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Malaria Prevalence Relative to Sociodemographic characteristics, ABO and Haemoglobin genotypes of Patients Attending a Tertiary Health Facility at Kano Northwest Nigeria. 


Abstract

Bachground: Malaria burden in Kano is high and reports on the prevalence of malaria and its association with socio-demographic factors, ABO and haemoglobin genotypes remain inconsistent. Aim: This research was designed to investigate the relationship between malaria prevalence and the socio-demographic as well as haemotological characteristics of patients. Facility – based independent cross sectional studies were performed at different periods, December 2012 – February 2013 and June – 2015 - January 2016. Methods: Blood sample collected from each of the 956 participants was examined by microscope to identify the Plasmodium species. The ABO blood groups were determined by agglutination using ERYCLONE antisera and haemoglobin genotypes by cellulose acetate electrophoresis. Data on sociodemographic profile was collected using structured questionnaire. Statistical analysis: Chi- Squared and ANOVA statistical tests were used to assess the association between malaria infection age, sex, knowledge, occupation use of LLINS, ABO and haemoglobin genotypes. Results: The cumulative malaria prevalence was 14.2%. The malaria positivity rate was higher among age group 1- 5 years (4.2%) and students (5.0%) and showed significant association with age χ2=27.362, df=4, p=0.001, occupation χ2=42.223, df=5, p=0.001 and intervention χ2=21.021, df=4, p=0.001 but not with gender χ2=0.446, df=1, p=0.283. Malaria infection was similar in blood group O (5. 9%) and A (5.85%) and strongly associated with blood group types (χ2=118.435, df=6, p=0.001). About 22.8%(n=218)were sickle cell heterozygotes  (HbAS) and 3.0%(n=29) homozygotes HbSS. Malaria prevalence of 9.7% in  HbAS group and 1.5% in HBSS were significantly lower χ2=28.421, df=1, p=0.001 compared to HBAA. Conclusion: Based on this findings, it may be concluded that malaria prevalence is significantly associated with Age, blood group and hemoglobin genotype.
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Introduction
Nigeria is among the eleven countries of the world reckoned with a high burden of malaria (WHO,2023) The country was reported in 2022 to account for an estimated 67.2 million cases and 188,480 (31%) of the death due to malaria (WHO, 2023). A countrywide surveillance of 586 clusters and analysis of data collected from the District Health Information System revealed 22% as the overall prevalence of malaria in Nigerian children (NMIS, 2021). The prevalence of malaria was observed to vary significantly between the geopolitical zones and the highest prevalence (29%) and highest risk (21.57%) of contracting malaria were recorded in Northwest, Nigeria (Isiko et al., 2024). The distribution of malaria between the states in Northwest was heterogeneous and the prevalence ranged from 26% in Kano to 46% in Kebbi state (NMIS, 2021). Several previous health facility based surveys which were conducted at Kano have reported values for malaria prevalence varying widely from 39.2% to 62.5% (Taura et al., 2009; Gajida et al., 2010). Earlier studies on malaria among pregnant women attending ant-natal clinics at various hospitals in Kano reported malaria positivity rates of 51.7% 5, 37% at a primary health facility (Gajida et al., 2010). The recent study reported malaria prevalence as 35% and 62% at different tertiary health facilities located at Kano Municipality (Galadanci et al., 2024). Similar community based studies in the past, have reported 59.1% and 62.6% as prevalence of P. falciparum at Garki in Jigawa and five different LGAs in Kano state respectively (Molineaux, et al., 1980; Dawaki et al., 2016). Researchers who investigated the epidemiology of malaria in Kano and other places in Nigeria have established variable relationship between malaria prevalence and socio-demographic factors (Dawaki et al., 2016, Ibrahim et al., 2022). Malaria prevalence has been reported to vary significantly with age, gender, pregnancy status, level of income, literacy and size of family and use of Long Lasting Insecticidal Nets (LLINS) (Isiko et al., 2024) and in contrast significant association has not been found between malaria prevalence and these demographic parameters (Ibrahim et al., 2022; Sawna et al., 2018; Jegede at al., 2020). Malaria in human has been shown also to be influenced by genetic polymorphisms notably ABO blood groups and haemoglobin genotypes (Degarege et al 2019; Fleming et al., 1979; Zerihun et al., 2011). Several epidemiological investigations have shown an increase in  severity of P. falciparum infection among individuals with blood group A and a decrease among those with blood group O(Afoakwah et al., 2016; Rowe  et al., 2007) while others have reported lack of relationship of ABO blood system with severe malaria (Kuadzi et al., 2011; Fischer et al., 1998). Some studies still reported increased severity of P. falciparum among individuals with blood group B or AB rather than A (Panda  et al., 2012) and findings on  the  association of the ABO blood group with level of  P. falciparum remain inconclusive (Degarege et al., 2019). The heterozygote mutant HbAS genotype has been consistently reported to offer protection against severe as well as uncomplicated malaria and parasitaemia (De Mendonça et al., 2012). Hitherto, studies on epidemiology of malaria in Kano focused on socio-demographic factors but little is known about the effect of ABO and haemoglobin genotypes in particular. The aim of this study was to investigate the relationship of socio-demographic factors, ABO blood group and haemoglobin genotypes with malaria prevalence.   

