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Real-World Evaluation of Histidine-Rich Protein 2-Based RDTs Compared to Microscopy in Routine Use within Port Harcourt Metropolis, Nigeria 
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ABSTRACT 

	Background: Accurate and timely diagnosis of malaria is essential for effective case management, particularly in endemic regions such as Nigeria. Rapid Diagnostic Tests (RDTs) based on the detection of Plasmodium falciparum Histidine-Rich Protein 2 (HRP2) are widely used in health facilities due to their simplicity and speed. However, variability in their diagnostic performance, especially in field conditions, necessitates local validation. This study evaluated and compared the diagnostic accuracy of two HRP2-based RDTs commonly used in healthcare settings in Port Harcourt, Rivers State, Nigeria.
Methods: A cross-sectional study was conducted from February 2024 to March 2025, in seven (7) randomly selected health facilities in Port Harcour. Febrile patients aged ≥ 12 months presenting with symptoms suggestive of malaria were enrolled. Blood samples were tested using two HRP2-based RDTs. Thick/thin blood films were prepared for expert microscopy, which served as the reference standard. Diagnostic performance metrics-sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)-were calculated with 95% confidence intervals.
Results: A total of 829 participants were enrolled, with a malaria prevalence of 33.3% (276/829) by microscopy and 30.2% (250/829) by RDTs. Plasmodium falciparum infection was highest among participants aged 11-20 years (47.3%) compared to other age groups (χ²=20.68, df=6, P=.002) while infection was slightly higher among females (33.3%) compared to males (χ²=2.74, df=1, P=.098). Both RDTs demonstrated a sensitivity of 91%, specificity of 100%, PPV of 100%, and NPV of 96%. Cohen’s kappa indicated excellent agreement between both RDTs and microscopy (κ = 0.93). 
Conclusion: Both HRP2-based RDTs demonstrated acceptable diagnostic performance and can support routine malaria diagnosis in Port Harcourt health facilities. These findings underscore the importance of local performance evaluations of RDTs to guide procurement and clinical use. Further research is recommended to assess the impact of HRP2 gene deletions on RDT accuracy.
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1. INTRODUCTION 
Malaria remains a major global public health challenge, with sub-Saharan Africa bearing the highest burden of morbidity and mortality. Nigeria contributes disproportionately to this burden, accounting for a significant share of global malaria cases and deaths (Wokem et al., 2021; Dimkpa et al., 2023; World Health Organization [WHO], 2024; 2025). Early and accurate diagnosis is central to malaria control and case management, as it guides appropriate treatment, reduces the risk of complications, and limits the emergence of antimalarial drug resistance (WHO, 2024). Microscopy has long been regarded as the gold standard for malaria diagnosis, offering both species identification and parasite quantification (Feleke et al., 2021; WHO, 2024; Okereke et al., 2025). However, its routine use is constrained in many low-resource settings due to inadequate laboratory infrastructure, shortage of skilled personnel, and delays in processing (Yadav et al., 2024). Consequently, Rapid Diagnostic Tests (RDTs) have emerged as the most widely used alternative, especially in Africa, where they accounted for approximately 75% of malaria diagnostic testing in public facilities in 2017 (WHO, 2024). RDTs are particularly valued for their ease of use, rapid turnaround time, minimal equipment requirements, and utility in peripheral health facilities with limited diagnostic capacity (Ajakaye, 2024). 
Among RDTs, those targeting histidine-rich protein 2 (HRP2) of Plasmodium falciparum are the most commonly used in endemic regions, given that P. falciparum is the predominant malaria species in sub-Saharan Africa (WHO, 2024; 2025). Despite their operational advantages, HRP2-based RDTs have limitations in diagnostic accuracy. False-negative results may arise from multiple factors, including low parasite densities, operator error, suboptimal storage conditions, and importantly-pfhrp2/3 gene deletions in circulating parasite strains (WHO, 2024). Such diagnostic failures carry critical public health implications, including misdiagnosis, inappropriate treatment, treatment failure, and the risk of drug resistance development (Okereke et al., 2025).
Additionally, overreliance on clinical diagnosis without laboratory confirmation further complicates malaria management in Nigeria. Although clinical diagnosis is inexpensive and widely practiced, it is prone to errors because other febrile illnesses present with similar symptoms to malaria (Wogu & Nduka, 2018). Clinical diagnosis has demonstrated poor sensitivity (approximately 47.2%), making it unreliable as a standalone approach (WHO, 2024; 2025). Previous studies have attributed misdiagnosis not only to insufficient diagnostic tools but also to limited training of healthcare providers, inadequate clinical supervision, and systemic healthcare constraints (Ajakaye, 2024). 
Despite its limitations, RDT remains the primary diagnostic method in most malaria-endemic African countries due to its accessibility and practicality. Recent comparative studies suggest that RDTs may achieve higher sensitivity than routine microscopy when molecular techniques such as quantitative polymerase chain reaction (qPCR) are used as the reference standard, although both methods exhibit comparable specificity (Feleke et al., 2021; Obaniyi et al., 2025). Nevertheless, the performance of RDTs is context-dependent and varies across settings (Ajakaye, 2024; Obaniyi et al., 2025), underscoring the importance of local evaluation studies to validate their reliability and guide diagnostic policies. An earlier study in Edo State, southern Nigeria reported overall prevalence rates of malaria parasites, 55.2% and 99.2%, by RDT and microscopy, respectively, while RDT sensitivity and specificity compared to light microscopy was 69.08% and 66.67% respectively (Ajakaye & Ibukunoluwa, 2020). In a similar study conducted in Rivers State, RDTs had sensitivity, specificity, and diagnostic accuracy of 73.7%, 97.3%, and 88.3%, respectively when compared to microscopy (Wogu & Nduka, 2018). 
Against this backdrop, this study evaluated and compared the diagnostic performance of two widely used HRP2-based RDTs in health facilities within the Port Harcourt metropolis of Nigeria, using microscopy as the reference standard. Specifically, the study assessed the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the RDTs in real-world conditions. Such evidence is essential to inform malaria diagnostic practices in Nigeria, ensuring that accurate, timely, and cost-effective tools are deployed for effective case management and control.

