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COMPARATIVE DIAGNOSTIC PERFORMANCE OF WIDAL TEST, RAPID DIAGNOSTIC TEST, BLOOD PCR, AND STOOL PCR FOR TYPHOID FEVER AMONG PATIENTS IN GA WEST MUNICIPALITY, GHANA


ABSTRACT

Background: Typhoid fever remains a major cause of febrile illness in low- and middle-income countries, where accurate diagnosis is essential for appropriate clinical management and antimicrobial stewardship. We compared the diagnostic performance of the Widal Test, Rapid Diagnostic Test (RDT), Blood Polymerase Chain Reaction (Blood PCR), and Stool Polymerase Chain Reaction (Stool PCR) among febrile patients in Ga West Municipality, Ghana.

Methods: A comparative cross-sectional quantitative design was employed, enrolling 284 febrile patients from seven health facilities. We collected blood and stool samples from October 2025 to March 2026 and analysed them using the Widal Test, RDT, Blood PCR, Stool PCR, and blood culture as the reference standard. Data were analysed using STATA, and diagnostic performance was assessed through sensitivity, specificity, predictive values, likelihood ratios, diagnostic accuracy, Cohen's kappa statistic, and McNemar's test.

Results: Blood culture-confirmed typhoid fever prevalence was 2.8% (8/284). Stool PCR showed superior diagnostic performance: 100% sensitivity, 83.7% specificity, 84.2% diagnostic accuracy, and a Youden Index of 0.837. Blood PCR and RDT IgM showed identical performance (52.5% specificity, 53.9% accuracy) with perfect agreement (κ=1.000). The Widal test performed the worst, with 35.1% specificity, 37.0% accuracy, and a 65% false-positive rate. All null hypotheses were rejected (P<0.001), confirming significant differences in diagnostic performance across methods.

