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Prevalence of Plasmodium falciparum Infection among Symptomatic Attendees of Selected Public Health Care Facilities in Port Harcourt Metropolis, Nigeria 
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ABSTRACT 

	Background: Plasmodium falciparum remains the predominant cause of malaria morbidity and mortality in sub-Saharan Africa. Despite control interventions, malaria burdens in urban centres such as Port Harcourt persist, driven by ecological, socio-economic, and healthcare access factors.
Objective: To determine the prevalence of P. falciparum infection among symptomatic individuals attending selected public health care facilities in Port Harcourt metropolis, Nigeria.
Methods: A cross-sectional study was conducted between August 2024 and September 2025 across seven public health care facilities in Port Harcourt metropolis. Symptomatic individuals aged ≥1 year presenting with fever or malaria-like symptoms were recruited consecutively. Venous blood samples were screened for malaria parasites using Giemsa-stained thick and thin blood films, with P. falciparum species confirmed microscopically. Data was analysed using descriptive and inferential statistics at a significance level of P<.05.
Results: Of 829 participants screened (mean age: 27.4± 18.8 years; 59.8% female, 40.2% male), 276 tested positive for malaria parasites, yielding an overall prevalence of 33.3% P. falciparum infection. There were differences in prevalence rates across various study locations (χ²=8.20, P=.314). The highest prevalence was observed among participants aged 11-20 years (50.5%), while the lowest prevalence was found in those aged ≥ 61 years (12.5%) (χ²=31.54, P<0.0001). Sex-based prevalence showed that males had 32.1% while the females had 34.1% (χ²=0.3378, P=.561).
Conclusion: The high prevalence of P. falciparum infection among symptomatic individuals in Port Harcourt underscores the need to strengthen malaria control strategies, enhance vector management, and improve public awareness, particularly targeting children who are less than 10 years.
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1. INTRODUCTION 
Malaria remains a major public health concern in Nigeria, and other 10 high burden to high impact (HBHI) African countries, contributing to substantial morbidity, mortality, and economic loss (World Health Organization [WHO], 2025). According to the World Health Organization, Nigeria accounts for approximately 27% of global malaria cases and 31% of malaria deaths, with Plasmodium falciparum responsible for the majority of infections (WHO, 2023). Of the current six human malaria parasites, Plasmodium falciparum, P. vivax, P. malariae, P. ovale curtisi, and P. ovale wallikeri, P. falciparum remains the most virulent and predominant species, accounting for 99.7% of malaria cases in sub-Saharan Africa (Ngotho et al., 2019; WHO, 2020). Nigeria has the highest burden of malaria globally (Wokem et al., 2021; Dimkpa et al., 2023; WHO, 2023; 2024). In 2021, an estimated 68 million cases and 194000 malaria-associated deaths which affected over 80% of children under the age of 5 years were documented in Nigeria (WHO, 2023). Also, available malaria data on previous household surveys in Nigeria show a decline in prevalence, 27% to 45% in 2015, and 22% to 40% in 2021, using rapid diagnostic tests (RDTs) and microscopy, respectively (WHO, 2023). 
Port Harcourt Metropolis, located in Rivers State, lies within the Niger Delta region of Nigeria, characterized by perennial malaria transmission, high humidity, abundant breeding sites for Anopheles mosquitoes (Wokem et al., 2018), and dense urban populations. Although vector control interventions, such as long-lasting insecticide-treated nets (LLINs) and indoor residual spraying (IRS), are promoted, urban malaria transmission persists due to environmental challenges, inadequate drainage, and human behavioural factors (Ngotho et al., 2019; Oguonu et al., 2020; Isiko et al., 2024). 
Rivers State had an estimated malaria prevalence of 8.6% and 33.8% by microscopy and mRDT, respectively, with estimated malaria cases of 1954000, about 12.87% of the entire country’s cases as reported in 2021 (WHO, 2023). From 2018 to 2021, estimated malaria cases in Rivers State increased from 1.5 million to 2.0 million, the estimated incidence increased from 196.0 to 227.7 per 1000 population (WHO, 2023). Although the precise data on malaria-induced morbidity and mortality in the State are unknown and difficult to ascertain because many cases occur in remote rural settings where people do not have access to healthcare facilities or the requisite resources to afford basic medical care. Consequently, the majorities of such malaria cases are not reported and remained undocumented. Previous studies in Rivers State have reported variable malaria prevalence ranging from 20% to 70% among symptomatic patients (Jemimah et al., 2019; Wokem et al., 2021; Nwibani et al., 2023; Osuosa et al., 2023). However, there is limited recent data on P. falciparum prevalence in Port Harcourt’s primary healthcare settings, which serve as the first point of contact for febrile illness management. Understanding current prevalence trends is critical for policy planning and effective malaria control interventions. This study determined the prevalence and age/sex distribution of P. falciparum infection among symptomatic attendees of selected public health care facilities in Port Harcourt metropolis.