MATERIAL AND METHOD
This study was carried out at a Tertiary Health Facility in Kano, Nigeria between December 2012 – February 2013 and   June 2015- January 2016. 
Ethics
Ethical approval for this study was obtained from a Tertiary Health Facility Research Ethics Committee.
Inclusion criteria
Children and adults who attended the tertiary care teaching facility and presented with malaria febrile symptoms were included in the study. 

Exclusion criteria
Children and adults who are under malaria treatment were excluded from the study. 
Study population
 The study population comprised of children and adults who attended a Tertiary Health Facility and presented with febrile symptoms. The consenting participants drawn from Emergency Pediatric Unit, Pediatric Out-Patient, General out-Patient Department and Medical wards were selected by systematic random sampling (Cheesbrough, 2005).The patients were classified by age as children (1 – 12), adolescent (13 – 18) and adults
Sample size
The minimum sample size 323, was calculated using Fisher’s formula9. However, to improve the predictive power the sample size for each of the study was raised to 500
Informed consent
A structured questionnaire was administered to all consenting participants to capture demographic characteristics including age, sex, marital status, educational level, income, occupation, use of LLINS and other personal protective measures against mosquitoes. Written informed consent was obtained from all the volunteered participants. Consent for participants under 18 years old was provided by their guardians or parents. All physical risk associated with the procedure were clearly spelt out to the participant and their guardians
Collection and Preparation of Blood Specimen 
Blood samples were collected using sterile needles and syringes  and transferred  into plain bottles for coagulation and EDTA vacutainer tubes (Becton Dickson) for malaria parasite tests and hematological studies. 
Preparation of Blood Films 
Thick and thin blood films were prepared on the same slide for each subject and stained using 10% Giemsa stain as described (Cheesbrough, 2005). A small drop of blood was placed at the center of a clean, grease-free microscope slide  and a larger drop, about 15mm at one end. Using a smooth edge slide spreader, the thin blood film was immediately spread, while the larger drop was spread to create a thick film covering an area of approximately 15 x 15mm. The slide was left to air dry. The thin film was fixed with absolute methanol for two minutes. 
Giemsa Staining Technique 
Giemsa stain was diluted to a 10% solution (90ml buffered distilled water pH 7.0 to10ml in a measuring cylinder and mixed. Slides were placed on a staining rack and flooded with the diluted stain, allowed to stain for 45-60 minutes. After staining, the slides were washed with buffered distilled water pH 7.0, wiped with cotton wool, and then air-dried. A drop of oil immersion was applied to a well-stained  thin area of the film, which was then examined for presence of malaria parasites and pigments (Cheesbrough, 2005). Blood films were defined as negative if no parasite was observed in 100× oil immersion fields (magnification, ×1,000) on thick film. A slide was considered positive when at least one parasite was found. If no parasite was found in 200 oil fields, the slide was considered as negative. Density of the parasite was measured from thick blood smears by counting the number of parasites per 200 leukocytes and expressed as parasites/μl. The parasite density was calculated according to the WHO standard formula (Kotepui et al., 2015)
ABO blood group determination
ABO blood groups were determined by agglutination using commercial antisera (Agappe and Smart Ltd, Ipswich, Suffolk, UK) (Pathirana et al., 2005). A drop of antisera for blood group A, B and AB was placed each in a separate plastic tube (38×6.4mm) . Then, one drop of a 2% suspension of the patients red cells was added to each tube. The suspension were mixed and left for 1-2 hours at room temperature after which the tubes were examined for presence of agglutination.
Haemoglobin genotype
About 0.3ml of blood sample was used to prepare hemolysate by centrifuge at 3000g for ten minutes. Plasma was removed by aspiration and the precipitate (blood cell layer) resuspended in equal volume of normal saline (0.85% Nacl) for washing. The washing was repeated three times and finally resuspended in equal volume of the saline. Fourty microliter of the red blood cell suspension was mixed with equal volume of distilled water to lyse the blood cell. The haemoglobin lysate was used for determination of haemoglobin genotypes. A small quantity of hemolysate was placed on a cellulose acetate membrane and introduced into the electrophoretic tank containing tris-EDTA-borate buffer at pH 8.6. The machine was set at 160v and  allowed to run  for 15 to 20 minutes.  The results were read immediately. Hemolysate from blood samples of known haemoglobin (AA, AS, AC, SC, CC and SS) were run as controls.