Conclusion: Stool PCR is the most reliable diagnostic tool for typhoid fever in this setting. The perfect agreement between RDT IgM and Blood PCR supports using well-validated RDTs as practical alternatives where molecular diagnostics are unavailable. The Widal Test should be phased out for definitive diagnosis. Adopting molecular methods and validated RDTs in routine practice would improve diagnostic accuracy, antimicrobial stewardship, and typhoid surveillance in Ghana and similar endemic settings.
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1.0 INTRODUCTION 
Typhoid fever is one of the most important bacterial causes of febrile illness in low- and middle-income countries, where poor sanitation, unsafe drinking water, rapid urbanisation, and poor hygiene contribute to faecal-oral transmission of Salmonella enterica serovar Typhi(1,2). Typhoid fever remains a significant public health challenge in sub-Saharan Africa despite significant strides in the field of disease surveillance and diagnostic technologies, and it contributes to preventable morbidity, extended hospital stays, productivity losses and avoidable mortality, particularly among children and economically active adults (3–5). The clinical presentation of typhoid fever often mimics that of malaria, dengue fever, and other acute febrile illnesses; therefore, laboratory confirmation is needed for diagnosis and to prescribe appropriate antimicrobial therapy (6–8). Therefore, diagnostic accuracy is a key priority in countries endemic for the disease, where empirical treatments remain common and drive antimicrobial resistance (5,9,10). Traditionally, blood culture has been considered the standard laboratory reference method for typhoid diagnosis; however, it is limited by long turnaround times, decreased sensitivity after antibiotic use, special laboratory requirements, and the need for skilled personnel(11,12). These restrictions have led to the use of other diagnostic methods such as the Widal agglutination test, rapid diagnostic tests and, more recently, molecular methods like polymerase chain reaction, with each method having its own advantages and limitations  (13–15). The Widal test is one of the most widely used investigations in many health facilities in Africa, as it is cheap, technically simple, and readily available. However, several studies have shown that it is affected by low specificity, cross-reactivity with other infectious diseases, as well as geographical differences in baseline antibody levels, leading to a high rate of overdiagnosis and unnecessary prescription of antibiotics (15–19). Rapid diagnostic tests are becoming available as effective alternatives that deliver results quickly and require minimal laboratory equipment. It can be demonstrated that modern immunodiagnostic assays have overall better performance than the conventional serological assays, but there are significant differences in sensitivity and specificity depending on the context, the different commercial assays, and the type of patient groups (10,13,20). Concurrently, molecular diagnostic techniques have emerged as one of the most promising tools for directly detecting Salmonella Typhi in clinical samples because of their high analytical sensitivity, rapid detection, and low susceptibility to pre-sample antibiotic exposure. Blood PCR can be used to detect the presence of bacterial DNA in circulation during active infection, while stool PCR can be used to identify bacterial shedding and potential carrier status, which can complement blood-based diagnosis and strengthen epidemiological surveillance(5,9,10). Although these efforts have improved health care provision and disease control programmes in Ghana, typhoid fever remains a major cause of febrile illness. This has been further illustrated in several investigations which have shown that in many health facilities, laboratory diagnosis is inconsistent, with many health professionals depending mostly on the Widal test for reasons of both the cost and facilities required, despite the growing evidence that challenges the diagnostic validity of the test (10,17,19). The challenge is especially acute in Ga West Municipality, where malaria and typhoid fever often co-occur in people presenting with fever, creating a diagnostic dilemma and increasing the risk of misdiagnosis when laboratory results are not readily available (8,21). This diagnostic uncertainty not only delays appropriate treatment but also leads to unnecessary antimicrobial exposure, increased antimicrobial resistance, higher healthcare costs, and poor patient outcomes (6,6,7,22).
While a few studies have assessed the Widal test, blood culture, rapid diagnostic test, or molecular assays separately, few have compared the diagnostic performance of the Widal test, rapid diagnostic test, Blood PCR, and Stool PCR in a single study among febrile patients in the same Ghanaian population under similar clinical conditions. While most studies in Ghana have compared Widal with blood culture or stool culture, evidence remains limited for directly comparing molecular and serological methods in Ga West Municipality. (10,17,19). This evidence gap prevents effective decision-making on the best diagnostic approach for routine clinical care and public health monitoring in the municipality. The implications of this study go beyond a simple diagnostic comparison. The study compared the diagnostic performance of the Widal test, rapid diagnostic test, Blood PCR and Stool PCR in febrile patients seeking health facilities in Ga West Municipality, and the results can inform clinical practice, improve laboratory diagnostic algorithms, and contribute to National strategies for the improvement of typhoid fever surveillance and antimicrobial stewardship. The results are likely to help clinicians choose suitable diagnostic tools, inform policymakers on where to allocate resources to strengthen the laboratory system, and add to the growing body of research on enteric fever diagnosis in Ghana. These considerations have led to the specific limitation for the present study to febrile patients seeking care at selected health facilities in the Ga West Municipality, and to assess only the diagnostic performance of the Widal test, Rapid Diagnostic Test, Blood PCR and Stool PCR with the laboratory procedure and analytical approach used in the current study.