2. methods

2.1 Study Area
The study was conducted in Port Harcourt Metropolis, Rivers State, Nigeria, between August 2024 and September 2025. Seven (7) health facilities in Port Harcourt metropolis, Model Primary Health Centre (MPHC), Churchill, MPHC Mgbundukwu, MPHC Ozuoba, MPHC Rumueme, MPHC Rumuigbo, MPHC, Rumuodomay, and Professor Kelsey Harrison Hospital (KHH), were purposively selected based on patient load and accessibility. These health facilities cover the study catchment areas. Port Harcourt metropolis is a major city, the capital of Rivers State. Rivers State is located at 40 45 IN 60 50 IE / 4.750 0N in South-South geopolitical zone of Nigeria (Figure 1). The State is bordered by Imo, Abia, and Anambra States to the north, Akwa Ibom State to the east, Bayelsa and Delta States to the west, and the Atlantic Ocean to the south. Rivers State is rich in crude oil and natural gas, making it a hub of oil and gas industry in Nigeria. The State has a dense population majorly of indigenous ethnic groups such as the Ikwerre, Ogoni, Kalabari, Okrika, Ibani, Andoni, Etche, and Opobo people. Anopheles gambiae complex is the main malaria vector in Port Harcourt, Rivers State, Nigeria (Wokem et al., 2018). Port Harcourt is an area of stable malaria transmission.
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Figure 1: Map of Rivers State Showing Various Sampling Stations/Locations
Sample locations: Model Primary Health Centre (MPHC), Churchill, MPHC Mgbundukwu, Professor Kelsey Harrison Hospital, MPHC Rumueme, MPHC Rumuigbo, MPHC Rumuodomaya, and MPHC Ozuoba 


2.2 Study Design 

A multi-facility descriptive cross-sectional study design was employed across the seven health care facilities. These health facilities were purposively selected as guided by preliminary data on the mean weekly number of malaria suspected cases recorded. 

2.3 Study Population 
Inclusion criteria were symptomatic individuals aged ≥1 year presenting with fever (axillary temperature ≥37.6°C) or malaria-like symptoms (headache, chills, malaise) who had not taken antimalarial drugs in the preceding two weeks. Severely ill attendees requiring referral were excluded. The study primarily focused on high-risk groups for malaria; children and pregnant women, who are mostly disproportionately affected by malaria-related complications.
2.4 Sample Size Determination 
The sample size was determined using the formula by Naing et al. (2006).  N = Z2 x P (1-P)/e2, Where N= Sample size, P =27%: Prevalence malaria parasite infection in Rivers State by microscopy (Wokem et al., 2020).  Z=Statistic (z): 1.96 at 95% confidence level, e= 5%: Margin of error desired, N= (1.96)2 (0.27) (1-0.27)/0.052.  N=302.87. The minimum sample size was 303; 829 eligible participants were recruited to account for attrition.
2.5 Sampling Technique
Consecutive sampling was employed until the desired sample size was achieved. A random sampling strategy was utilized to recruit participants with microscopically confirmed P. falciparum infections only. Mixed infection cases were excluded. Eligible participants were those who either were self-presented with febrile illness or were clinically suspected of having malaria at the point of care. Only those from the catchment areas seeking treatment at the selected public health facilities and willing to participate in the research were enrolled for sample collection.
2.6 Data Collection
Demographic data and clinical history were obtained using structured interviewer-administered questionnaires. Axillary temperature of participant was measured using electronic thermometer, and fever was defined as ≥ 35.6˚C according to Sumbele et al. (2016).
2.7 Sample Collection, Processing and Laboratory Diagnosis
Five milliliters (5mL) of venous blood sample were collected from each participant following the protocol described by Lewis et al. (2010). Standard thick and thin blood films for malaria parasites were prepared as described by Cheesbrough (2006). The blood film slides were allowed to dry level and were stained using 3% Giemsa solution as described by World Health Organization (2010) and examined under light microscopy by two independent expert microscopists. Discrepant results were resolved by a third reviewer, the most experienced microscopist. The stages of P. falciparum parasites in Giemsa-stained blood films were identified according to the guidelines described by World Health Organization (2010). A blood smear was declared negative when no parasites were observed after examining 100 oil immersion fields under x100 oil immersion objective lens. Absolute P. falciparum parasite density of all infected participants was estimated as described by Agomo et al. (2009).
2.8 Data Analysis
Data generated were entered into Microsoft excel and analyzed using GraphPad prism software version 8.02 (San Diego, CA). Descriptive statistics were used to summarize demographic data. Pearson Chi-squared of independence was used to test associations between P. falciparum infection prevalence and variables (age and sex). Data was double-checked to detect errors. P value of less than .05 at 95% confidence interval was the threshold for statistical significance