2. methods

2.1 Study Design and Setting  

A cross-sectional diagnostic evaluation study was conducted between February 2024 to March 2025, across seven randomly selected public health care facilities in Port Harcourt Metropolis, Rivers State, Nigeria. The health facilities included Model Health Centre (MPHC) Rumueme, MPHC Rumuigbo, MPHC Ozuoba, MPHC Rumuodomaya, MPHC Mgbundukwu, MPHC Churchill, and Professor Kelsey Harrison Hospital in Port Harcourt. Port Harcourt is the capital of Rivers State, a major urban centre and industrial hub. Port Harcourt metropolis has a dense population with settlements often situated along rivers and creeks. The indigenous ethnic groups include mainly the Ikwerre, Ogoni, Kalabari, Okrika, Ibani, Andoni, Etche, and Opobo people.  Anopheles gambiae is the predominant malaria vector in Port Harcourt (Wokem et al., 2018).

2.2 Study Population 

The study enrolled febrile participants (axillary temperature ≥ 37.5°C or history of fever within the past 48 hours), aged ≥12 months, presenting to outpatient departments of participating health facilities. The study primarily focused on high-risk groups for malaria, children and pregnant women, who are mostly disproportionately affected by malaria-related complications. 


2.3 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 (Minimum sample usable). The study recruited 829 eligible participants.
2.4. Inclusion and Exclusion Criteria
2.4.1 Inclusion
Febrile participants aged ≥12 months, who gave informed consent (and assent where applicable). Participants who were clinically stable and apparently healthy at the time of recruitment, aside from febrile condition. Participants must be residents of Port Harcourt metropolis.
2.4.2 Exclusion
Severely ill study participants requiring immediate referral; those who had taken antimalarial drugs in the previous two weeks were excluded. Also, those who had confirmed non-malarial cause of fever, or mixed Plasmodium species infection. Those who declined to provide informed consent or withdrew consent at any stage of the study were also excluded.
2.5. Blood Sample Collection and Testing
Venous blood samples were collected from each participant following the protocol described by Lewis et al. (2010).  Each participant was simultaneously tested using both RDT 1 and RDT 2, following manufacturers’ instructions. Thick and thin blood films were prepared as described by Cheesbrough (2006). The blood film slides were stained using 3% Giemsa solution as described by World Health Organization (2010) and examined under light microscopy by two independent expert microscopists blinded to RDT results. Discrepant results were resolved by a third reviewer.
2.6. HRP-Based RDT Kits Evaluated
Two commercially available HRP2-based RDT kits were selected based on their widespread availability in public health facilities: RDT 1; brand name-First Response Malaria Antigen P. falciparum (HRP 2) Card Test (Premier Medical Corporation Private Limited, Gujarat, India; REF. P113FRC25). RDT 2: brand name-StandardTM Q Malaria P.f Ag Test (SD Biosensor, Inc, Republic of Korea; Cat. No.:09MAL109) were used to detect malaria parasites (P. falciparum), according to the manufacturer's instructions. The First Response Malaria Antigen P. falciparum (HRP2) Card Test is based on principle of immunochromatography in which nitrocellulose membrane is pre-coated with one monoclonal antibody (test line P.f) specific to histidine rich protein 2 (HRP2) of the P. falciparum. When the test sample along with buffer flows through the nitrocellulose membrane, second monoclonal antibodies specific for HRP2 antigen conjugated with colloidal gold, binds to HRP2 antigens released from the lysed blood sample. This antigen-conjugated antibody complex moves through the nitrocellulose membrane and binds to the immobilized HRP2 specific monoclonal antibody at the test line, which leads to the formation of colour band indicating reactive results. The control band will appear irrespective of reactive or non reactivesample. According to the manufacturer, the test (RDT1) had a sensitivity of 100% (95% CI: 97.89-100%) and specificity of 100% (95% CI: 99.50-100%).
