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Abstract
Background: Malaria caused by Plasmodium falciparum remains a leading cause of morbidity in Rivers State, Nigeria. Accurate local data on malaria prevalence, species distribution, and parasite density patterns are essential for guiding targeted control measures.
Objective: To determine the overall prevalence of P. falciparum malaria, evaluate its distribution by gender and age group, characterize the Plasmodium species identified, and describe the distribution of parasite density categories among confirmed malaria-positive patients attending Lulu Briggs Health Centre, University of Port Harcourt.
Methods: A cross-sectional hospital-based study was conducted from May to August 2020. A total of 376 blood samples were examined using the CareStart Malaria HRP2 Rapid Diagnostic Test (RDT) and peripheral blood film microscopy with Giemsa staining. Parasite species were identified microscopically, and parasite density was calculated and categorized as Moderate (>1,000–<10,000 parasites/µL) or High (≥10,000 parasites/µL). Statistical analysis was performed using SPSS version 25.0.
Results: Of 376 samples examined, 20 (5.3%) were positive for malaria. Females had a higher prevalence (7.39%; 15/203) compared to males (2.91%; 5/172). The highest age-specific prevalence was recorded in the 0–14 years group (100%), followed by 15–29 years (5.94%), 30–44 years (5.22%), and 45–59 years (4.62%). No malaria was detected in the ≥60 age group. P. falciparum was the predominant species (90%), with P. malariae accounting for the remaining 10%. Among positive cases, 70% had high parasite density (≥10,000 parasites/µL) and 30% had moderate parasite density.
Conclusion: Malaria prevalence at Lulu Briggs Health Centre was relatively low (5.3%), possibly reflecting effective local vector control efforts. P. falciparum was the dominant species. Females and the 0–14 age group were disproportionately affected. The predominance of high parasite density cases underscores the importance of prompt diagnosis and treatment in this endemic population.
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Introduction
Malaria is an acute febrile illness caused by Plasmodium parasites transmitted to humans through the bites of infected female Anopheles mosquitoes. It remains a major global public health burden, with an estimated 219 million cases in 87 countries and approximately 435,000 deaths in 2017 [1]. Sub-Saharan Africa bears the most disproportionate burden, accounting for 92% of global malaria cases and 93% of all malaria-related deaths [1]. Nigeria contributes substantially to this burden as one of the most malaria-endemic countries in the African continent.
There are five known Plasmodium species that infect humans: P. falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi. Of these, P. falciparum is by far the most clinically dangerous, responsible for the majority of severe malaria and mortality worldwide, particularly in Africa [2]. P. falciparum multiplies rapidly within erythrocytes, and infected parasitized red blood cells possess adhesive features that lead to vascular occlusion in vital organs, potentially causing cerebral malaria, severe anaemia, respiratory distress, and multiorgan failure [3,4]. P. malariae, while less aggressive, can persist as chronic infection and has been associated with nephrotic syndrome in long-term carriers [5].
The clinical outcome of P. falciparum infection is strongly influenced by the degree of parasitaemia. Hyperparasitaemia, defined as more than 5% parasitized erythrocytes, is associated with an increased risk of death, anaemia, and treatment failure [6]. Patients with greater than 3% parasitaemia are at increased mortality risk, though semi-immune individuals in high-transmission areas may tolerate higher parasite loads with minimal symptoms [6]. This difference reveals the need for the characterizing parasite density distributions within local study populations.
Several demographic factors are known to modulate malaria susceptibility. Children under five years of age, who have yet to develop partial protective immunity, are at greatest risk of severe disease [7,8]. Pregnant women, particularly during their first and second pregnancies, are similarly vulnerable due to pregnancy-associated immune modulation and sequestration of infected erythrocytes in the placenta [9]. Non-immune travellers or migrants from low-transmission areas also face elevated risk [10,11]. Following repeated infection, adults in high-transmission areas progressively develops partial immunity, which consequently lowers the risk of clinical disease while allowing persistent low-level parasitaemia.