3. results
3.1 Demographic Characteristics
A total of 829 participants were enrolled (Table 1). The mean age was 27.4 ± 18.8 years; 59.8% were females while 40.2% were males. The highest proportion of febrile subjects falls within the 1-10 years age group (26.5%), suggesting that children were mostly affected. The ≥ 61 year’s group had the lowest percentage (5.8%), indicating that older participants were less frequently recruited. 
Table 1: Demographic characteristics of participants
	Variable
	Frequency (n)
	Percentage (%)

	Age group 1-10 years
	220
	26.5

	Age group 11-20 years
	93
	11.2

	Age group 21-30 years
	153
	18.5

	Age group 31-40 years
	162
	19.5

	Age group 41-50 years
	88
	10.6

	Age group 51-60 years
	65
	7.8

	Age group ≥ 61
	48
	5.8

	Female
	496
	59.8

	Male
	333
	40.2




3.2 Prevalence of P.falciparum Infection by Age and Sex in MPHC Churchill Study   Location
This (Table 2) shows that the overall prevalence of P. falciparum in MPHC Churchill study location was 24.1% (28/116). The highest prevalence (31.8%) was observed in the 11-20 years age group, while individuals aged ≥51years had no recorded infections. This pattern may indicate the development of age-acquired immunity and reduced exposure to mosquito bites among older individuals. The 1-10 years age group showed a notable infection rate (14.7%).
The 21-30 years age group had a prevalence of 27.8%, with a higher infection rate among females (29.0%) than males (20.0%). The observed difference in prevalence rates was not statistically significant (χ²=0.1751, P=.676). The 31-40 and 41-50 age groups have similar prevalence rates (28.6%). Sex-based comparison showed an overall prevalence of 21.9% (7/32) among males, while among females, the prevalence was slightly higher at 25.0% (21/84).  Although, the observed difference between them was not statistically significant (χ²=0.1236, P=.725). Notably in the 11-20 years age group, females had a substantially higher prevalence than males (25.0%). 

Table 2: Prevalence of P. falciparum infection by age and sex in MPHC Churchill
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	34
	5(14.7)
	-
	18
	3(16.7)
	16
	2(12.5)
	0.7320(0.1172)

	11-20
	22
	7(31.8)
	
	8
	2(25.0)
	14
	5(35.7)
	0.6037(0.2694)

	21-30
	36
	10(27.8)
	
	5
	1(20.0)
	31
	9(29.0)
	0.6756(0.1751)

	31-40
	14
	4(28.6)
	
	1
	1(100.0)
	13
	3(23.1)
	0.1008(2.692)

	41-50
	7
	2(286)
	
	0
	0(0.0)
	7
	2(28.6)
	-

	51-60
	2
	0(0.0)
	
	0
	0(0.0)
	2
	0(0.0)
	-

	≥ 61
	1
	0(0.0)
	
	0
	0(0.0)
	1
	0(0.0)
	-

	Total
	116
	28(24.1)
	
	32
	7(21.9)
	84
	21(25.0)
	0.7252(0.1236)


Legend: NE: Number Examined, NI: Number, Infected TE: Total Examined, TI: Total Infected

3.3 Prevalence of P.falciparum Infection by Age and Sex in MPHC Mgbundukwu Study Location
The overall prevalence of P. falciparum infection recorded in MPHC Mgbundukwu study location was 35.6% (42/118) (Table 3), which was higher than 24.1% prevalence observed in MPHC Churchill study location (Table 2). This suggests that malaria transmission in Mgbundukwu catchment areas may be relatively higher, potentially due to environmental, socio-economic, or vector control differences. Also a distinct age-related pattern was observed among both males and females in the 11-20 years age group with the highest prevalence (60.0%). The 1-10 years age group also had a high prevalence (45.9%), indicating a significant burden of infection in younger populations. However, the observed difference between infected males and females was not statistically significant (χ²=0.8097, P=.368). There was a gradual decline in infection rates from 31 years and above, suggesting age-acquired immunity or reduced exposure among older individuals. Gender-related prevalence showed that among males, the overall infection prevalence was 34.5% (19/55), while among females; the prevalence was slightly higher at 36.5% (23/63). The sex-related difference was small and was not statistically significant (χ²=0.0493, P=.824), implying that both males and females were equally at risk in this population. However, among 1-10 years age group, females (52.4%) had a higher prevalence than males (37.5%). Among 41-50-year-olds, males (40.0%) had a significantly higher prevalence than females (0.0%), which could be due to behavioural differences, occupation-related exposure, or small sample size effect (χ²=2.727, P=.190). In older age groups (≥51 years), infections were rare.