RESULTS 
Socio demographic characteristics and Malaria Prevalence 
A total of about 956 subjects comprising males (46.0%, n=440) and females (54.0%, n=516) participated in this study. About 14.2% (n=136) of the participants were found to be malaria positive. The specie prevalence was dominated by Plasmodium falciparum with 12.3%(n=118), Plasmodium malariae 1.0%(n=9), Plasmodium ovale 0.6%(n=6) and Plasmodium vivax 0.3%(n=3) as indicated on Fig. 1. 

[image: ]
Fig.1: Shows the distribution of malaria parasite among participants and prevalence of the species of plasmodium parasites among the positive participants. P=plasmodium Pf= P. falciparum, Po=P. ovale, Pm=P. malariae, Pv=P. vivax


Sociodemographic characteristics

The age of the study population ranged between 1– 65 years with majority being within the age group of 21-35 years (39.7%, n=380), followed by 6-20 years age group (26.3%, n=251) then 19.2% constitutes the age group 1-5 years (n=184) with the least (4.4%, n=42) falling within the age of 51-65. The prevalence of malaria based on the age group of the participants was observed to be higher among the age group 1-5years (4.2%, n=40), 21-35 years (3.6%, n=34) and 6-20 years (3.5%, n=33). There is statistically significant association (χ2=27.362, df=4, p=0.001) between the age and malaria prevalence as shown on Table 1. Majority of the participants were females (54.0%, n=516) as against their male counterparts (46.0%, n=440). Female had (8.0%, n=77) more prevalence of malaria than the males (6.2%, n=59) There was no significant association (χ2=0.446, df=1, p=0.283) between malaria prevalence and gender (Table 1). As for occupation, Students (50.0%, n=478) were the majority, followed by House wives (19.5%, n=187), civil servants (12.6%, n=120) and pre-school children were 8.95(n=85). Malaria prevalence was shown to be higher among the students (6.6%, n=63) followed by the pre-school category (2.1%, n=20) with the least prevalence seen among farmers (0.9%, n=9). Statistical analysis showed significant association (χ2=42.223, df=5, p=0.001) between occupation of the participants and malaria prevalence as shown on Table 1.

Table 1: distribution of malaria prevalence on sociodemographic characteristics of study participants
[bookmark: _Hlk182848993]
	Age
(years)
	Number examined
    (n%)
	                        Malaria Prevalence

	 
	 
	Positive
(n%)
	Negative
(n%)
	     Df
	χ2
	P-value

	01-05
	184 (19.2)
	40 (4.2)
	144 (15.0)
	4
	27.362
	0.001

	06-20
	251 (26.3)
	33 (3.5)
	218 (22.8)
	 
	 
	 

	21-35
	380 (39.6)
	34 (3.6)
	346 (36.2)
	 
	 
	 