In Rivers State, Nigeria, a highly-prevalent setting for P. falciparum , the flat terrain intersected by rivers, creeks, and mangrove swamps provides ideal breeding conditions for Anopheles mosquitoes throughout the year [12]. Despite targeted control efforts including insecticide-treated bed nets and larval source management, malaria transmission remains intense in many communities [13]. Data on local malaria prevalence, species composition, and parasite density distribution are essential for monitoring the effectiveness of these interventions and for planning responsive clinical and public health strategies.
This study was therefore designed to determine the overall prevalence of malaria among patients presenting at Lulu Briggs Health Centre, University of Port Harcourt, and to describe the distribution of confirmed cases by gender, age group, Plasmodium species, and parasite density category. This information contributes to the growing evidence base needed to guide malaria control and clinical management in Rivers State.
Materials and Methods
Study Design and Setting
A cross-sectional, descriptive, hospital-based study technique was utilized in this research. Data collection spanned May to August 2020, a period coinciding with the peak malaria transmission season in Rivers State and with the COVID-19 pandemic, both of which may have influenced healthcare-seeking behaviours among the study population. The study was carried out at the University of Port Harcourt Primary Health Care Centre, Lulu Briggs Health Centre, an infrastructure that serves a multicultural population of students, academic and non-academic staff, and their dependants. The Centre is located in the Niger Delta region, a geographic area characterized by a flat, riverine topography that creates conducive environment for year-round Anopheles mosquito breeding and high-intensity malaria transmission.
Data Collection
As the study relied solely on blood samples submitted to the laboratory for routine malaria diagnosis, no direct patient contact was required. Patient demographic data including age, sex, and clinical request details were obtained from the laboratory request forms accompanying each blood sample. All data were handled with strict confidentiality.
Calculation of Sample Size
The minimum sample size was estimated using the Daniel (1999) formula for proportions:
N = Z²p(1−p) / d²
The minimum sample size was computed as 376, derived from a 95% confidence interval (Z = 1.96), a reference prevalence of 43% for the study area (P = 0.43; [14]), and an acceptable margin of error of 5% (d = 0.05). Participants were recruited consecutively through blood samples submitted to the laboratory over the study period (May–August 2020) until the required number was attained.
Malaria Diagnosis
All 376 blood samples were first screened using the CareStart Malaria Histidine-Rich Protein 2 (HRP2) Rapid Diagnostic Test kit (AccessBio, Inc., USA), carried out in strict accordance with the manufacturer's instructions. Samples testing positive by RDT were further subjected to peripheral blood film examination to confirm the diagnosis, identify the Plasmodium species, and quantify parasite density.
Thick and thin peripheral blood films were prepared according to the standard method described by Cheesbrough [15]. Films were air-dried, fixed with methanol, and stained with 3% Giemsa stain for 30 minutes following WHO [16] guidelines. Stained films were examined under oil immersion microscopy (×100 objective) by a trained medical laboratory scientist. A film was declared negative after examining at least 200 fields without detecting asexual malaria parasites.
Parasite Density Estimation
Parasite density (parasites per microlitre of blood) was calculated using the formula: Parasites/µL = Number of parasites × (8000 / Number of WBCs counted) [17]. Positive cases were grouped by parasite density as follows, based on the classification by WHO [18]: Low parasitaemia: <1,000 parasites/µL; Moderate parasitaemia: >1,000 to <10,000 parasites/µL; and High parasitaemia: ≥10,000 parasites/µL.
Statistical Analysis
Data were entered and analyzed using SPSS version 25.0. Prevalence was expressed as a percentage. Distribution of malaria positivity by sex, age group, Plasmodium species, and parasite density category was summarized using descriptive statistics. Differences in proportions between subgroups were noted descriptively. A p<0.05 was considered statistically significant where applicable.
Ethical Clearance
Ethical approval for the study was issued by the ethics committees of both the University of Port Harcourt and the University of Port Harcourt Teaching Hospital before data collection commenced.
Results
Overall Prevalence of Malaria
A total of 376 blood samples were examined for malaria parasites using RDT and peripheral blood film microscopy. Twenty samples (5.3%) were confirmed positive, while 356 (94.7%) were negative. The overall prevalence is presented in Table 1.