Table 3: Prevalence of P. falciparum infection by age and sex in MPHC Mgbundukwu
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	37
	17(45.9)
	0.0681(3.27)
	16
	6(37.5)
	21
	11(52.4)
	0.3682(0.8097)

	11-20
	15
	9(60.0)
	
	5
	3(60.0)
	10
	6(60.0)
	>0.9999(0.000)

	21-30
	8
	4(50.0)
	
	4
	2(50.0)
	4
	2(50.0)
	>0.9999(0.000)

	31-40
	25
	5(20.0)
	
	10
	2(20.0)
	15
	3(20.0)
	>0.9999(0.000)

	41-50
	15
	4(26.7)
	
	10
	4(40.0)
	5
	0(0.0)
	0.0986(2.727)

	51-60
	12
	2(16.7)
	
	7
	2(28.6)
	5
	0(0.0)
	0.1904(1.714)

	≥ 61
	6
	1(16.7)
	
	3
	0(0.0)
	3
	1(33.3)
	0.2733(1.200)

	Total
	118
	42(35.6)
	
	55
	19(34.5)
	63
	23(36.5)
	0.8242(0.0493)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected

3.4 Prevalence of P.falciparum Infection by Age and Sex in MPHC Ozuoba Study Location
The overall prevalence of P. falciparum infection in MPHC Ozuoba study location was 34.4% (43/125) (Table 4). This was comparable to the 35.6% prevalence recorded in MPHC Mgbundukwu study location (Table 3) but higher than the 24.1% observed in MPHC Churchill study location (Table 2). Age-related observations indicated that individuals in the 11-20 years had the highest prevalence (60.0%), with females (71.4%) showing a much higher rate than males (33.3%). However, this observed difference was not statistically significant (χ²=1.270, P=.259). The 21-30- and 31-40-years groups had high prevalence rates (41.7% and 44.4%, respectively), suggesting continued susceptibility into early adulthood. The 41-50 years group also had a relatively high prevalence (42.9%), suggesting that infection risk did not decrease as rapidly with age in Ozuoba compared to other study locations. The lowest prevalence (16.7%) is in the ≥61 year’s group. Sex-based comparison showed that among males, the overall prevalence was 41.9% (18/51), which was higher than in females (33.8%, 25/74). However, the difference was not statistically significant (χ²=0.0305, P=.861). 

Table 4: Prevalence of P. falciparum infection by age and sex in MPHC Ozuoba 
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	68
	19(27.9)
	0.0694(3.298)
	33
	11(33.3)
	35
	8(22.9)
	0.3359(0.9259)

	11-20
	10
	6(60.0)
	
	3
	1(33.3)
	7
	5(71.4)
	0.2598(1.270)

	21-30
	12
	5(41.7)
	
	7
	3(42.9)
	5
	2(40.0)
	0.9212(0.0098)

	31-40
	9
	4(44.4)
	
	4
	1(25.0)
	5
	3(60.0)
	0.1573(2.000)

	41-50
	14
	6(42.9)
	
	4
	2(50.0)
	10
	4(40.0)
	0.7327(0.1167)

	51-60
	6
	2(33.3)
	
	0
	0(0.0)
	6
	2(33.3)
	-

	≥ 61
	6
	1(16.7)
	
	0
	0(0.0)
	6
	1(16.7)
	-

	Total
	125
	43(34.4)
	
	51
	18(41.9)
	74
	25(33.8)
	0.8613(0.0305)


Legend: NE: Number Examined, NI: Number Infected,TE: Total Examined, TI: Total infected

3.5 Prevalence of P.falciparum Infection by Age and Sex in MPHC Rumueme Study Location
The overall prevalence of P.falciparum infection in MPHC Rumueme was 36.0% (41/114) (Table 5), making it the second-highest among the study locations analyzed so far. This was higher than MPHC Churchill (24.1%), slightly higher than MPHC Ozuoba (34.4%), comparable to MPHC Mgbundukwu (35.6%). Age-related trends revealed a sharp peak in infection rates among young adults (11-30 years). Those in the 11-20 years age group (88.9% prevalence), had the highest infection rates of any age group in all study locations analyzed so far. Those in 21-30 years age group also had a significantly high prevalence (65.0%). However, lower prevalence (26.7%-27.8%), was recorded among individuals in the 31-50 years, suggesting declining susceptibility or reduced exposure in middle-aged individuals. Individuals in the ≥51 years had very low prevalence (5.9%), supporting the age-acquired immunity hypothesis, where repeated exposure over time builds immune resistance to malaria infection. Sex-based comparisons showed that among males, the overall prevalence was 32.5% (14/43), and among females, the prevalence was higher at 38.0% (27/71). In the 1-10 years age group, females (71.4%) had a much higher infection rate than males (0.0%), suggesting potential sex-related differences in exposure, immunity, or healthcare-seeking behaviour. The observed differences was statistically significant (χ²=5.238, P=.022). In the 11-20 years group, all females tested were infected (100% prevalence), compared to 75.0% of males.