1.1.0 Diagnostic Approaches for Typhoid Fever
Although the aetiology of typhoid fever was diagnosed using various serological methods, none of these methods has been widely accepted and used in clinical practice, as each has its own strengths and weaknesses depending on the clinical and epidemiological situation  (5,13,15). The Widal agglutination test remains widely used in many resource-constrained settings because it is affordable and easy to implement. However, many investigators have reported poor diagnostic specificity, cross-reactions with other bacterial and parasitic infections, inability to differentiate between past and present infection and geographical variations in background antibody titres of this test (14,16–19). However, Sam et al. (2024) and Najib et al. (2021) propose that modern diagnostic tests, such as rapid diagnostic tests, provide a faster and, overall, more accurate diagnosis than traditional serology tests, although performance varies across endemic regions. Molecular methods, specifically the Blood Polymerase Chain Reaction (PCR) and Stool Polymerase Chain Reaction (PCR), are steadily gaining scientific acceptance, as they directly identify the presence of the bacteria's genetic material and offer analytical sensitivity and specificity even for patients who have received antibiotic therapy before specimen collection(5,9). However, molecular diagnostics are still limited in implementation at a wider scale in developing countries due to the high cost, need for specialised equipment and lack of laboratory infrastructure (15). The scholarly community increasingly agrees that comparative evaluations are needed, specific to each context, to define the most suitable diagnostic approach in a particular healthcare environment.
1.2.0 Comparative Diagnostic Performance of Widal Test, Rapid Diagnostic Test, Blood PCR, and Stool PCR
The notion of diagnostic performance is not limited to whether the laboratory test can be used to detect a disease; rather, it also includes important indices, including sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratios, diagnostic accuracy and agreement with the accepted reference method. (7,13). While highly sensitive tests have few false negatives, most experts believe highly specific tests have fewer false positives, and it remains unclear which diagnostic method is more clinically useful in endemic African settings. A study showed that, in Ghana, the Widal test significantly overdiagnosed typhoid compared with other tests, but it remained useful for diagnosing typhoid fever in suspected cases. (19). Similarly, Domfeh et al., (2023) study found that the Widal test was poorly correlated with stool culture, raising doubts about using serology alone for diagnosis. However, Sam et al., (2024) reported that the Typhidot Rapid Diagnostic Test had promising diagnostic characteristics in southern Ghana and that well-evaluated rapid immunodiagnostic tests could serve as useful alternatives in the absence of molecular tools. Kunwar et al., (2024) also noted that Polymerase Chain Reaction (PCR) consistently identified Salmonella Typhi with higher accuracy than conventional serological methods. Sam et al., (2024) highlighted the potential of molecular characterisation in understanding the circulating strains and its role in supporting disease surveillance. As such, WHO, (2025) highlights that diagnostic technologies should be assessed in the clinical context in which they will be used, as factors such as disease prevalence, health care systems, laboratory infrastructure, and cost significantly affect real-world performance. This ongoing controversy emphasises the need for comparative studies in which all tests are performed in the same patient population and context-specific evidence can be produced to support clinical practice and improve typhoid diagnosis in endemic areas like Ga West Municipality, Ghana.

This study aimed to compare the diagnostic performance of the Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction in diagnosing typhoid fever among febrile patients in Ga West Municipality, Ghana.
To achieve this aim, the study pursued the following specific objectives:
1. To determine the prevalence of typhoid fever among febrile patients in Ga West Municipality using Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction.
2. To compare the diagnostic performance of the Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction by evaluating their sensitivity, specificity, positive predictive value, negative predictive value, diagnostic accuracy, and likelihood ratios.
3. To assess the level of diagnostic agreement between Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction using appropriate statistical measures of agreement.
4. To determine whether significant differences exist in the diagnostic performance of Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction among febrile patients in Ga West Municipality, Ghana.
The following null hypotheses were tested in this study:
H₀₁: The diagnostic performance of the Widal test, Rapid Diagnostic Test, Blood Polymerase Chain Reaction, and Stool Polymerase Chain Reaction does not differ significantly in diagnosing typhoid fever among febrile patients in Ga West Municipality, Ghana.
H₀₂: The Widal test and the Blood Polymerase Chain Reaction do not agree significantly in diagnosing typhoid fever among febrile patients in Ga West Municipality, Ghana.
H₀₃: The Rapid Diagnostic Test and the Polymerase Chain Reaction do not agree significantly in diagnosing typhoid fever among febrile patients in Ga West Municipality, Ghana.
H₀₄: There is no statistically significant agreement between the diagnostic outcomes obtained using Stool Polymerase Chain Reaction and Blood Polymerase Chain Reaction in diagnosing typhoid fever among febrile patients in Ga West Municipality, Ghana.


