


Prevalence of submicroscopic Plasmodium falciparum infection across age groups and gender at General Hospital in a fast-developing town in South-South Nigeria



Abstract
Submicroscopic Plasmodium falciparum infections pose significant challenges in malaria elimination efforts, particularly in endemic regions. This research aimed to investigate the prevalence of submicroscopic Plasmodium falciparum infection among patients at General Hospital Ikot Ekpene, Akwa Ibom State, Nigeria. The study included male and female participants aged 1 to 60 years, excluding pregnant women and individuals who had taken Artemisinin-based Combination Therapies (ACTs) or herbal treatment within the preceding two weeks. Malaria diagnosis was carried out using Malaria Rapid Diagnostic Test (mRDT), Microscopy and Real-time Polymerase Chain Reaction (qPCR). Submicroscopic malaria cases were determined by Real-time Polymerase Chain Reaction (qPCR), owing to its higher sensitivity. Out of 382 samples analyzed, a total of 132 true positive cases of Plasmodium falciparum infections were detected, among whom were 28 (7.3%,) cases of submicroscopic infections. The prevalence of Submicroscopic Plasmodium falciparum infection in the study population as detected by qPCR was 7.3%, and common across all ages represented in the following order:1-10years had a prevalence of 5.9%, 11-20years had 8.2%, 21-30years had 7.4%, 31-40years had 7.9%, 41-50years had 14.0%), while 51-60years had 2.8%, respectively. Regarding the prevalence of submicroscopic Plasmodium falciparum infection and gender detected by qPCR, females recorded 7.5% while males had 7.2%. The study revealed significant burden of submicroscopic Plasmodium falciparum infections across age groups in the study area with no bias to gender, which is crucial for guiding malaria control strategies and interventions.
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1. Introduction
The persistent challenge of Plasmodium falciparum infection continues to loom over global public health, maintaining its status as a foremost parasitic contributor to morbidity on a global scale [1,2]. Malaria infection can be asymptomatic (subclinical), usually identified by active surveillance, or symptomatic (leading to treatment), with the former involving mild signs and long-term health implications but the latter not requiring medical attention [3, 4]. Routinely, rapid diagnostic assays (specific to HRP2) or microscopy of blood films are used for malaria diagnosis. Increasingly, molecular techniques which are more sensitive than either microscopy or mRDT are being used in research settings in recent years. These techniques, which are typically PCR-based, have demonstrated the prevalence of parasite concentrations below the cutoff point for standard techniques (100 parasites per microliter of blood) [5]. These submicroscopic infections can arise in diverse settings and among different populations; they may also be transmissible, making them relevant to public health even though they are not detectable by standard or routine diagnostic methods [6, 7]. Studies in Nigeria has highlighted the persistence of malaria infections among vulnerable groups like the pregnant women despite the availability of preventive measures [8, 9] , underscoring the need for more sensitive diagnostic tools and comprehensive control strategies. As we approach the goal of malaria elimination, there will be a need to eliminate both clinically symptomatic and “silent” infections, which may serve as reservoirs and contribute to ongoing transmission in the face of intervention targeting apparent infections. The aim of this study was to determine the prevalence of submicroscopic Plasmodium falciparum infection across different age groups and genders in the study population.
2.0 Materials and Methods
2.1 Study Area 


This study was conducted in Ikot Ekpene, Akwa Ibom State, located in the south-south region of Nigeria. It lies in the northwestern part of Akwa Ibom State, bordered to the east by Ini and Ikono, to the west by Essien Udim, to the south by Abak, and to the north by Obot Akara local government areas. Ikot Ekpene covers an area of approximately 116 km², positioned at 5°10′N latitude, 7°42′E longitude. As of 2022, its population was estimated at 180,500 people. 
The region is noted for its export of palm products: palm oil kernels, raffia and its wine. It serves as a commercial hub for Akwa Ibom State. Ikot Ekpene attracts inhabitants from neighboring LGAs and states for various economic and social activities. The climate is characterized by distinct rainy and dry seasons. Dominant economic pursuits include commerce, agriculture, animal husbandry, and tourism [10].