Table 5: Prevalence of P. falciparum infection by age and sex in MPHC Rumueme
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	11
	5(45.5)
	-
	4
	0(0.0)
	7
	5(71.4)
	0.0221(5.238)

	11-20
	9
	8(88.9)
	
	4
	3(75.0)
	5
	5(100.0)
	0.2357(1.406)

	21-30
	20
	13(65.0)
	
	4
	4(100.0)
	16
	9(56.3)
	0.1008(2.692)

	31-40
	36
	10(27.8)
	
	14
	3(21.4)
	22
	7(31.8)
	0.4975(0.4603)

	41-50
	15
	4(26.7)
	
	9
	3(33.3)
	6
	1(16.7)
	0.4745(0.5114)

	51-60
	6
	0(0.0)
	
	0
	0(0.0)
	6
	0(0.0)
	-

	≥ 61
	17
	1(5.9)
	
	8
	1(12.5)
	9
	0(0.0)
	0.2743(1.195)

	Total
	114
	41(36.0)
	
	43
	14(32.5)
	71
	27(38.0
	0.5553(0.3479)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected

3.6 Prevalence of P. falciparum Infection by Age and Sex in MPHC Rumuigbo Study Location
The overall prevalence of P.falciparum infection in MPHC Rumuigbo study location as presented (Table 6) was 39.5% (47/119), making it the highest prevalence among all locations analyzed so far. This was higher than the overall prevalence in MPHC Churchill (24.1%), MPHC Ozuoba (34.4%), MPHC Mgbundukwu (35.6%), and MPHC Rumueme (36.0%). This suggests a high level of malaria transmission in Rumuigbo, potentially due to environmental conditions, vector density, or differences in malaria control measures. Age-related trends showed the highest infection prevalence in the 1-10 years (60.0%) and 11-20 years (57.1%) age groups, confirming that children and adolescents bear the highest burden of malaria. Those in the 21-30 years group had a prevalence of 30.6%, suggesting a decline in susceptibility, possibly due to developing immunity. Individuals in the 31-40 years group had a prevalence of 36.8%, with a notable gender disparity, males (75.0%), and females (9.1%), which was statistically significant (χ²=8.941, P=.003). Notably, individuals in the ≥ 61 years had a prevalence of 50.0% but based on a very small sample (2 individuals), making it difficult to draw strong conclusions. Sex-based comparisons showed that among males, the overall prevalence was 41.9% (18/43), while among females; the prevalence was lower at 38.2% (29/76). Though this sex-related disparity was not statistically significant (χ²=1.387, P=.239). This was a reversal of trends observed in other locations, where females typically had a higher or similar prevalence compared to males. In the 21-30 years group, males (33.3%) and females (30.0%) showed similar infection rates, suggesting equal exposure.

Table 6: Prevalence of P. falciparum infection by age and sex in MPHC Rumuigbo
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	20
	12(60.0)
	0.8534(0.034)
	9
	4(44.4)
	11
	8(72.7)
	0.1990(1.650)

	11-20
	21
	12(57.1)
	
	11
	5(45.5)
	10
	7(70.0)
	0.5283(0.3977)

	21-30
	36
	11(30.6)
	
	6
	2(33.3)
	30
	9(30.0)
	0.8715(0.0262)

	31-40
	19
	7(36.8)
	
	8
	6(75.0)
	11
	1(9.1)
	0.0033(8.941)

	41-50
	8
	1(12.5)
	
	4
	0(0.0)
	4
	1(25.0)
	0.2850(1.143)

	51-60
	13
	3(23.1)
	
	4
	0(0.0)
	9
	3(33.3)
	0.1880(1.733)

	≥ 61
	2
	1(50.0)
	
	1
	1(100.0)
	1
	0(0.0)
	0.1573(2.000)

	Total
	119
	47(39.5)
	
	43
	18(41.9)
	76
	29(38.2)
	0.2389(1.387)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected

3.7 Prevalence of P. falciparum Infection by Age and Sex in MPHC Rumuodomaya Study Location
The overall prevalence of P.falciparum infection in MPHC Rumuodomaya study location as presented (Table 7) was 28.7% (31/108), which was lower than in MPHC Rumuigbo (39.5%), MPHC Rumueme (36.0%), MPHC Mgbundukwu (35.6%), and MPHC Ozuoba (34.4%). Age-related trends showed that unlike other locations where children (1-10 years) had the highest prevalence, Rumuodomaya showed higher infection rates in young adults (21-30 years, 52.4%) and adolescents (11-20 years, 33.3%). Those in the 11-20 years group had a higher prevalence (33.3%) than in children. Among those in the 31-40 years group, a prevalence of 31.6% was recorded, indicating a decline in infection rates compared to the younger age groups. The 41-50 years group showed 0.0% prevalence, which is unusual compared to other locations where individuals still had some level of infection. The observed trends of parasitaemia in relation to age were statistically significant (χ²=13.72, P=.033).
Sex-based comparisons showed that among males, the overall prevalence was 21.9% (9/41), among females, the overall prevalence was higher at 32.8% (22/67), though this sex-related prevalence difference was not statistically significant (χ²=1.472, P=.225). Notably, in the 1-10 years group, males (33.3%) had a higher prevalence than females (20.0%), contrasting with some other locations where female children were more affected. In the 11-20 years group, females (57.1%) had significantly higher infection rates than males (0.0%). In the 31-40 years group, males (33.3%) and females (31.3%) had similar infection rates, indicating equal exposure. In older age groups (41+ years), prevalence was generally low, consistent with immunity trends.