	36-50
	99 (10.4)
	16 (1.7)
	83 (8.7)
	 
	 
	 

	51-65
	42 (4.4)
	13 (1.4)
	29 (3.0)
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Gender
	 
	 
	 
	 
	 
	 

	Male
	440 (46.0)
	59 (6.2)
	381 (39.9)
	1
	0.446
	0.283

	Female
	516 (54.0)
	77 (8.0)
	439 (45.9)
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Occupation
	 
	 
	 
	 
	 
	 

	Civil servants
	120 (12.6)
	14 (1.5)
	106 (11.1)
	5
	42.223
	0.001

	Private practitioners
	69 (7.2)
	17 (1.8)
	52 (5.4)
	 
	 
	 

	Farmers
	17 (1.8)
	09 (0.9)
	08 (0.8)
	 
	 
	 

	House wives
	187 (19.5)
	13 (1.4)
	174 (18.2)
	 
	 
	 

	Students
	478 (50.0)
	63 (6.6)
	415 (43.4)
	 
	 
	 

	Pre-school
	85 (8.9)
	20 (2.1)
	65 (6.8)
	 
	 
	 


n=number examine, %=percentage, χ2=chi square, df= degree of freedom



Malaria prevalence and the ABO/Rh blood group.
[bookmark: _Hlk182563936]The prevalence of malaria with respect to ABO/Rh blood groups is shown in Table 2. Majority of the subjects were “O” Rhesus positive (43%, n=411) followed by “A” Rhesus positive (26.6%, n=254) and “B” Rhesus positive (21.5%, n=206) while others were “AB” Rhesus positive (6.0%, n=57), “O” Rhesus Negative (1.2%, n=11), “A” Rhesus negative (1.2%, n=11), and “B” Rhesus negative (O.6%, n=6). There were no “AB” Rhesus negative among the participants. Distribution of malaria infection showed that Rhesus blood group “O” Rhesus positive had the highest malaria prevalence of 5.9% (n=56) followed by “A” Rhesus positive (5.85, n=55) as compared to “A” Rhesus negative (1.2%, n=11) and “AB” Rhesus positive (1.1%, n=10). The least malaria infection was detected among participants with blood groups B+ (0.1%, n=1) and “B” Rhesus negative (0.3%, n=3). Participants with blood group “O” Rhesus negative had no malaria infection. Statistical analysis showed a significant association (χ2=118.435, df=6, p=0.001) between the malaria infection and the blood group types. 







Table 2. Malaria prevalence with different blood group of the participants
	ABO/Rh
	Number examined
	                        Malaria Prevalence

	 
	n (%)
	Positive 
(n%)
	Negative (n%)
	Df
	χ2
	P-value

	O+
	411 (43.0)
	56 (5.9)
	355(37.1)
	06
	118.435
	0.001

	O-
	11 (1.2)
	00 (0.0)
	11(1.2)
	 
	 
	 

	A+
	254 (26.6)
	55 (5.8)
	199(20.8)
	 
	 
	 

	A-
	11 (1.2)
	11 (1.2)
	00 (0.0)
	 
	 
	 

	B+
	206 (21.5)
	01 (0.1)
	205 (21.4)
	 
	 
	 

	B-
	6 (0.6)
	03 (0.3)
	03 (0.3)
	 
	 
	 

	AB+
	57 (6.0)
	10 (1.1)
	47 (4.9)
	 
	 
	 

	Total
	956(100)
	136(14.2)
	820(85.8)
	 
	 
	 


n=number examine, %=percentage, χ2=chi square, df= degree of freedom 


3.3 Malaria prevalence and haemoglobin genotype  
The distribution of the Hb genotype among the participants and their association with malaria parasites is shown in Table 3. About 74.2%(n=709) of the participants were normal HbAA and 22.8%(n=218) were sickle cell trait (HbAS) while 3.0%(n=29) were homozygotes HbSS. The HbAA group had the highest malaria prevalence of 9.7%(n=93) compared to (HbAS) group with malaria prevalence of 3.0%(n=29) while HbSS had the lowest prevalence of 1.5%(n=14). Statistical analysis showed a significant association (χ2=28.421, df=1, p=0.001) between the malaria infection and the haemoglobin genotypes. 
Table 3. Malaria prevalence and heamoglobin genotype of the study participants
	Hb genotype
	
