agreement with the findings of other scholars[22,23,24,25,40,60. Again, Eleonare recorded low malaria 
parasite density in patients with SCA. The low parasitemai recorded in this study may be as a result the protective 
impact of the mutant gene (HbS) causing accelerated clearance of the parasites and the hypoxia in red blood cells [40].  

Malaria parasitemia between males and females in patients with homozygous sickle cell (HbSS), also called sickle cell 
anaemia (SCA) was not statistically significance, although males (53.8%) were numerically infected than females 
(46.2%). This result is contrary to the 53% and 47% recorded for females and males respectively by [61,62,63]. The 
high numerical prevalence of malaria in males than females may be attributed to differences in socio-economic status 
[39]. implementation of preventive measures against mosquito bite [64] (Ricci, 2012) and level of education [65,66]. 

4. Conclusion 

Malaria and sickle cell anaemia are major health concern especially in sub-Saharan Africa. This study has highlighted 
the influence of genotype on the level of malaria parasitemia. The study revealed that malaria is still prevalent in the 
study area and patients with normal haemoglobin (HbAA) are more susceptible to malaria with high parasitemia than 
individuals with abnormal haemoglobin (HbAS and HbSS).  In spite of this observation, it is necessary for individuals 
with abnormal haemoglobin S especially the homozygous sickle cell (HbSS)to be administered with regular antimalarial 
prophylaxis to reduce anemia and hemolysis caused by malaria parasite. 
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