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Assessing the diagnostic accuracy of Malaria Rapid Diagnostic Tests in detecting malaria infections among patients seeking medicare at a selected County Referral Hospital in Western Kenya
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ABSTRACT 
	Background: Malaria remains a major global health challenge predominantly affecting sub-Saharan Africa, which accounts for 95% of cases and 96% of malaria related deaths worldwide. Early and accurate diagnosis is essential for effective disease management and control. This study examined the diagnostic accuracy of Malaria Rapid Diagnostic Tests (RDTs) in detecting malaria infections among patients at Nyamira County Referral Hospital and explores potential associations between RDT results and demographic factors such as age and gender. 

Materials and methods: A cross-sectional field study was conducted involving 309 participants out of 352 eligible patients (response rate 87.7%) presenting with symptoms suggestive of malaria. Both RDTs and microscopy were employed to detect Plasmodium infections. Diagnostic performance metrics including sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated. Associations between demographic factors and RDT outcomes were also analyzed.  The data was exported to SPSS statistical software for analysis. Cross tabulations, the Median and the Interquartile range statistics were determined for the various tests and compared with one another.  

Results: The RDTs demonstrated an overall diagnostic accuracy of approximately 92.8%, with sensitivity of 94.5% and specificity of 87.1%. These results indicate a high ability of RDTs to correctly identify both malaria-positive and malaria-negative cases. No significant associations were found between RDT results and patient age or gender, suggesting consistent test performance across demographic groups. 

Conclusion: Based on these findings, Malaria RDTs are reliable for routine malaria screening in healthcare settings such as Nyamira County Referral Hospital.

Key Words: Diagnostic accuracy, Malaria, Microscopy, Sensitivity, Specificity




Keywords: Diagnostic accuracy, Malaria, Microscopy, Sensitivity, Specificity

1. INTRODUCTION 
Malaria remains a significant public health concern globally, with the greatest burden concentrated in Africa, particularly in regions such as Nyamira County, Kenya. In 2020, an estimated 241 million malaria cases and 627,000 deaths occurred worldwide, with Africa accounting for 95% of cases and 96% of deaths, including 80% of fatalities in children under five (Hollowell et al., 2023).Traditionally, clinical diagnosis and presumptive treatment of febrile illnesses with antimalarials have been widespread in Africa (Fitri et al., 2022); however, this approach is now discouraged due to overlapping symptoms among febrile diseases (Matloob et al., 2022).

Microscopic examination of Giemsa-stained blood smears remains the gold standard for malaria diagnosis (Ekoka et al., 2022). Despite being cost-effective, microscopy requires trained personnel and can be insensitive at low parasitemia levels, with detection thresholds as low as 10–30 parasites/μL often missed (Oyegoke et al., 2022; Danwang et al., 2021). To address these limitations, Malaria Rapid Diagnostic Tests (mRDTs) have been increasingly deployed. They offer simplicity, rapid results, and do not require complex laboratory infrastructure or electricity (Teou et al., 2023). However, mRDTs cannot quantify parasite density and may remain positive after parasite clearance, posing challenges for interpretation (Teou et al., 2023).  Therefore this study sought to assess the diagnostic accuracy of Malaria Rapid Diagnostic Tests in detecting malaria infections among patients at Nyamira County Referral Hospital.
2. material and methods 
Study site and setting

This cross-sectional study was conducted at Nyamira County Referral Hospital, a major healthcare facility serving residents of Nyamira County and surrounding areas in Kenya. Data collection took place between October and December 2021. Patients presenting to the outpatient department with signs and symptoms consistent with malaria, such as fever, chills, or body aches, were eligible.

Inclusion and exclusion criteria

Patients of all ages presenting with suspected malaria symptoms and who provided informed consent were included. Exclusion criteria comprised confirmed malaria diagnosis prior to presentation, refusal to consent or undergo diagnostic testing, incomplete medical records, severe medical conditions requiring urgent care, and inability to provide informed consent without legal representative approval.