The StandardTM Q Malaria P.f Ag test is a rapid and membrane-based immunochromatography for the qualitative detection of P. falciparum specific histidine rich protein 2 (HRP 2) in human capillary and venous whole blood specimens of patients suspected of having malaria. Standard Q Malaria P.f Ag test contains two pre-coated lines, “P.f” (P.falciparum) as test line and “C” as control on the surface of the nitrocellulose membrane. Both test line and control line in the result window of the test device are not visible before applying any specimens. Monoclonal anti-P. falciparum HRP2 is coated on the test line region and monoclonal anti-chicken IgY is coated on the control line region. During the test, the P. falciparum specific HRP2 in the specimen reacts to the gold-conjugated monoclonal anti-Malaria HRP2 and binds to it. Any P. falciparum specific HRP2 antigen-antibody gold particle complex also migrates with the buffer and is immobilized by monoclonal anti-P.falciparum HRP2 at the test line to form a violet test coloured band which confirms a positive result. Absence of this violet-coloured band indicates a negative result. The test had a sensitivity of 99.59% (95% CI: 98.53-99.95%) and specificity of 100% (95% CI: 99.67-100%) according to the manufacturer.
2.6.1 Performance of HRP2-Based RDT Kits
To comprehensively assess the diagnostic performance of histidine-rich protein 2 (HRP2)-based rapid diagnostic tests (RDT1 and RDT2 kits) in comparison with light microscopy, the reference standard, a performance matrix was established. This matrix included key diagnostic indicators: sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). These parameters provide a quantitative evaluation of the RDTs’ ability to correctly identify P. falciparum infections in clinical blood samples. For each sample, the result from the HRP2-based RDT was recorded as either positive or negative for P. falciparum infection. These results were then compared against microscopy findings, also categorized as either positive or negative. The data were tabulated into a 2x2 contingency matrix, and the following diagnostic indices were calculated: Sensitivity (True Positive Rate) = (TP)/(TP+FN) x100, which is the proportion of actual positives correctly identified by the RDT. Specificity (True Negative Rate) = (TN)/(TN+FP) x100, which is the proportion of actual negatives correctly identified by the RDT. Positive predictive value (PPV) = (TP)/(TP+FP) x100, which is the probability that subjects with a positive RDT result truly have the infection. Negative predictive value (NPV) = (TN)/(TN+FN) x 100, which is the probability that subjects with a negative RDT result truly do not have the infection. Where, TP (True Positives) is the number of samples correctly identified as positive by both RDT and microscopy. FP (False Positives) is the number of samples positive by RDT but negative by microscopy. FN (False Negatives) is the number of samples negative by RDT but positive by microscopy and TN (True Negatives) is the number of samples correctly identified as negative by both methods.
2.7. 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). Diagnostic accuracy metrics (sensitivity, specificity, PPV, NPV) were calculated with 95% confidence intervals using microscopy as the reference standard. Cohen’s kappa (κ) was used to evaluate inter-rater agreement between RDT and microscopy. 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 Sociodemographic and clinical characteristics of the study participants 
A total of 829 febrile subjects were recruited for the study. The mean age of participants was 27.38 ± 18.81 years (range: 1->60 years). The age distribution showed that the majority of participants were within the 31-40-year group (19.5%), followed by 21-30 years (18.5%) and 1-10 years (26.5%). The least represented age category was individuals above 60 years (5.8%). The mean axillary temperature of participants at presentation was 37.93 ± 0.37°C, consistent with febrile status. Regarding sex distribution, there were more females (59.8%) compared to males (40.2%), giving a female-to-male ratio of approximately 1.5:1.