2.2 Study Population

Patients aged 1 year to 60 years, both symptomatic and asymptomatic individuals who were clinically diagnosed with malaria, while accessing healthcare at the General Hospital, Ikot Ekpene.
2.3 Eligibility Criteria
2.3.1 Inclusion Criteria

Participants included those who were eligible, and willing to participate in the study after being informed about the study protocols.

2.3.2 Exclusion Criteria

Exclusion criteria in this investigation were non-consenting individuals, patients who received anti-malarial therapy or herbal treatment in the preceding two weeks before sampling, pregnant women and children below 1 year old, to preclude the influence of maternally inherited immunity.

2.4 Sample Size

The prevalence rate of 35.44% from a study by [11] in Lagos State, Nigeria was used to calculate the study sample size. The sample size for this study was therefore determined using Andrew Fisher’s formula   [12]. Where,  is the minimum required sample size, Z is the standard value equivalent to 1.96 at 95% confidence level, P is 35.44% prevalence of submicroscopic Plasmodium falciparum infection [10] and C is the margin of sample error equivalent to 0.05. Thus, the minimum sample size required was approximately 351 with 10% attrition rate, giving a total of 386 samples.

2.5 Questionnaire design
Structured Questionnaire was administered to participants to obtain information on socio demographic characteristics and associated risk factors such as, use of anti-malaria treatments, insecticide treated nets (ITNs), as well as presence or absence of symptoms. 

2.6 Collection of Venous Blood Samples
Venous blood samples were obtained using the WHO guidelines [13]. The puncture site was disinfected with alcohol swab, after which a sterile syringe was used to draw 4ml of blood. The collected blood samples were transferred into sterile Ethylenediaminetetraacetic acid (EDTA) containers. Each sample was properly labelled with the patient’s data. 

2.7 Testing with Malaria Rapid Diagnostic Kit (AdvDxTM)
Using an inverted cup provided, approximately 5uL of blood was dispensed into the sample well, then 3 drops of the buffer solution were added in the buffer window and kept on a flat surface and allowed to migrate for 15 minutes. The test was then examined visually, and result was interpreted according to manufacturer’s instruction (Advy Chemical Pvt Ltd).

2.8 Preparation of Thick and Thin Smears (on the same slide)
For thick smear, 6 µL of blood was placed on a clean slide, the edge of another slide was used to spread the blood drop in a circular motion to about 1 cm in diameter. On the same slide, 2 µL of blood was placed about 1–2 cm apart for thin smear, a spreader held at 30–45° was used to spread the blood forward quickly and smoothly to form a feather-edged thin film. Both smears were placed horizontally and allowed to dry in air, protected from dust and direct sunlight [3].

2.9 Fixing and Staining of smears
The thin film portion was dipped in absolute methanol for 10 seconds and allowed to dry. The slides were then placed individually on a staining rack and covered with 3% Giemsa working solution for 1 hour, followed by gentle flooding with buffered water at a pH 7.2, then positioned vertically to dry in air [3].

2.10 Microscopic Examination of Blood Films
A drop of immersion oil was placed on the stained blood films and examined with the 100× oil immersion objective. A minimum of 100 fields was examined systematically before declaring a slide as ’no malaria parasite seen”. Slides were blindly read by two independent competent malaria microscopists. Parasite density was calculated as “number of malaria parasites counted divided by number of WBC counted (200) and multiplied by relative WBC count (8000)” on thick film. Thin smear was used to determine parasite species, morphology, and stages [3].

2.11 Dried Blood Spot (DBS) preparation
On DBS card, 20uL of venous blood each was spotted at three positions and left at room temperature on a drying rack for at least 4 hours. Each DBS card was packaged into a small size Ziploc bag, with 1 desiccant at the back of the spotted sample and seal closed, ensuring that no air is trapped [3].