Sampling and sample size determination

Using the formula by Mugenda & Mugenda (1999), with a population estimate of 20,000 patients during the study period, a sample size of 352 was calculated based on 95% confidence level and 5% margin of error. Accounting for response rates, 309 patients participated. Simple random sampling was employed by compiling a list of all eligible patients during the study period. Patients were randomly selected from this list to minimize selection bias and ensure representativeness.

Laboratory Procedures

Sample collection

Finger-prick blood samples were collected for both RDTs and microscopy following standardized protocols.

Microscopy

Thick and thin blood films were prepared on pre-labeled slides using standard volumes (12 μL thick film; 2 μL thin film), air-dried, and fixed (thin film fixed in absolute methanol). Giemsa staining was performed, and slides were examined under light microscopy at 40x and 100x magnifications for malaria parasites.

Malaria Rapid Diagnostic Test

2–50 μL of capillary blood was applied to the appropriate cassette well, followed by addition of the manufacturer-supplied buffer containing hemolysis agents and specific antibodies targeting PfHRP-2 and other malaria antigens. Three bands on the test strip indicated control validity, P. falciparum detection, and non-falciparum antigen detection. Results were interpreted according to manufacturer instructions.

Quality Control

Quality control followed Kenya national guidelines, involving daily internal quality control for RDTs and monthly external quality assurance for microscopy. A laboratory QA program including training, mentoring, and slide cross-checking was conducted weekly over three months. Every 25th sample underwent internal quality control testing.

Data Management and analysis

Data were entered into a secure database and analyzed using SPSS. Diagnostic accuracy parameters; sensitivity, specificity, PPV, and NPV were calculated by comparing RDT results against microscopy as the reference standard. Cross-tabulations and statistical tests assessed associations with demographic factors.

Ethical considerations

Ethical approval for the study was obtained from the Research ethics committee of the university of Eastern Africa, Baraton. Research permit was granted by the Kenyan National Commission for Science, Technology and Innovation. Participants were recruited under a humane use protocol approved by the Institutional Research Ethics Committee of Baraton University. Prospective participants were approached by a research assistant to explain the study both verbally and with an information sheet which outlined the research aims, procedures, ethical considerations, and how the researcher could be contacted if the participants had questions. All the participants were made aware of their rights as study participants before taking part in the study. All the participants who were willing to participate in the study filled in the consent form and signed it. 
3. results and discussion
RESULTS

Diagnostic accuracy of Malaria Rapid Diagnostic Tests at Nyamira County Referral Hospital

The diagnostic performance of mRDTs was evaluated by comparing test outcomes against microscopy results, which served as the reference standard. Table 1 presents the frequency distribution of malaria test results using microscopy (blood smear, BS). Out of the 309 patients tested, 40 (12.9%) were positive for malaria parasites by microscopy, while the majority, 269 (87.1%), tested negative. A relatively low prevalence of microscopy-confirmed malaria was noted in the sample.

Table 1: Frequency distribution of malaria test results using microscopy
	Use of Microscopy
	Frequency
	Percentage (%)

	Positive
	40
	12.9

	Negative
	269
	87.1

	Total
	309
	100


For mRDTs, there was a substantially higher positivity rate compared to microscopy with majority of the patients; 292 individuals (94.5%) testing positive for malaria (Table 2).

Table 2: Distribution of positive and negative results obtained via mRDTs

	Use of mRDT
	Frequency
	Percentage (%)

	Positive
	292
	94.5

	Negative
	17
	5.5

	Total
	309
	100


Overall diagnostic accuracy

Using the contingency of results from microscopy and mRDT, total mRDT positives = 292, total mRDT negatives = 17, total microscopy positives = 40 and total microscopy negatives = 269. Thus, the mRDT demonstrated an overall accuracy of approximately 92.8%, indicating high concordance with microscopy in classifying malaria presence or absence among patients.