Table 1. Sociodemographic variables of febrile subjects recruited for the study
	Variable
	Number (N)
	Frequency (%)

	Age Group (Years)
	
	

	1-10
	220
	26.5

	11-20
	93
	11.2

	21-30
	153
	18.5

	31-40
	162
	19.5

	41-50
	88
	10.6

	51-60
	65
	7.8

	> 60
	48
	5.8

	Mean±SD (years)
	829
	100 (27.38±18.81)

	Mean Temperature
	829
	100 (37.93±0.37)

	Sex
	
	

	Female
	496
	59.8

	Male
	333
	40.2




3.2 Overview of diagnostic methods and results

Table 2 shows diagnostic methods used to detect P. falciparum infection among study participants; rapid diagnostic tests (RDT 1 and RDT 2), and microscopy. Each method was used to examine 829 samples. For RDT 1 and RDT 2, both tests yielded 250 positive cases (30.2%) and 579 negative cases (69.8%), showing identical results. Microscopy identified 276 positive cases (33.3%) and 553 negative cases (66.7%). The overall prevalence of both RDT1 and RDT2 false negative was (3.1%; 26/829), while RDT false negative rate among microscopy was (9.4%; 26/276).
Table 2. Overview of Diagnostic Results for Plasmodium falciparum Infection
	Test
	No. Examined        
	Positive (%)         
	Negative (%)          

	RDT1
	829
	250 (30.2)
	579 (69.8)

	RDT2
	829
	250 (30.2)
	579 (69.8)

	Microscopy 
	829
	276 (33.3)
	553 (66.7)


Legend: RDT: Rapid Diagnostic Test, RDT1 (First Response Malaria Pf HRP2 Ag), RDT2 (Standard Q Malaria Pf Ag Test)

3.3 Prevalence by age and sex using mRDT
The overall prevalence of Plasmodium falciparum by mRDT was 30.2% (250/829). When stratified by age, infection was highest among participants aged 11-20 years (47.3%), followed by those aged 21-30 years (32.7%) and 1-10 years (31.8%). The lowest prevalence was observed in individuals aged ≥61 years (12.5%). A chi-square test indicated a statistically significant association between age group and malaria infection (χ²=20.68, df=6, P=.002). With respect to sex, infection was slightly higher in females (33.3%) compared to males (28.2%), but the difference was not statistically significant (χ²=2.74, df=1, P=.098).