2.0 METHODOLOGY

2.1 Study Design
This study employed a comparative cross-sectional quantitative design to evaluate and compare the diagnostic performance of four laboratory methods: Widal Test, Rapid Diagnostic Test (RDT), Blood Polymerase Chain Reaction (Blood PCR), and Stool Polymerase Chain Reaction (Stool PCR) for the diagnosis of typhoid fever among febrile patients. The comparative cross-sectional design was deemed appropriate for this investigation as it permitted the simultaneous assessment of multiple diagnostic tests within the same study population under identical clinical and epidemiological conditions, thereby facilitating direct head-to-head comparison of test performance characteristics without the confounding effects of temporal or population variation. 
The study was conducted over a period of six months, October 2025 to November 2026, allowing for adequate participant recruitment and comprehensive laboratory analysis while minimising seasonal variations in disease presentation that could potentially influence diagnostic outcomes.
2.2 Study Area
The study was conducted in the Ga West Municipality, one of the districts in the Greater Accra Region of Ghana. Ga West Municipality is a peri-urban and semi-urban setting characterised by diverse socioeconomic conditions, varying levels of sanitation infrastructure, and a population of approximately 350,000 residents. The municipality experiences a high burden of febrile illnesses, with malaria and typhoid fever frequently co-occurring, creating significant diagnostic challenges for clinicians (21). 
Seven public health facilities were randomly selected to ensure adequate geographical representation and capture patients from diverse communities within the municipality. These facilities included: Ga West Municipal Hospital (a secondary referral facility), Mayera Faase Health Centre, Akramaman Health Centre, Joma Health Centre, Oduman Polyclinic, Obeyeyie Health Centre, and Kotoku Health Centre. The selection of these facilities was based on their patient volume, availability of laboratory services, geographical distribution across the municipality, and their role as primary points of care for febrile patients in their respective catchment areas.
2.3 Study Population
2.3.1 Target Population
The target population comprised all patients presenting clinical signs or symptoms suggestive of typhoid fever at the selected health facilities in Ga West Municipality.
2.3.2 Inclusion Criteria
Participants were eligible for inclusion if they met the following criteria:
· Age 10 years or older
· Clinical presentation consistent with typhoid fever, including at least two of the following: headache, abdominal pain, diarrhoea, constipation, nausea, vomiting, malaise, or loss of appetite
· Willingness to provide written informed consent (or assent with parental/guardian consent for participants aged 10–17 years)
· Ability to provide both blood and stool samples
2.3.3 Exclusion Criteria
Potential participants were excluded if they:
· Had received antibiotic therapy within 14 days prior to enrolment
· Were severely ill and unable to provide informed consent or samples
· Had received typhoid vaccination within the past 3 years
· Were pregnant (due to potential confounding of immunological responses)
· Had immunosuppressive conditions or were on immunosuppressive therapy
2.4 Sample Size Determination
The sample size was calculated using the formula for diagnostic accuracy studies proposed by (23), which accounts for the expected sensitivity and specificity of the diagnostic tests, the desired precision, and the anticipated prevalence of the disease:

Where:
· n = required sample size
· Z = Z-statistic for the desired confidence level (1.96 for 95% confidence)
· P = known  prevalence of typhoid fever (6.4%) form article published by (21)
· d = desired precision (absolute error of 5%)
Using these parameters, the calculated sample size was 284 participants (thus including the 10% non-response rate). This sample size exceeds the minimum requirement and provides adequate statistical power to detect clinically meaningful differences in diagnostic performance between the tests evaluated.
2.5 Sampling Technique
A multi-stage sampling approach was employed to ensure representative recruitment of participants across the study area.
Stage One: Facility Selection
 The forty-seven (47) facilities in the municipality were divided into seven strata.
Stage Two: Proportional Allocation
A random sampling method was employed to select seven health facilities to represent the municipality from the seven strata.
Stage Three: Consecutive Sampling
At each facility, consecutive sampling was employed to recruit eligible participants until the allocated sample size for that facility was achieved. We chose consecutive sampling over random sampling because it is more practical in clinical settings, minimises selection bias by including all eligible patients presenting during the study period, and is recommended for diagnostic accuracy studies.
2.6 Data Collection Procedures
3.6.1 Participant Recruitment and Clinical Assessment
Trained research assistants, in collaboration with facility-based clinicians, identified potentially eligible patients during routine outpatient consultations. Patients meeting the inclusion criteria were approached, informed about the study objectives and procedures, and invited to participate. Those who agreed and provided written informed consent (or assent with guardian consent) were enrolled in the study.
A structured questionnaire was administered to collect demographic information (age, sex, educational level, occupation, residential area), clinical history (duration of fever, presenting symptoms, recent medication use).
2.6.2 Specimen Collection and Handling
Trained laboratory personnel collected all biological specimens under strict aseptic conditions, following standard operating procedures.
Blood Sample Collection:
Approximately 10 mL of venous blood was collected from each participant via venipuncture of the antecubital fossa. The blood was distributed as follows:
· 5 mL into a sterile blood culture bottle containing appropriate growth medium for blood culture (reference standard)
· 2 mL into an EDTA anticoagulant tube for Blood PCR
· 2 mL into a plain tube for serum separation for Widal Test and RDT
· 1 mL into a separate EDTA tube as a backup sample
Stool Sample Collection:
Participants received sterile, wide-mouthed stool collection containers and were instructed on proper collection techniques to avoid environmental contamination. Stool samples were collected on the same day as blood samples where possible, or within 24 hours of blood collection. Approximately 5-10 grams of fresh stool was collected and immediately transported to the laboratory in a cool box maintained at 2-8°C.
2.6.3 Specimen Transportation and Storage
All specimens were transported to the Ga West Municipal Hospital Laboratory within 2 hours of collection. Blood culture bottles were incubated immediately upon arrival. Serum samples were separated by centrifugation at 3,000 rpm for 10 minutes and stored at -20°C until analysis. EDTA blood samples for PCR were stored at -20°C, and stool samples were stored at -80°C until molecular analysis. Sample integrity was maintained throughout the chain of custody, and all specimens were labelled with unique study identification numbers to ensure participant confidentiality and prevent sample mix-up.
2.7 Laboratory Procedures
2.7.1 Blood Culture (Reference Standard)
Blood culture was performed using the automated BACTEC 9050 system according to the manufacturer's instructions. Briefly, 5 mL of blood was inoculated into BACTEC Plus Aerobic/F culture vials and incubated at 35°C for up to 7 days. Vials flagged as positive by the automated system were subcultured onto MacConkey agar, blood agar, and Salmonella-Shigella agar and incubated aerobically at 37°C for 24 hours. Bacterial isolates were identified using standard biochemical tests, including triple sugar iron agar, citrate utilization, urease production, and agglutination with specific Salmonella Typhi antisera. Blood culture was considered positive if Salmonella Typhi was isolated. Negative cultures were observed for the full 7-day incubation period before being reported as negative.
2.7.2 Widal Test
The Widal agglutination test was performed using commercially available antigen suspensions according to the manufacturer's instructions. Serial two-fold dilutions of serum (from 1:20 to 1:640) were prepared in physiological saline. Equal volumes of diluted serum and stained antigen suspensions (O antigen and H antigen) were mixed on separate slides and incubated at room temperature for 5 minutes for the slide agglutination test. For the tube agglutination test, serum dilutions were mixed with antigen suspensions in tubes and incubated at 37°C for 24 hours for O agglutinins and 2 hours at 50°C for H agglutinins. The endpoint titre was recorded as the highest dilution showing visible agglutination. A titre of ≥1:160 for O antigen and/or ≥1:160 for H antigen was considered positive, consistent with locally established cutoff values and WHO recommendations for endemic settings.
2.7.3 Rapid Diagnostic Test (RDT)
The Typhidot IgM rapid diagnostic test was used according to the manufacturer's instructions. This immunochromatographic test detects IgM antibodies specific to Salmonella Typhi outer membrane protein. Briefly, 10 μL of serum was applied to the sample well of the test cassette, followed by 2 drops of buffer solution. Results were read after 15 minutes at room temperature. The appearance of both the control and test lines indicated a positive result, while only the control line indicated a negative result. Invalid results (no control line) were repeated with a fresh cassette.
2.7.4 Blood Polymerase Chain Reaction (Blood PCR)
DNA extraction from whole blood samples was performed using the QIAamp DNA Blood Mini Kit according to the manufacturer's instructions. Briefly, 200 μL of whole blood was lysed, and DNA was bound to a silica membrane, washed, and eluted in 100 μL of elution buffer. The extracted DNA was stored at -20°C until amplification.
A conventional PCR assay targeting the fliC gene (encoding the flagellar antigen H1) of Salmonella Typhi was employed. The primer sequences were: forward primer 5'-TAT GCC GCT ACA TAT GAT GAG-3' and reverse primer 5'-TGG TAC TGG TTG ATA TTG CTG-3', yielding a 343-bp amplicon. Each 25 μL reaction mixture contained 2.5 μL 10× PCR buffer, 2.0 mM MgCl₂, 200 μM each dNTP, 0.5 μM each primer, 1.25 U Taq DNA polymerase, and 5 μL template DNA. Amplification was performed with the following cycling conditions: initial denaturation at 94°C for 5 minutes; 35 cycles of denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 45 seconds; and a final extension at 72°C for 7 minutes.