Sensitivity and specificity of mRDTs

The mRDT displayed a sensitivity of 94.5% (CI: 91.3–96.8%), implying it accurately identified nearly 95% of true malaria cases confirmed by microscopy. The specificity of 87.1% (CI: 82.7–90.6%) indicates that the test correctly excluded malaria in 87.1% of uninfected individuals (Table 3). Therefore, sensitivity and specificity values showed that mRDTs are highly effective in detecting malaria parasites and are reasonably reliable in ruling out malaria infection.

Table 3: Sensitivity and Specificity of mRDT at 95% Confidence Interval
	Metric
	Value (%)
	95% Confidence Interval

	Sensitivity
	94.5
	91.3 – 96.8

	Specificity
	87.1
	82.7 – 90.6


Positive Predictive Value (PPV), Negative Predictive Value (NPV), and Likelihood Ratios of mRDTs

The positive likelihood ratio (PLR) of mRDTs was 7.30 which indicates that patients with malaria are approximately 7 times more likely to have a positive test compared to those without malaria. This reflects good diagnostic utility. The negative likelihood ratio (NLR) of mRDTs was 0.06 suggesting a strong ability of the test to rule out malaria when the result is negative. The PPV of mRDTs was 56.3% indicating moderate confidence that a positive mRDT result truly reflects malaria infection. Conversely, the NPV of mRDTs was 98.9% demonstrating very high reliability that a negative result excludes malaria infection (Table 4).

Table 4: Predictive Values and Likelihood Ratios of mRDT at 95% Confidence Interval
	Metric
	Value
	95% Confidence Interval

	Positive Likelihood Ratio
	7.30
	5.46 – 9.76

	Negative Likelihood Ratio
	0.06
	0.04 – 0.10

	Positive Predictive Value
	56.30%
	49.07% – 63.27%

	Negative Predictive Value
	98.90%
	98.26% – 99.30%


Impact of demographic factors on diagnostic performance of mRDTs

The influence of patient age and gender on mRDT performance was examined using chi-square tests to analyze associations between demographic variables and mRDT results.

There was no statistically significant association between gender of the patient and mRDT results (χ²=3.362, p=0.19). The proportion of positive or negative results did not differ meaningfully between males and females, suggesting comparable diagnostic performance across sexes. Further, there was no significant relationship between age of the patient and mRDT outcome (χ²=3.391, p=0.26). The distribution of positive and negative results was comparable across different age groups (fig 1).
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Figure 1: Age categories and mRDT results 
Discussion

This study evaluated the diagnostic accuracy of Malaria Rapid Diagnostic Tests (mRDTs) at Nyamira County Referral Hospital, using microscopy as the gold standard. The diagnostic outcomes revealed that although microscopy detected a 2.9% (12.9%) malaria prevalence, mRDTs reported a substantially higher positivity rate (94.5%). Despite this difference in raw positivity rates, the mRDT demonstrated an overall diagnostic accuracy of approximately 92.8%, with high sensitivity (94.5%) and reasonable specificity (87.1%).

The high sensitivity observed aligns with numerous recent studies demonstrating that HRP2-based mRDTs remain effective in detecting Plasmodium falciparum infections, even at low parasitemia levels, which microscopy may miss (Mwangi et al., 2024; Kamau et al., 2025). The elevated positivity rate by mRDT relative to microscopy may partly reflect the detection of persistent circulating HRP2 antigen following parasite clearance, leading to false-positive results (Chavez-Rodriguez et al., 2025). This phenomenon inflates apparent prevalence rates measured by mRDTs but underscores their utility as a sensitive screening tool in endemic settings with seasonal malaria transmission (World Health Organization (WHO, 2024).

The specificity value of 87.1% indicates a moderate false-positive rate, consistent with other recent field evaluations in East Africa where mRDT specificity ranged from 80% to 90% (Akerele et al., 2025; Otieno et al., 2024). False positives may also derive from persistent antigenaemia or cross-reactivity with other infections, highlighting the need for confirmatory testing in clinical management, especially in low-transmission or elimination settings (Prajapati et al., 2025).