Table 7: Prevalence of P. falciparum infection by age and sex in MPHC Rumuodomaya
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	26
	8(30.8)
	0.0330(13.72)
	21
	7(33.3)
	5
	1(20.0)
	0.5615(0.3370)

	11-20
	12
	4(33.3)
	
	5
	0(0.0)
	7
	4(57.1)
	0.0384(4.286)

	21-30
	21
	11(52.4)
	
	2
	0(0.0)
	19
	11(57.9)
	0.1189(2.432)

	31-40
	19
	6(31.6)
	
	3
	1(33.3)
	16
	5(31.3)
	0.9432(0.0051)

	41-50
	11
	0(0.0)
	
	6
	0(0.0)
	5
	0(0.0)
	-

	51-60
	9
	1(11.1)
	
	1
	1(100.0)
	8
	0(0.0)
	-

	≥ 61
	10
	1(10.0)
	
	3
	0(0.0)
	7
	1(14.3)
	0.4902(0.4762)

	Total
	108
	31(28.7)
	
	41
	9(21.9)
	67
	22(32.8)
	0.2250(1.472)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected

3.8 Analysis of P.falciparum Infection by Age and Sex in Kelsy Harrison Hospital, Diobu Study Location
The overall prevalence of P.falciparum infection at Kelsy Harrison Hospital Diobu study location was 34.1% (44/129) (Table 8), which was comparable to MPHC Ozuoba study location (34.4%) but lower than MPHC Rumuigbo (39.5%) and MPHC Rumueme (36.0%). The age-group analysis revealed a unique infection pattern compared to other locations. Children (1-10 years) had the highest prevalence (50.0%), consistent with the trend in other locations where younger children were more vulnerable. The 41-50 years group had the second-highest prevalence (44.4%), which was unusual, as older individuals usually show lower prevalence due to acquired immunity. The 11-20 years group had a relatively low prevalence (25.0%), indicating a significant drop from childhood levels. Young adults (21-30 years) showed a further decline (20.0%), in contrast to MPHC Rumuodomaya, where this age group had the highest prevalence. The 51-60 years (23.5%) and ≥61 years (16.7%) groups showed a typical decline, reflecting age-acquired immunity. However, the observed patterns of parasitaemia in relation to age were not statistically significant (χ²=7.144, P=.307).
Sex-based comparisons showed that among males, the overall prevalence was 32.8% (22/67), while among females, the prevalence was slightly higher at 35.5% (22/62). This was consistent with trends in other locations, where females had slightly higher infection rates than males. In children (1-10 years), males (53.3%) had a higher prevalence than females (44.4%), aligning with trends in some locations. In the 41-50 years group, females (80.0%) had a much higher prevalence than males (30.8%), which was highly unusual (χ²=3.545, P=.059). The findings from Kelsy Harrison Hospital, Diobu, revealed moderate malaria prevalence (34.1%), with the highest burden in children (1-10 years, 50.0%).

Table 8: Prevalence of P. falciparum Infection by age and sex in Kelsy Harrison Hospital Diobu
	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	24
	12(50.0)
	0.3077(7.144)
	15
	8(53.3)
	9
	4(44.4)
	0.2289(1.448)

	11-20
	4
	1(25.0)
	
	1
	0(0.0)
	3
	1(33.3)
	0.5050(0.444)

	21-30
	20
	4(20.0)
	
	6
	1(16.7)
	14
	3(21.4)
	0.8073(0.0595)

	31-40
	40
	14(35.0)
	
	18
	5(27.8)
	22
	9(40.9)
	0.9253(0.0087)

	41-50
	18
	8(44.4)
	
	13
	4(30.8)
	5
	4(80.0)
	0.0597(3.545)

	51-60
	17
	4(23.5)
	
	11
	3(27.3)
	6
	1(16.7)
	0.3997(0.7091)

	≥ 61
	6
	1(16.7)
	
	4
	1(25.0)
	2
	0(0.0)
	0.4386(0.6000)

	Total
	129
	44(34.1)
	
	67
	22(32.8)
	62
	22(35.5)
	0.7513(0.1005)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected

3.9 Overall prevalence of P. falciparum infection across different study locations
The overall prevalence of P. falciparum infection among subjects examined across different geographical locations in the seven healthcare facilities is as shown (Table 9). The highest prevalence of malaria parasite infection was observed at MPHC Rumuigbo, with 39.5% (47/119), while MPHC Churchill recorded the lowest prevalence of 24.1% (28/116).  Other study locations/facilities showed infection rates ranging from 28.7% (MPHC Rumuodomaya) to 36.0% (MPHC Rumueme). Although the differences in prevalence across the study locations was not statistically significant (χ²=8.20, P=.314).