2.12 Malaria Parasite DNA Extraction
Two pieces of 3mm disk from the dried blood spots were punched out using sterile hole-punch and placed into appropriately labelled 1.5 micro-centrifuge tube. The punch was cleaned and sterilized each time in sequence with 5% bleach followed by distilled water and then 70% ethanol. Animal tissue lysis buffer, 180μl, was added ensuring the filter paper pieces were soaked before incubation at 85oC for 10 minutes followed by addition of 20µl of proteinase K stock solution. The mixture was vortexed and incubated at 56oC for 1 hour after which buffer AL was added to the sample, thoroughly mixed by vortexing and incubated at 70oC for 10 minutes. Absolute methanol (200μl) was added and mixed thoroughly by vortexing. The mixture was then added to a QIAamp Mini kit spin column placed in a 2ml collection tube and centrifuged at 6000 x g (8000 rpm) for 1 minute. The spin column was removed and placed in a clean 2ml well labelled collection tube while the filtrate was discarded with the tube. Buffer AW1 (500 μL) was added and the mixture centrifuged at 6000 x g (8000 rpm) for 1 minute. The collection tube containing the filtrate was discarded. Buffer Aw2 (500 μl) was added to the spin column and then centrifuged at full speed (20,000 x g or 14,000 rpm) for 3 minutes. Again, the filtrate was discarded, and the spin column was placed in a 1.5 mL micro centrifuge tube. DNA was eluted with 150 μl elution buffer AE, incubated at room temperature for 1 minute and centrifuged at 6,000 x g (8000 rpm) for 1 minute. The extracted DNA was stored at -20oC until it was used for subsequent molecular studies [14].

2.13 Molecular Detection of Plasmodium Species Using Real Time PCR 
Plasmodium parasite species (Plasmodium falciparum) were confirmed in all the samples using the forward and reverse primers for parasite 18S ribosomal RNA (rRNA) gene. The Pf-18SrRNA gene was amplified using the cycling parameters as follows: 10 minutes initial denaturation at 94°C followed by 45 cycles of 1 minute denaturation at 94°C, 1 minute annealing at 55°C, 2-minute extension at 72°C and a 10-minute final extension at 72°C. All PCR reactions were carried out in a total volume of 25μl containing 0.2 mMdNTPs, 2 mM MgCl2, 1 μM of each primer, and 1 unit of AmpliTaq Polymerase (Perkin Elmer, England). 4μl of genomic DNA was added as a template. Positive and negative controls were included in each set of reactions.

2.14 Statistical Analysis
Participants were stratified into six age categories: 1–10 years, 11–20 years, 21-30 years, 31-40 years, 41- 50 years and 51- 60 years respectively. Data from the study were coded, entered and analyzed using Statistical Package and Service Solutions (IBM SPSS, Version 23). Results with p < 0.05 at 95% confidence interval were considered statistically significance. 


3. Results 

Table 1: Socio-demography 
	Variables
	Groups
	Frequency
	Percentage

	Gender
	Female
	201
	52.6

	
	Male
	181
	47.4

	
	
	
	

	Age group
	1--10
	68
	17.8

	    (years)
	11--20
	61
	16

	
	21-30
	68
	17.8

	
	31-40
	63
	16.5

	
	41-50
	50
	13.1

	
	>50
	72
	18.8

	 
	Total
	382
	100


            Source: Field data (2024)
Table 1 shows the age groups and gender distribution within the study population. Females consist of 201 (52.6%) of the study population. Gender distribution shows relatively uniform distribution, age group (51 above) has the higher representation being 71 (18.8%). 

Table 2: Malaria parasite test detection
	Variables
	Class
	Frequency
	Percentage

	mRDT
	Negative
	284
	74.3

	
	Positive
	98
	25.7

	
	Total
	382
	100

	
	
	
	

	Microscopy
	Negative
	268
	70.2

	
	Positive
	114
	29.8

	
	
	
	

	
	
	
	

	PCR
	Negative
	250
	65.4

	 
	Positive
	132
	34.6


mRDT = Malaria Rapid Diagnostic Test, PCR = Polymerase Chain Reaction

Table 2 shows the tests positivity of the 3 methods used. The malaria positivity across the 3 methods shows 25.7%, 29.6% and 34.6% for mRDT, microscopy and PCR methods respectively.