	Number
examined
	Malaria prevalence
	
	
	

	
	
	
n(%)
	Positive
n(%)
	Negative
n(%)
	df
	χ2
	p-value

	HbAA
	
	709 (74.2)
	93 (9.7)
	616 (64.4)
	02
	28.421
	0.001

	
HbAS
	
	
218 (22.8)
	
29 (3.0)
	
189 (19.8)
	
	
	

	
HbSS
	
	
29 (3.0)
	
14 (1.5)
	
15 (1.6)
	
	
	

	
Total
	
	
956(100)
	
136(14.2)
	
820(85.8)
	
	
	


Hb=heamoglobin, AA (HbAA) = Normal, AS (HbAS) heterozygous, SS (HbSS) homozygous, n=number examine, %=percentage, χ2=chi square, df= degree of freedom 




Types of interventions 

Table 4. shows the types of interventions used by the participants as well as malaria prevalence. A sizeable number of the participants (36.8%,n=352) used mosquito coils as a means of personal protection against malaria ,followed by 23.5%(n=225) that used bed nets and while 10.4% (n=99) and 8.3% (n=79) used Insecticidal spray and Rambo paper® respectively. However, 21.0%(n=201) claimed to be using window and door screening, smoke, incense and fumigation. On analysis, the participants using mosquito coils and bed nets had the highest malaria prevalence of 4.8% and 4.5% respectively. Statistical analysis showed a significant association (χ2=21.021, df=4, p=0.001) between the malaria infection and the type of intervention used. 
Table 4. Malaria prevalence and Intervention types used by the participants.
	Intervention
	              number of 
            participants (%)
	Prevalence
(n%)
	Df
	χ2
	P-value

	Mosquito coil
	352 (36.8)
	4.80%
	4
	21.021
	0.001

	Bed nets
	225 (23.5)
	4.50%
	 
	 
	 

	Insecticide sparay
	99 (10.4)
	2.10%
	 
	 
	 

	Rambo paper
	201 (21.0)
	1.80%
	 
	 
	 