Table 3. Prevalence of Plasmodium falciparum according to age and sex by mRDTs
	Variable
	No. Examined
	No. Infected (%)
	P value (χ²)

	Age Group (Years)
	
	
	

	1-10
	220
	70 (31.8)
	0.0021(20.68)

	11-20
	93
	44 (47.3)
	

	21-30
	153
	50 (32.7)
	

	31-40
	162
	47 (29.0)
	

	41-50
	88
	22 (25.0)
	

	51-60
	65
	11 (16.9)
	

	≥ 61
	48
	6 (12.5)
	

	
Sex
	
	
	

	Female
	469
	156 (33.3)
	0.098(2.74)

	Male
	333
	94 (28.2)
	



3.4 Prevalence by age and sex using microscopy
By microscopy, the overall prevalence of P. falciparum was 33.3% (276/829). The highest prevalence occurred among individuals aged 11-20 years (50.5%), followed by the 21-30 years (37.9%) and 1-10 years (35.5%) groups. The lowest prevalence was again observed among individuals’ ≥61 years (12.5%). The association between age and malaria infection remained statistically significant (χ²=20.83, df=6, P=.002). In terms of sex, females had a prevalence of 34.1% compared to 32.1% in males. However, this difference was not statistically significant (χ²=0.47, df=1, P=.490).
Table 4. Prevalence of Plasmodium falciparum according to age and sex by microscopy
	Variable
	No. Examined
	No. Infected (%)
	P value (χ²)

	Age Group (Years)
	
	
	

	1-10
	220
	78 (35.5)
	0.0020(20.83)

	11-20
	93
	47 (50.5)
	

	21-30
	153
	58 (37.9)
	

	31-40
	162
	50 (30.9)
	

	41-50
	88
	25 (28.4)
	

	51-60
	65
	12 (18.5)
	

	≥ 61
	48
	6 (12.5)
	

	
Sex
	
	
	

	Female
	469
	169 (34.1)
	0.490 (0.47)

	Male
	333
	107 (32.1)
	




3.5 Assessment of RDTs performance using microscopy as the reference standard
Table 5 shows the performance of the HRP2-based RDTs using microscopy, as the gold standard for malaria diagnosis. The analysis focuses on diagnostic accuracy indicators, such as sensitivity (True Positive Rate, TPR), specificity (True Negative Value, TNR), Positive Predictive Value (PPV), and Negative Predictive Value (NPV). A total of 829 individuals were examined across seven health facilities, 276 cases were confirmed as positive by microscopy, while 250 cases were detected as positive by RDTs. No false positives (FP=0) were recorded in any facility; however, 26 false-negative cases (FN) were observed, meaning that RDTs failed to detect malaria in some microscopy-confirmed cases. The overall True Positive Rate (TPR or Sensitivity) was 0.91 (91%), meaning that the RDTs correctly identified 91% of microscopy-confirmed P. falciparum malaria cases. The True Negative Rate (TNR or Specificity) was 1.00 (100%), indicating that all microscopy-negative cases were correctly identified as negative by the RDTs. The Positive Predictive Value (PPV) was 1.00 (100%), meaning that every RDT-positive case was a true malaria case. The Negative Predictive Value (NPV) was 0.96 (96%), showing that 96% of RDT-negative cases were truly negative. 