Table 1: Overall prevalence of malaria in the study area. Assessed using peripheral blood films.
	Blood film
	Frequency
	Percentage (%)

	Positive
	20
	5.3

	Negative
	356
	94.7

	Total
	376
	100.0



Prevalence by Gender and Age Group
Among the 172 male participants, 5 (2.91%) were positive for malaria, while 203 female participants, 15 (7.39%) tested positive. Females thus demonstrated a substantially higher prevalence compared to males. Across age groups, the 0–14 years group recorded the highest prevalence (2/2; 100%), though this represented only 2 individuals. Within the 15–29 years group, 6 of 101 (5.94%) were positive; in the 30–44 years group, 6 of 115 (5.22%) were positive; and in the 45–59 years group, 6 of 130 (4.62%) were positive. No malaria was detected in the ≥60 years group (0/28). The detailed distribution by gender and age group is presented in Table 2.

Table 2. Prevalence of Malaria According to Gender and Age
	Gender
	Number  examined
	Number of
Positive (%)

	Male
	172
	5 (2.9)

	Female
	203
	15 (7.39)

	Total
	376
	20 (5.3)

	Age 
	Number examined
	Number of
Positive (%)

	0-14
	002
	2(100%)

	15-29
	101
	6(5.94%)

	30-44
	115
	6(5.22%)

	45-59
	130
	6(4.62%)

	>60
	28
	-


Values in parentheses ()represent percentages.

Distribution of Plasmodium Species by Age and Gender
Microscopic identification of Plasmodium species among the 20 confirmed positive samples revealed that P. falciparum was the predominant species, accounting for 90% of all malaria cases. P. malariae accounted for the remaining 10%, while no P. vivax, P. ovale, or P. knowlesi was detected. All P. malariae cases were observed in females aged 30–59 years. Table 3 presents the distribution of Plasmodium species by gender and age group.

Table 3. Distribution of Malaria Species by Age and Gender
	Gender/Age parasite density(mp/ul) of blood
	Male
	Female

	
	P. falciprum 
	P. Malariae 
	P. falciprum 
	P. Malariae 

	0.14
	-
	-
	2
	-

	15-29
	2
	-
	4
	-

	30-44
	2
	-
	3
	1

	45-49
	1
	-
	4
	1

	Total 
	5
	-
	13
	2


– denotes no cases recorded in that category.

Parasite Density Distribution by Age and Gender
Among the 20 confirmed positive samples, all cases were classified as either Moderate (>1,000–<10,000 parasites/µL) or High (≥10,000 parasites/µL) parasitaemia; no Low parasitaemia cases (<1,000 parasites/µL) were recorded. Overall, 70% of positive cases (n = 14) had High parasite density, while 30% (n = 6) had Moderate parasite density. Among males, 1 case had Moderate and 4 had High parasite density. Among females, 5 cases had Moderate and 10 had High parasite density. The distribution of parasite density by age group and gender is presented in Table 4.

Table 4. Absolute Parasite Density by Age and Gender
Moderate (>1,000 <10,000 mp/µL of blood)
High (≥10,000 mp/µL of blood)
	Gender/Age
	Male
	Female

	Parasite density(mp/ul)
	moderate
	High
	Moderate
	High

	0-14
	-
	-
	-
	2

	15-29
	-
	2
	2
	2

	30-44
	1
	1
	2
	2

	45-49
	-
	1
	1
	4

	Total
	1
	4
	5
	10


– denotes no cases recorded in that category.