PCR products were analysed by electrophoresis on 2% agarose gels stained with ethidium bromide and visualised under UV light. A 100-bp DNA ladder was used as a molecular weight marker. Samples showing a band at 343 bp were considered positive. Each PCR run included positive and negative controls to monitor contamination and amplification efficiency.
2.7.5 Stool Polymerase Chain Reaction (Stool PCR)
DNA extraction from stool samples was performed using the QIAamp DNA Stool Mini Kit according to the manufacturer's instructions with minor modifications. Approximately 200 mg of stool was processed to remove PCR inhibitors, and bacterial DNA was extracted and eluted in 100 μL of elution buffer. The extracted DNA was stored at -20°C until analysis.
The same fliC gene-targeted PCR assay described for Blood PCR was used for Stool PCR, with identical primer sequences, reaction components, and cycling conditions. Positive and negative controls were included in each run.
2.8 Quality Control and Assurance
The study implemented strict quality control measures throughout to ensure the validity and reliability of laboratory results.
Pre-analytical Quality Control:
· Standard operating procedures were developed and followed for all specimen collection, handling, transportation, and storage procedures
· Laboratory personnel received comprehensive training on all protocols before study commencement
· Reagents and kits were checked for expiration dates and stored according to manufacturer recommendations
· Chain of custody documentation was maintained for all specimens
Analytical Quality Control:
· All tests were performed by experienced laboratory scientists blinded to participants' clinical information and results of other tests
· Positive and negative controls were included in each batch of tests
· For PCR assays, separate rooms were used for DNA extraction, reagent preparation, and amplification to prevent contamination
· A subset of samples (10%) was randomly selected and re-tested to assess reproducibility
Post-analytical Quality Control:
· Results were independently verified by a second laboratory scientist
· Data entry was double-checked for accuracy
· Discrepant results were resolved through repeat testing and review of laboratory records
2.9 Data Management and Statistical Analysis
2.9.1 Data Entry and Management
All data were collected using structured paper-based forms and subsequently entered into Excel. Data entry was performed by trained data entry clerks, and 10% of records were randomly selected for verification by the principal investigator. Discrepancies were resolved by referring to the original source documents. The final dataset was exported to STATA version 17 for statistical analysis.
2.9.2 Statistical Analysis
Descriptive Statistics:
Participant characteristics were summarised using frequencies and percentages for categorical variables and means with standard deviations or medians with interquartile ranges for continuous variables, depending on data distribution.
Diagnostic Performance Analysis:
The diagnostic performance of each index test (Widal Test, RDT, Blood PCR, and Stool PCR) was evaluated against the reference standard (blood culture). A 2×2 contingency table was constructed for each test, and the following performance metrics were calculated with 95% confidence intervals (CIs):
· Sensitivity: Proportion of truly diseased individuals correctly identified by the test (TP / [TP + FN])
· Specificity: Proportion of truly non-diseased individuals correctly identified by the test (TN / [TN + FP])
· Positive Predictive Value (PPV): Probability that a positive test result indicates true disease (TP / [TP + FP])
· Negative Predictive Value (NPV): Probability that a negative test result indicates absence of disease (TN / [TN + FN])
· Diagnostic Accuracy: Proportion of correctly classified individuals ([TP + TN] / N)
· Positive Likelihood Ratio (LR+): Sensitivity / (1 - Specificity)
· Negative Likelihood Ratio (LR-): (1 - Sensitivity) / Specificity
· Youden Index: Sensitivity + Specificity - 1
Agreement Analysis:
The level of agreement between diagnostic methods was assessed using Cohen's kappa statistic (κ). Kappa values were interpreted according to Landis and Koch (1977) criteria: <0.00 = poor, 0.00–0.20 = slight, 0.21–0.40 = fair, 0.41–0.60 = moderate, 0.61–0.80 = substantial, and 0.81–1.00 = almost perfect agreement.
Comparative Analysis:
McNemar's test was used to compare paired proportions of positive and negative results between diagnostic methods, testing for marginal homogeneity. This test is appropriate for comparing paired binary data from the same participants.
Hypothesis Testing:
The four null hypotheses were tested using appropriate statistical procedures:
· H₀₁: Differences in diagnostic performance indices were assessed using the comparative diagnostic performance analysis and McNemar's test
· H₀₂–H₀₄: Agreement between diagnostic methods was assessed using Cohen's kappa statistic
A two-tailed P-value < 0.05 was considered statistically significant for all tests.
2.10 Ethical Considerations
2.10.1 Ethical Approval
Ethical approval for this study was obtained from the Ghana Health Service Ethics Review Committee (GHS-ERC:002/08/25) and the University of Harcourt School of Public Health Ethics Review Committee (UPH/CEREMAD/REC/MM115/061). Additional administrative approval was obtained from the Ga West Municipal Health Directorate and the management of each participating health facility.
2.10.2 Informed Consent
Written informed consent was obtained from all participants aged 18 years and older. For participants aged 10–17 years, assent was obtained from the minor, and written informed consent was obtained from a parent or legal guardian. The consent process included a detailed explanation of the study objectives, procedures, potential risks and benefits, voluntary participation, and the right to withdraw at any time without affecting access to routine healthcare services. We provided consent forms in English and verbally translated them into local languages (Twi, Ga, and Ewe) for participants with limited literacy.
2.10.3 Confidentiality
All participant information was treated with strict confidentiality. Participants were assigned unique study identification numbers, and personal identifiers were removed from the analytical dataset. The research team stored data securely in password-protected electronic files and locked cabinets accessible only to the team. Laboratory results were shared with participants' attending clinicians to inform clinical management, and participants with positive test results received appropriate treatment according to national guidelines.
2.10.4 Benefits and Risks
Participants did not receive direct monetary compensation for participation. However, they benefited from free diagnostic testing for typhoid fever and other febrile illnesses, and those with confirmed diagnoses were referred for appropriate treatment. The risks associated with participation were minimal and included minor discomfort during blood collection (pain, bruising, or rarely, infection at the venipuncture site) and potential psychological distress from learning test results. These risks were minimised through proper venipuncture technique, sterile equipment, and counselling and support services where needed.
2.10.5 Data Sharing and Dissemination
The findings of this study were disseminated through peer-reviewed publications, presentations at scientific conferences, and participating health facilities.