Table 3: Association between gender, age and submicroscopic status by PCR
	 
	 
	 
	PCR
	 
	 

	Variabes
	Groups
	Total
	Submicroscopy (%)
	mRDT/Micro (%)
	X2
	p-value

	Gender
	Female
	201
	15 (7.5)
	53 (26.4)
	0.16
	0.92

	
	Male
	181
	13 (7.2)
	51 (28.2)
	
	

	
	
	
	
	
	
	

	Age group
	1—10
	68
	4 (5.9)a
	22 (32.4)a
	19.09
	0.04

	(years)

	11--20
	61
	5 (8.2)a
	18 (29.5)a
	
	

	
	21-30
	68
	5 (7.4)a,b
	7 (10.3)b
	
	

	
	31-40
	63
	5 (7.9)a
	20 (31.7)a
	
	

	
	41-50
	50
	7 (14.0)a
	12 (24.0)a
	
	

	 
	>50
	72
	2 (2.8)b
	25 (34.7)a
	 
	 


   Value with the same superscript are not statistically significantly different (p>0.05), mRDT = Malaria Rapid Diagnostic Test, PCR = Polymerase Chain Reaction

Table 3 presents the association between gender, age groups, and PCR malaria positivity. The prevalence of malaria infection detected by PCR classified to be submicroscopic and mRDT/microscopy across gender shows (female=7.5%, male =7.2%) and (female (26.4%), (male=28.2%) respectively. The association between gender and PCR status did not show statistical significance (p > 0.05). The prevalence of malaria detected by PCR (Submicroscopy and mRDT/microscopy) varied significantly across age groups (p < 0.05). Individuals aged 21-30 years had statistically significantly lower malaria positivity compared to other age groups. Age group 51 years and above has lowest prevalence of submicroscopic malaria (2.8%) but not statistically significantly different from age group 21-30.

4. Discussion
The highest prevalence (14.0%) was seen within the age of 41-50 years, while the lowest prevalence (2.8%) was within the age of 51-60 years. This supports earlier research by Imwong et al. [5], which found that adult cases of submicroscopic malaria infections were more common than those in children in a cross-sectional study he did in a high-transmission area, using molecular tools. In a similar longitudinal study, Tadesse et al. [15], showed that in areas of low malaria transmission, older people were more susceptible to contracting submicroscopic malaria infections. Employing PCR-based detection techniques, Tadesse et al., [15] found a larger burden of submicroscopic infections in adults than in children. Their study noted a low prevalence of these infections among the elderly, which is consistent with the findings of this study, probably reflecting their immunity. According to the results of the PCR, the infection rate of Plasmodium falciparum was found to be 7.5% in both males and females. The study showed no relationship between gender and PCR status with statistical significance (p < 0.05). This finding contrasts with that of a research study conducted in Ethiopia by [15], which found that females were more susceptible to submicroscopic malaria infections than males. Moreover, a meta-analysis done by [6] in another context found that females had a higher prevalence of submicroscopic malaria infections than males in endemic regions. The authors of these latter studies attributed the differences to factors like exposure levels, socio-economic conditions, and lifestyle/occupational differences among males and females within their populations. Women may be at greater risk of being bitten because of the way they behave and the kinds of activities they do that are specific to their gender. In many cultures, women are the ones who perform outdoor tasks during the late afternoon and evening, which just happens to coincide with the peak hours of mosquito activity. What's more, it may be that cultural practices influence not only the outdoor work that women do but also the kinds of protective measures that they use (if they use any at all) that would help to keep them from being bitten by a malaria-carrying mosquito [16].



5. Conclusion
Without bias, submicroscopic Plasmodium falciparum infection was prevalent across all ages ranging from 1 year - 60 years, irrespective of gender, with both symptomatic and asymptomatic tendencies suggesting their potential roles in malaria transmission. These hidden infections are crucial to deal with if we want to achieve malaria elimination, because they act as reservoirs for the parasite [16]. 
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