Discussion
This study determined the prevalence, gender and age distribution, species composition, and parasite density profile of Plasmodium falciparum malaria among patients presenting at Lulu Briggs Health Centre, University of Port Harcourt, Rivers State, during May to August 2020. The findings contribute to the body of locally generated epidemiological evidence needed to guide malaria control strategy in Rivers State.
The overall malaria prevalence of 5.3% observed in this study is notably lower than the 18.3% reported by Hwida et al. [19]. However, it is in close agreement with the 5% and 11% figures documented by El Mekki et al. [20] from camp settings in Khartoum State, Sudan, and with El Sayed et al. [21]. The relatively low prevalence in the present study may be attributed to the successful implementation of vector control measures by the Rivers State Ministry of Health, including the application of bio-larvicides targeting Anopheles mosquito larvae and the mass distribution of insecticide-treated bed nets [14]. Laboratory confirmation of cases prior to antimalarial treatment, as practiced at Lulu Briggs, also reduces the risk of treating non-malaria febrile illness, potentially improving diagnostic specificity. Additionally, it is noteworthy that data collection occurred during the COVID-19 pandemic, a period during which reduced hospital attendance, especially among children, may have contributed to a lower-than-expected positive yield.
Females recorded a significantly higher malaria prevalence (7.39%) compared to males (2.91%). This gender disparity is consistent with broader literature suggesting that women of reproductive age in endemic settings may experience heightened exposure due to domestic and peri-domestic activities that increase mosquito contact, particularly in the evenings and early morning hours. Pregnant women have additional vulnerability due to pregnancy-related immunosuppression and placental sequestration of infected erythrocytes [10]. While this study did not specifically analyze pregnancy status, the female predominance in positive cases, particularly among the 15–44 age bracket, is consistent with these known risk factors.
The highest age-specific prevalence was recorded in the 0–14 years group (100%), representing both individuals in that age bracket who were tested, suggesting full susceptibility in this age group consistent with the absence of acquired immunity in young children [22]. Prevalence declined progressively with increasing age from the 15–29 group (5.94%) through to the 45–59 group (4.62%), and was absent in the ≥60 group. This declining trend with age is characteristic of endemic settings and suggests the gradual acquisition of partial clinical immunity following repeated exposure to P. falciparum. As noted by Ademolue et al. [23], malaria transmission intensity is a strong predictor of immune tolerance, and in a highly endemic settings like Rivers State, adults develop immunity that suppresses clinical disease while permitting subclinical parasitaemia. The absence of malaria in the ≥60 group may further reflect both long-standing immunity and possibly reduced outdoor exposure in older individuals.
P. falciparum was the dominant species identified, accounting for 90% of positive cases. This is consistent with the known distribution of malaria species in Nigeria, where P. falciparum is causes majority of infections and virtually all severe malaria cases [2]. P. malariae comprised the remaining 10%, with all co-infections confined to females aged 30–59 years. The absence of P. vivax, P. ovale, and P. knowlesi is expected given their limited distribution in West Africa. These findings reinforce the need to focus diagnostic and therapeutic interventions on P. falciparum in this setting.
The parasite density analysis revealed that 70% of positive cases had high parasite density (≥10,000 parasites/µL), while 30% had moderate density. The complete absence of low parasitaemia cases is notable and may indicate that the threshold for health-seeking behaviour at Lulu Briggs skews toward more symptomatic or higher-burden individuals. The concentration of high parasite density cases among females (10 of 14 high-density cases) further underscores the vulnerability of this subgroup. High parasitaemia is associated with increased risk of severe complications including severe anaemia, cerebral malaria, and death, particularly in non-immune or partially immune individuals [6]. These findings highlight the importance of immediate confirmatory testing and prompt treatment initiation in all malaria-positive patients, especially those with high parasite burdens.
The predominance of high-density infections in this population also suggests that routine malaria screening rather than symptom-triggered testing may be warranted in this hyperendemic setting. As highlighted by Wogu and Onosakponome [24], misdiagnosis of malaria remains a concern in Rivers State, and the integration of RDT with confirmatory microscopy, as employed in this study, represents a best-practice approach to improving diagnostic accuracy and guiding appropriate clinical management.
Conclusion
This study recorded a malaria prevalence of 5.3% among patients attending Lulu Briggs Health Centre, University of Port Harcourt, during the period May to August 2020. P. falciparum was the dominant infective species (90%), with P. malariae accounting for the remaining cases. Females and the 0–14 years age group were disproportionately affected, consistent with established patterns of malaria vulnerability in endemic West African settings. The majority of confirmed cases presented with high parasite density, underscoring the severity of infection at the point of healthcare presentation.
The relatively low overall prevalence likely reflects the positive impact of ongoing vector control interventions in Rivers State, including bio-larviciding and insecticide-treated net distribution. Nevertheless, the continued burden of high-density P. falciparum infection, particularly among females and younger age groups, underscores the importance of sustained surveillance and targeted prevention efforts. Routine parasitological diagnosis using RDT and confirmatory microscopy is recommended for all patients presenting with febrile illness in this hyperendemic area. Early and accurate diagnosis, followed by prompt species-appropriate treatment, remains the cornerstone of reducing malaria-related morbidity and mortality in this population.
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