Table 5. Assessment of rapid diagnostic tests performance using microscopy as the reference method
	
Facility
	Microscopy
NE
	
TP
	
TN
	RDTs
TP
	
FP
	
TN
	
FN
	PPV
	NPV
	TPR
	TNR

	MPHC Churchill
	116
	28
	88
	22
	0
	88
	6
	1.00
	0.94
	0.79
	1.00

	MPHC Mgbundukwu
	118
	42
	76
	37
	0
	76
	5
	1.00
	0.94
	0.88
	1.00

	MPHC
Ozuoba
	125
	43
	82
	40
	0
	82
	3
	1.00
	0.97
	0.93
	1.00

	MPHC Rumueme
	114
	41
	73
	37
	0
	73
	4
	1.00
	0.95
	0.90
	1.00

	MPHC Rumuigbo
	119
	47
	72
	45
	0
	72
	2
	1.00
	0.97
	0.96
	1.00

	MPHC Rumuodomaya
	108
	31
	77
	27
	0
	77
	4
	1.00
	0.95
	0.87
	1.00

	KHH Diobu
	129
	44
	85
	42
	0
	85
	2
	1.00
	0.98
	0.96
	1.00

	Total
	829
	276
	553
	250
	0
	553
	26
	1.00
	0.96
	0.91
	1.00



3.6 Agreement of rapid diagnostic tests with microscopy
3.6 Agreement of rapid diagnostic tests with microscopy
Table 6 presents a 2x2 table comparing the results of RDT1/RDT2 (Rapid Diagnostic Tests) to Microscopy, the gold standard for detecting malaria. The diagnostic performance of RDT1/RDT2 in comparison with microscopy revealed a high sensitivity of 90.6%, indicating that the tests correctly identified a large majority of malaria-positive cases. Notably, the specificity and positive predictive value were both 100%, reflecting that there were no false positives recorded. The negative predictive value was 95.5%, suggesting strong reliability when ruling out malaria. The overall accuracy of the test was 96.9%, further confirming the effectiveness of RDT1/RDT2 as rapid diagnostic tools for malaria detection in this population. Cohen’s kappa coefficient (κ=0.93) showed an excellent level of agreement between RDT1/RDT2 results and

Table 6. Agreement of rapid diagnostic tests with microscopy
	Microscopy Result
	RDT1/RDT2 
Positive
	RDT1/RDT2 Negative
	Total          
	κ-value

	Positive (276)	
	250 (TP)
	26 (FN)
	276
	0.93

	Negative (553)
	0(FP)
	553(TN)
	553
	

	Total
	250
	579
	829
	


Legend: TP: True positive, TN: True negative, FP: False positive, FN: False negative