Table 9: Overall prevalence of P. falciparum infection according to study locations/facilities
	Health Facility
	Number Examined
	Uninfected (%)
	Infected (%)
	P-value (χ²)

	MPHC Churchill                        
	116
	88(75.9)
	28(24.1)
	0.3137(8.2)

	MPHC Mgbundukwu
	118
	76(64.4)
	42(35.6)
	

	MPHC Ozuoba
	125
	82(65.6)
	43(34.4)
	

	MPHC Rumueme
	114
	73(64.0)
	41(36.0)
	

	MPHC Rumuigbo
	119
	72(60.5)
	47(39.5)
	

	MPHC Rumuodomaya
	108
	77(71.3)
	31(28.7)
	

	KHH Diobu
	129
	85(65.9)
	44(34.1)
	

	Total
	829
	553(66.7)
	276(33.3)
	


Legend: MPHC: Model Primary Health Centre, KHH: Kelsy Harrison Hospital


3.10 Overall Prevalence of P.falciparum Infection by Age and Sex across all study locations
The overall prevalence of P. falciparum infection across all age groups and sex was 33.3% (276/829) (Table 10). The highest prevalence was observed among individuals aged 11-20 years (50.5%), while the lowest prevalence was found in those aged ≥60 years (12.5%).  A declining trend in infection prevalence was evident with increasing age. The infection rate was highest among younger individuals (1-30 years) and decreases progressively among older age groups. This observed pattern may indicate increased immunity with age due to repeated exposure or behavioural differences. The statistical difference in the observed age group patterns was statistically significant (χ²=31.54, P<0.0001). Sex-based comparison showed that among males, the overall infection prevalence was 32.1% (107/333). Among females, the prevalence was slightly higher at 34.1% (169/496). While females showed a marginally higher overall infection rate, the difference was not substantial; suggesting that sex alone may not be a strong determinant of infection risk. However, within the 11-20 years age group, females had a significantly higher prevalence (58.9%) compared to males (37.8%). The observed difference was statistically significant (χ²=3.965, P=.047). 

Table 10: Overall prevalence of P. falciparum infection by age and sex

	Age Group (years)
	TE
	TI (%)
	P-value (χ²)
	Male
	Female
	P-value (χ²)

	
	
	
	
	NE
	NI(%)
	NE
	NI(%)
	

	1-10
	220
	78(35.5)
	<0.0001(31.54)
	116
	39(33.6)
	104
	39(37.5)
	0.5482(0.3606)

	11-20
	93
	47 (50.5)
	
	37
	14(37.8)
	56
	33(58.9)
	0.0465(3.965)

	21-30
	153
	58(37.9)
	
	34
	13(38.2)
	119
	45(37.8)
	0.9645(0.0020)

	31-40
	162
	50(30.9)
	
	58
	19(32.8)
	104
	31(29.8)
	0.6967(0.1520)

	41-50
	88
	25(28.4)
	
	46
	13(28.2)
	42
	12(28.6)
	0.9743(0.0010)

	51-60
	65
	12(18.5)
	
	23
	6(26.1)
	42
	6(14.3)
	0.1528(2.044)

	≥ 61
	48
	6(12.5)
	
	19
	3(16.8)
	29
	3(10.3)
	0.5770(0.3111)

	Total
	829
	276(33.3)
	
	333
	107(32.1)
	496
	169(34.1)
	0.5611(0.3378)