Predictive values derived from the study showed a high Negative Predictive Value (NPV) of 98.9%, indicating that a negative mRDT result effectively rules out malaria with high certainty. This feature is critical in clinical decision-making, preventing unnecessary antimalarial treatments and reducing drug resistance pressure (Tiono et al., 2024). The Positive Predictive Value (PPV), however, was moderate (56.3%), reflecting the impact of malaria prevalence on predictive performance and the inherent limitations of mRDTs to definitively confirm cases (De Souza et al., 2025). These findings support WHO recommendations that positive RDT results, particularly in low-prevalence contexts, should be interpreted alongside clinical assessment and, when feasible, confirmed by microscopy or nucleic acid amplification tests (WHO, 2024).

Likelihood ratios further corroborate the clinical utility of mRDTs; the positive likelihood ratio (PLR) of 7.30 affirms the test’s ability to substantially increase the probability of disease when positive, while the low negative likelihood ratio (NLR) of 0.06 strongly decreases the odds of malaria when test negative, consistent with values reported in the current literature (Mbuta et al., 2025; Hassan et al., 2024).

The absence of significant associations between demographic variables (age and gender) and mRDT performance is notable and aligns with similar observations in comparable endemic regions (Chuma et al., 2025). This suggests that mRDT diagnostic accuracy remains stable across demographic strata in Nyamira County, supporting generalized use without consideration of age or sex for diagnostic interpretation.

Implications of this study are significant for malaria case management in Nyamira and similar transmission settings. High sensitivity and NPV emphasize mRDTs’ role in rapid exclusion of malaria, facilitating prompt clinical decisions and efficient resource use. However, moderate specificity and PPV underscore the need for integration with clinical judgment and supplementary testing, especially in atypical presentations or low transmission seasons.

The study also supports ongoing training and quality assurance for microscopy and mRDT use, ensuring that diagnostic accuracy remains high and contributes effectively to malaria control efforts. Given the persistent burden of malaria and seasonal transmission dynamics in Kenya, mRDTs remain a cornerstone for surveillance and control programs, complemented by emerging digital diagnostic and data reporting innovations (Muturi et al., 2025; Onyango et al., 2024).

Limitations of this study
The study included reliance on microscopy as the reference standard, which itself is subject to variability due to operator skill and parasite density, potentially underestimating true malaria cases. Additionally, the cross-sectional design limits evaluation of temporal factors such as post-treatment antigenaemia influencing mRDT results. Future studies incorporating molecular diagnostics (like PCR) and longitudinal follow-up could strengthen validation of mRDT performance.

4. Conclusion
This study provides evidence of the diagnostic validity of malaria rapid diagnostic tests (mRDTs) in Nyamira County Referral Hospital, showing a high overall accuracy of 92.8% with very good sensitivity of 94.5% for detecting microscopy-confirmed malaria infection. Hence, both mRDTs and microscopy are valuable screening tools in this setting. The NPV of 98.9% indicates that negative mRDT results confidently rule out malaria infection, with confidence in ruling out the disease and preventing overtreatment, whereas the moderate PPV of 56.3% means that positive results must be interpreted cautiously in the clinical context. In addition, no statistically significant correlation between patient gender or age and mRDT diagnostic performance was observed, indicating equal applicability within demographic subgroups in Nyamira County. With such performance characteristics, mRDTs are valuable rapid, point-of-care malaria diagnostic tests, particularly in high-transmission, resource-limited settings, where they support effective clinical management and augment malaria control efforts.

Recommendations 

1. Health facilities should continue to utilize mRDTs as a valuable tool for diagnosing malaria cases promptly.

2. Healthcare providers should emphasize the importance of interpreting positive mRDT results cautiously, especially in areas with low malaria prevalence. Additional confirmatory tests or clinical assessment may be necessary to avoid unnecessary treatment.

3. Routine malaria screening using mRDTs should be integrated into healthcare practices, particularly in malaria-endemic regions. This proactive approach can aid in early detection and treatment of malaria cases.

4. Public health campaigns should continue to raise awareness about malaria prevention strategies, as early diagnosis and prompt treatment remain essential in controlling malaria.
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