3.0 RESULTS 
We recruited 284 febrile patients who met the inclusion criteria from selected health facilities in Ga West Municipality. All participants were tested using the Widal Test, Rapid Diagnostic Test (RDT), Blood Polymerase Chain Reaction (Blood PCR), Stool Polymerase Chain Reaction (Stool PCR), and Blood Culture, which was used as the reference standard to assess test performance. Results are reported in the order of the study objectives.
Table 1. Overall Prevalence of Typhoid Fever by Diagnostic Method (N = 284)
	Diagnostic Method
	Positive, n
	Prevalence (%)
	95% CI

	Blood Culture (Reference Standard)
	8
	2.8
	1.2–5.4

	RDT IgM
	139
	48.9
	43.1–54.8

	RDT IgG
	118
	41.5
	35.8–47.4

	Widal Test
	187
	65.8
	60.1–71.2

	Blood PCR
	139
	48.9
	43.1–54.8

	Stool PCR
	53
	18.7
	14.3–23.7


Source: Field Data, 2025-2026.

Table 1 shows the prevalence of typhoid fever using the six diagnostic approaches in this study. Only 8 (2.8%) cases were confirmed by blood culture, the reference standard, and laboratory-confirmed typhoid fever (LFTF) was relatively uncommon among the febrile patients investigated. The Widal test, however, had the highest positive rate (65.8%), while Blood PCR and RDT IgM each detected 48.9% of participants as positive. Stool PCR showed a significantly lower prevalence (18.7%) than the serological methods but a significantly higher prevalence than blood culture. The differences in prevalence estimates indicate substantial differences in diagnostic classification across the methods evaluated and show that some tests yield many more positive results than the culture reference.

Table 2 Comparative Diagnostic Performance of Widal Test, Rapid Diagnostic Test, Blood PCR and Stool PCR Using Blood Culture as the Reference Standard
	Diagnostic Test
	Sensitivity (%)
	Specificity (%)
	PPV (%)
	NPV (%)
	Accuracy (%)
	LR+
	LR−
	Youden Index

	Stool PCR
	100.0
	83.7
	15.1
	100.0
	84.2
	6.13
	0.000
	0.837

	Blood PCR
	100.0
	52.5
	5.8
	100.0
	53.9
	2.11
	0.000
	0.525

	RDT IgM
	100.0
	52.5
	5.8
	100.0
	53.9
	2.11
	0.000
	0.525

	Widal Test
	100.0
	35.1
	4.3
	100.0
	37.0
	1.54
	0.000
	0.351


Source: Field Data,2025-2026.