Legend: NE: Number Examined, NI: Number Infected, TE: Total Examined, TI: Total Infected
4. discussion
This study revealed a malaria prevalence of 33.3% among febrile attendees of selected public healthcare facilities in Port Harcourt metropolis, demonstrating that Plasmodium falciparum remains a formidable public health burden in urban Rivers State. The prevalence is consistent with earlier reports from endemic regions of Nigeria (Wokem & Amala, 2017), although higher rates have been documented in some studies within the same metropolis (61.2%, Akwuebu et al., 2021) and across the primary healthcare centres in the State (56.3%, Egbom et al.,2022) and markedly lower rates in southwestern Nigeria (18.6%, Oyibo et al., 2023). Such discrepancies highlight the complex, heterogeneous nature of malaria transmission across different ecological and socio-economic contexts. The findings reinforce the persistent challenge malaria poses in sub-Saharan Africa’s urban centres and emphasize the importance of context-specific control strategies that account for both micro-ecological and demographic determinants of infection.
A striking observation was the variability in prevalence across study sites. Facilities such as Mgbundukwu and Rumuigbo reported substantially higher infection rates than Churchill and Rumuodomaya, underscoring the uneven distribution of malaria burden even within a single metropolis. This spatial heterogeneity is likely driven by environmental factors including poor drainage, accumulation of stagnant water, and unregulated waste disposal, which sustain prolific breeding grounds for Anopheles mosquitoes (Castro, 2017; Elnour et al., 2023). 
Age-related patterns in malaria prevalence revealed further epidemiological complexity. As anticipated, children aged 1-10 years bore a high burden of infection (35.5%), reflecting immature immunity and increased vulnerability to symptomatic malaria. More striking, however, was the exceptionally high prevalence among adolescents and young adults aged 11-20 years (50.5%). This finding diverges from conventional epidemiological models, which predict declining risk after early childhood due to gradual acquisition of clinical and parasitological immunity (Dimkpa et al., 2023; WHO, 2024). The elevated prevalence in this age group may reflect shifting behavioural and social dynamics, including increased outdoor evening activities, inconsistent ITN use, and evolving schooling or occupational patterns that prolong exposure to infectious bites (Okiring et al., 2022). This result challenges the traditional paradigm that adolescents are at reduced risk and highlights a neglected epidemiological niche in malaria control. Schools and educational institutions could serve as critical platforms for deploying adolescent-targeted interventions, integrating malaria prevention education, ITN distribution, and periodic screening into broader youth health programmes. Conversely, the reduced prevalence among older adults is consistent with cumulative exposure leading to partial immunity, often manifesting as asymptomatic parasitaemia that sustains transmission while remaining undetected in routine clinical settings. These observations underscore the dynamic interplay between immunity, age, and exposure, and they suggest that malaria epidemiology in urban Nigeria is undergoing subtle but important shifts that demand adaptive strategies.
Sex-related differences were less pronounced but nonetheless informative. Females demonstrated slightly higher prevalence rates than males, though the difference was not statistically significant. This trend is in line with prior studies suggesting that hormonal variations and gendered socio-cultural roles, such as caregiving duties in vector-prone environments, may contribute modestly to increased female susceptibility (Ngutu et al., 2025). Interestingly, in certain locations such as Ozuoba and Rumuigbo, male prevalence surpassed that of females, particularly among middle-aged groups, likely reflecting occupational exposure linked to farming, and other outdoor livelihoods that increase contact with vector habitats. These divergent trends highlight the nuanced ways in which both biological and behavioural factors intersect to shape malaria risk and suggest that gender-sensitive malaria control strategies must take into account not only biological susceptibility but also community-specific occupational and socio-cultural dynamics (Olalekan et al., 2024).
The broader epidemiological implications of these findings are significant. The persistence of malaria in an urbanized metropolis like Port Harcourt, despite ongoing control efforts, illustrates the resilience of transmission in the face of socio-environmental vulnerabilities. Rapid unplanned urbanization, inadequate drainage, and socio-economic disparities have created micro-ecological niches that sustain malaria transmission even in the absence of traditional rural risk factors. This phenomenon is increasingly documented across sub-Saharan Africa, where malaria epidemiology is evolving alongside urban growth, climate variability, and demographic change (WHO, 2023; Merga et al., 2025). Importantly, the study highlights that malaria transmission in urban centres is neither uniform nor static, but fragmented into pockets of high and low risk, shaped by local determinants that are often overlooked by broad national policies.
These findings carry several important implications for malaria control. First, interventions must prioritize children and adolescents, particularly those aged 1-20 years, whose disproportionate burden challenges traditional assumptions about immunity acquisition. Schools represent a critical and underutilized platform for delivering malaria prevention in this demographic. Second, sex-sensitive strategies must address occupational and caregiving risk contexts, ensuring that both men and women receive targeted protection according to their exposure profiles. Third, the identification of localized hotspots necessitates a shift toward geographically differentiated interventions, emphasizing environmental management, larval source reduction, and intensified community-based surveillance in high-transmission areas. Finally, socio-economic inequities must be explicitly addressed: households with limited resources remain disproportionately vulnerable due to poor housing, reduced ITN access, and barriers to timely diagnosis and treatment. Without tackling these underlying social determinants, malaria elimination goals will remain elusive.

5. Conclusion
The study demonstrates that malaria remains a formidable health challenge in Port Harcourt, with a substantial prevalence of P. falciparum infection among febrile individuals. The observed age- and location-specific variations, coupled with the emergence of high infection rates among adolescents, highlight the dynamic and complex nature of malaria transmission in urban Nigeria. Effective control will require a paradigm shift from uniform, population-wide measures to nuanced, evidence-driven interventions that address environmental, behavioural, and socio-economic determinants of risk. Only by addressing these multifaceted drivers can malaria control programmes hope to achieve lasting reductions in transmission and move meaningfully toward the ultimate goal of elimination.
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