n=number examine, %=percentage, χ2=chi square, df= degree of freedom

DISCUSSION 
 This study investigated the prevalence of malaria among 956 febrile patients and its association with the blood groups, hemoglobin genotypes, demographic and socio-economic characteristics of the subjects. The results showed an overall malaria prevalence of about 14.2% in the participants during the two periods of the study (December 2012 – February 2013; and June 2015 – January 2016). This prevalence rate is much lower than the malaria prevalence ranging from (37.8% - 64.9%) that has been reported from previous health – facility based studies conducted at Kano (Oladele et al., 2016). The comparatively lower rate of malaria prevalence in this study may be associated with large proportion of adults (70%) compared to younger age group (30%) in the subjects studied previously. In contrast, a malaria prevalence of 37.8% has been reported in children and 39.2% in pregnant women (Gajida et al. 2010) and these categories have been shown to be more vulnerable to malaria than others in the endemic areas (Bawa et al., 2014; Nmadu et al., 2015). Higher malaria prevalence rates have also been reported from studies which were conducted in health facilities located at urban 60.6% and rural 84% LGAs of Kano state (Dawaki et al., 2016; Nas et al., 2017). The significant variations in prevalence of malaria ranging from the 14.2% reported in this study to 84% in the previous studies that were conducted at different times and health facilities in Kano state reflect the heterogeneity of malaria transmission in the state. Malaria prevalence have been shown to vary in Nigeria from less than 20% in some locations to more than 70% in others based on climatic, geographical and local ecological differences (Snow et al., 2019). The low prevalence rate reported here may alternatively also be attributed to the scale up of malaria interventions including mass distributions of LLINS, intermittent treatment of pregnant women and seasonal malaria chemotherapy witnessed in the period of study (NMIS, 2021). Recent analysis of demographic and health survey program data in Nigeria has demonstrated a general decline and low malaria positivity rate in urban areas (Chiziba et al., 2024). The health facility where this study was conducted is situated at the municipal area of Kano, one of biggest urban settlements in Nigeria and it is assumed that the participants 82.1% of whom were students, civil servants and housewives were urban dwellers. The 14.2% malaria prevalence found in our study is similar to the earlier studies which reported low malaria infection rates of 8% and 9% in urban Lagos (Brieger et al., 2001; Oyibo et al., 2023). Worth-noting observation was that most of the participants recruited in this study presented clinically with fever but about 86% tested malaria negative. This probably suggests that the malaria negative subjects might have been suffering from fevers of bacterial or viral origin. 
Variations in malaria prevalence observed between different study subjects tend to be associated with differences in the demographic and socio-economic characteristic of each group. The age group 1- 5 years had the highest infection rate compared to the other groups and the pattern of malaria prevalence tended to be decreasing with increasing age of the individual participant. This result confirmed the findings of most of the previous studies which were conducted at places located in the same geopolitical zone as the study area and others elsewhere (Molineaux 1980; Dawaki et al., 2016;, Fana et al., 2015; Adigun et al., 2010).  The pattern of parasite rate, defined as proportion of persons found positive by examination of 200 microscope fields decreasing by age was invariably associated with increasing immunity in the older age groups. Dawaki et al. in a community – based study have shown significant association of malaria prevalence with the age group 12 years and above. Children less than five years have been demonstrated more likely to have malaria infection and high parasite rate than adults (Schumacher et a., 2012). In this study, high malaria prevalence has been recorded also in the age group 21 – 30 years particularly among students, and this may be associated with the greater risks of exposure to infectious mosquito bites while in the school because as students, they might have been excluded from the mass distribution of LLINS which focused on the households rather than schools in the community. Also the habit of not sleeping under nets or staying too long outdoors due to the climatic changes may further explain the high malaria prevalence2. It is habitual also for the students to stay longer outdoors early morning or late nights especially during periods of the examination. These hours of the day often coincide with hours of biting peaks of Anopheline mosquito populations documented in the study area (Yayo, A.M., unpublished data). We have not found strong association between malaria prevalence and gender as has been reported earlier by several others (Swana et a., 2018). In contrast, lower prevalence of infection with P. falciparum and P. malaria has been reported in females beyond the age of five years than in males (Molineaux,1980). A parallel, serological investigation revealed high level of immunoglobulin in females suggesting a better immune response than in males (Molineaux, 1980). We did not conduct immunological studies to compare the humoral immune response of the male and female participants, however the current exorbitant cost of living and increasing inflation affecting essential food items and consequent poor nutritional status of the people might lower the immunity rendering the adults equally vulnerable to malaria irrespective of gender.   
A significant association was observed between malaria prevalence, occupation and types of protective measures against mosquitoes used by the participants. This finding is similar to the findings reported earlier (Swana et al., 2018, Fana et al., 2015; Biruksew et al., 2023). A significant decrease in the mean density of P. falciparum in the urban areas of Democratic Republic of Congo was attributed to the effect of malaria control interventions (Swana et al., 2018). Absence of insecticide-treated nets among the other parameters have been shown to be significantly associated with asymptomatic malaria infections among school children in Ethiopia (Biruksew et al., 2023). On the other hand the significantly lower malaria prevalence observed among the farmers, housewives, civil servants and private practitioners that participated in this study may be associated with their nature of occupations as well as their relatively high socioeconomic status. They were perhaps likely to be less exposed to mosquito bites because they could afford to use mixture of personal protection measures. The association between malaria prevalence, socioeconomic status, poverty and occupational activities has been well documented (Reuben et a., 1993,39. Occurrence of a malaria – poverty cycle in malaria – endemic areas has been hypothesized, with malaria reinforcing poverty while poverty reduces the ability to deal with malaria (Wagman, 2018).              
The results showed that the participants usually used mosaic of interventions but mosquito coils and bed nets were significantly more widely used compared to Rambo paper and insecticidal sprays. It was probable that the affordability and accessibility of the mosquito coils made it the most widely used form of intervention compared to the insecticidal spray or Rambo paper. On the other hand, the free mass distribution of Bed nets during programmatic campaigns made the LLINS second preferred mosquito control method compared to others that were available. The use of mosquito coils has gained widespread patronage in the developing world. Yang et al 2016 and Rahman et al.(2011) estimated that about 50 billion mosquito coils are burnt annually by approximately two billion people worldwide. The proportion of the at risk group in Sub-Saharan Africa sleeping under LLINS has increased from 5% in 2000 to 53% in 2015 (Minta et al., 2017). There have been conflicting reports on the effect of condition of LLINS and malaria. Minta et al (2017) showed that LLINs with holes were not associated with increased odds of malaria while Irish (2014) showed that in experimental hut studies mosquito feeding increased as holes in bed nets increased. Rehman et al (2011) showed that children sleeping under intact nets had lower odds of Plasmodium falciparum infection compared to those who slept under LLINs with holes. On the other hand, Muñoz-Laiton et al (2024) observed a higher malaria prevalence in households with a “moderately torn” or “too torn” nets. The long term effectiveness of LLINS as tool for control of malaria in the study area is currently threatened by increasing resistance to pyrethroid insecticides detected in local populations of the major malaria vector species An. gambiae (Safiyanu et al., 2017).
The distribution of the study population according to ABO blood groups: 43% O, 26.6% A, 21.5% B and 6% AB was similar to that documented in the report on the study of epidemiology and malaria control conducted by WHO at Garki district of former Kano state (Molineaux, 1980). The result also confirmed what is known about the pattern of the global distribution of ABO blood system (Christian et al., 2015). Striking differences with respect to frequency and distribution of ABO blood groups between populations in varied geographic locations and tribes within the same locations have been reported. These differences have been related to a number of factors including natural selection, genetic drift, founder effect, and mutations (Christian et al., 2015). We have not classified the prevalence of the blood groups by tribes but more A and less B have been reported in Fulani than Hausa (Molineaux, 1980). The overall analysis of the parasitological results obtained from the subjects showed that the ABO group is associated significantly with malaria prevalence confirming previous findings in Nigeria and elsewher (Degarege et al., 2019; Panda et al., 2011). However, comparism of prevalence of infection with P. falciparum between the groups revealed no significant difference between the non-O and  O blood groups in agreement with (Molineaux, 1980) but in contrast to others who have demonstrated the protection of blood type O against the severe malaria (Tekeste et al., 2020; Wassmer et a., 2016). Several studies have shown strong evidence that the ABO phenotype modulates disease severity of P. falciparum malaria, with blood type A being associated with severe disease and blood type O with a milder form of the disease (Kuesap et al., 2018). This association is further supported by the increased prevalence of blood type O in malaria endemic areas (Tekeste and Petros, 2010). However, the exact mechanisms by which blood type O protects against severe malaria remain unclear. A number of studies have indicated that decreased rosetting is likely a major mechanism by which Pf – infected type O RBCs might protect against severe malaria (Lee et al., 2022). 
4.5 malaria prevalence and the genotype  