4. discussion

This study evaluated the performance of two HRP2-based malaria rapid diagnostic tests (RDTs) compared with microscopy, the gold standard, in febrile patients attending health facilities in Port Harcourt, Nigeria. The findings provide critical insights into the diagnostic utility of RDTs in this endemic setting and highlight important epidemiological patterns across age and sex. The study population of 829 febrile participants had a mean age of 27.4 years, with the highest representation among individuals aged 1-10 years (26.5%) and 31-40 years (19.5%). This reflects the well-documented vulnerability of children and young adults in endemic regions, who often experience the highest transmission intensity due to incomplete immunity (WHO, 2024; Ajayi et al., 2021). The relatively high infection burden among adolescents and young adults also aligns with studies conducted in Lagos, Abuja, and an urban city in Rivers state, which reported substantial malaria prevalence among school-aged children and youths (Dimkpa et al., 2023; Oviedo et al., 2023). The higher representation of females (59.8%) compared to males (40.2%) may partly reflect differences in healthcare-seeking behaviour, with women often more likely to present at health facilities for febrile illness (Mohan et al., 2025). Although prevalence was slightly higher in females than males, the lack of significant difference is consistent with findings from Ibadan, and other parts of Nigeria where malaria prevalence was not strongly associated with sex (Opara & West, 2017; Bello & Ayede, 2019; Oyerogba et al., 2023; Osun et al., 2024). However, in Ondo State, western Nigeria, higher P. falciparum infection prevalence was reported among males than female study participants (Oluwafemi et al., 2024).
The prevalence of Plasmodium falciparum malaria was 30.2% by RDTs and 33.3% by microscopy. The slightly higher prevalence obtained with microscopy reflects its ability to detect lower parasite densities, which may be missed by RDTs (WHO, 2024). Similar trends have been reported in Nigerian studies from Kwara, and Ondo States, where microscopy consistently detected slightly higher prevalence rates compared to RDTs (Ajakaye et al., 2024; Obaniyi et al., 2025). These findings reinforce the importance of microscopy for definitive diagnosis but also highlight that RDTs remain sufficiently reliable for routine case management in primary care facilities. Although in a rural community in Ebonyi State, eastern Nigeria, malaria parasite prevalence was reportedly higher by RDT (56.8%) compared to microscopy (38.6%) (Nwele et al., 2022). Age-stratified results revealed the highest prevalence among individuals aged 11-20 years (47.3% by RDT; 50.5% by microscopy), followed by 21-30 years and 1-10 years. This pattern is consistent with findings from Ogun and Edo States, where malaria prevalence was particularly high among school-age children and young adults (Oviedo et al., 2023). The significantly lower prevalence among participants aged ≥61 years supports the hypothesis that cumulative exposure confers partial immunity in older populations (WHO, 2024).
Both RDTs demonstrated excellent diagnostic accuracy when compared with microscopy. The sensitivity of 90.6% indicates that most true malaria cases were correctly identified; while the specificity and positive predictive value of 100% confirms that there were no false-positive cases. These results align with recent studies from other Nigerian regions, including Kwara and Ondo States, where HRP2-based RDTs achieved specificities above 98% and sensitivities ranging between 88-92% (Ali et al., 2022; Obaniyi et al., 2025). Similarly, in Ebonyi, Benue States, and other parts of the world, RDTs demonstrated high concordance with microscopy, reinforcing their reliability in real-world settings (Feleke et al., 2021; Nwele et al., 2022; Osun et al., 2024). However, in another related studies conducted in Calabar and North-Central Nigeria, conventionally RDT performed relatively low to microscopy (Iwuafor et al., 2018; Anenga et al., 2025). The occurrence of false negatives in this study (26 cases) is consistent with the known limitations of HRP2-based RDTs, particularly at low parasite densities or in the presence of pfhrp2/3 gene deletions (WHO, 2024; 2025). Although pfhrp2/3 deletions have not been widely reported in Nigeria, surveillance studies from the West African subregion have raised concerns about their potential emergence (WHO, 2025). This highlights the importance of continuous monitoring of RDT performance and integrating molecular diagnostic tools in future Nigerian studies.
The Cohen’s kappa coefficient of 0.93 in this study indicates excellent agreement between RDTs and microscopy, corroborating findings from endemic municipalities in Colombia and southern Nigeria where RDT-microscopy concordance exceeded κ=0.85 (Cortes & Guerra, 2020; Ogunfowokan et al., 2020). According to Ogunfowokan et al., agreement between malaria parasitaemia using microscopy and malaria RDT positivity rates depend on increase in Plasmodium falciparum density. Together, these findings confirm that HRP2-based RDTs are reliable alternatives to microscopy in routine practice, especially in primary healthcare centres lacking laboratory infrastructure.
The demonstrated reliability of HRP2-based RDTs in this study strengthens their role in Nigeria’s malaria case management strategy. Their simplicity, rapid turnaround, and accuracy make them vital tools for frontline diagnosis, especially in rural or resource-limited settings. Nonetheless, the false-negative cases emphasize the need for regular training of health workers to minimize operator errors, ensure proper storage, and improve test interpretation. Importantly, surveillance for pfhrp2/3 deletions should be incorporated into Nigeria’s malaria control programmes to preserve the long-term utility of HRP2-based RDTs.

5. Conclusion
This study demonstrates that HRP2-based RDTs have high sensitivity, perfect specificity, and strong concordance with microscopy for diagnosing P. falciparum malaria in Port Harcourt. These findings are consistent with Nigerian studies across different states, affirming the diagnostic utility of RDTs in routine practice. Strengthening their use, while complementing them with molecular surveillance and health worker training, will be critical to achieving Nigeria’s malaria elimination goals.
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