The 22.8% of HbAS among the participants is in concordance with what is known about the geographical distribution of abnormal haemoglobins reviewed by (Livingstone, 1971). Similar historic studies conducted in parts of northern Nigeria within the same ecological belt with area of this study, reported frequencies of HbAS ranging from 11% in Sokoto to 28.9% in Garki8. Livingstone (1971) reported a frequency of 25% in Southern Nigeria. We found significantly lower malaria parasite positivity rate in the participants with sickle cell trait HbAS compared to the normal HbAA (χ2=28.421, df=1, p=0.001) and the homozygous  HbSS individuals were 50% less likely to have P. falciparum malaria. This result has demonstrated clearly the protection of HbAS gene against P. falciparum and confirmed the findings of several previous studies in West African region (Molineaux, 1980; Fleming et al., 1979, Taylor et al., 2012). The heterozygote mutant HbAS genotype ras P. falciparum parasitaemia and death due to the disease (Taylor et a., 2012; Mangano et al., 2015; Billo et al., 2012). Abnormal display of PfEmp-1 and acceleration of acquired immunity have been proposed as potential protective mechanisms for sickle cell; Pasvol et a., 1978). Pasvrol et al. (1978) has shown the growth rate of P. falciparum to be retarded in HbS containing erythrocytes under condition of low oxygen tension.
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