The comparative diagnostic evaluation of the four diagnostic methods showed substantial differences, although all had 100% sensitivity compared with blood culture. Stool PCR had the greatest discriminatory ability, with the highest specificity (83.7%), overall accuracy (84.2%), positive likelihood ratio (6.13), and Youden Index (0.837). The study population showed little difference between blood PCR and RDT IgM in diagnostic indices; both methods had 52.5% specificity and 53.9% diagnostic accuracy. The Widal Test was consistently the least effective diagnostically, with the lowest specificity (35.1%) and diagnostic accuracy (37.0%), suggesting a significant misclassification of non-infected participants as infected. These findings showed that Stool PCR was the most accurate diagnostic tool of all the tests analysed, and the Widal Test had the lowest overall diagnostic power.
Table 3 Agreement Between Widal Test, Rapid Diagnostic Test, Blood PCR and Stool PCR Using Cohen's Kappa Statistic
	Comparison of Diagnostic Tests
	Cohen's Kappa (κ)
	Strength of Agreement
	P value

	RDT IgM vs Blood PCR
	1.000
	Perfect
	<0.001

	Widal Test vs Blood PCR
	0.664
	Substantial
	<0.001

	RDT IgM vs Widal Test
	0.664
	Substantial
	<0.001

	RDT IgG vs Blood PCR
	0.674
	Substantial
	<0.001

	Stool PCR vs Blood PCR
	0.386
	Fair
	<0.001

	Stool PCR vs Widal Test
	0.213
	Fair
	<0.001


Source: Field Data, 2025-2026.

The four diagnostic methods differed substantially in comparative diagnostic evaluation, although all had 100% sensitivity compared with blood culture. Stool PCR had the greatest discriminatory ability, with the highest specificity (83.7%), overall accuracy (84.2%), positive likelihood ratio (6.13), and Youden Index (0.837). The study population showed little difference between blood PCR and RDT IgM in diagnostic indices; both methods had 52.5% specificity and 53.9% diagnostic accuracy. The Widal Test was consistently the least effective diagnostically, with the lowest specificity (35.1%) and diagnostic accuracy (37.0%), suggesting a significant misclassification of non-infected participants as infected. These findings showed that Stool PCR was the most accurate diagnostic tool of all the tests analysed, and the Widal Test had the lowest overall diagnostic power.

Table 4 McNemar Pairwise Comparison of Diagnostic Methods
	Diagnostic Comparison
	McNemar χ²
	P value
	Interpretation

	Blood PCR vs RDT IgM
	0.000
	1.000
	No significant difference

	Blood PCR vs Stool PCR
	Significant
	<0.001
	Significant difference

	Blood PCR vs Widal Test
	Significant
	<0.001
	Significant difference

	Stool PCR vs Widal Test
	Significant
	<0.001
	Significant difference

	Stool PCR vs RDT IgM
	Significant
	<0.001
	Significant difference


Source: Field Data,2025-2026.
McNemar pairwise comparisons identified important differences among the evaluated methods in their diagnostic classifications. No statistically significant difference was found between Blood PCR and RDT IgM (P= 1.000), indicating that both methods produced highly similar diagnostic results in the study population. However, Blood PCR differed significantly from Stool PCR and the Widal Test (P< 0.001), and Stool PCR also differed significantly from both the Widal Test and RDT IgM. These statistically significant differences mean the diagnostic methods cannot be interpreted as interchangeable. Overall, the results showed that Blood PCR and RDT IgM had the highest agreement in diagnostic classification, while Widal Test and Stool PCR differed more from the other tests. Overall, the comparative assessment revealed significant differences among the four methods. Stool PCR had the highest diagnostic accuracy and specificity, while blood PCR and RDT IgM had similar diagnostic features. Widal Test had very high sensitivity, but its lower specificity and overall accuracy suggest that it was more likely to produce false-positive results. Moreover, agreement and pairwise comparison analyses showed that the diagnostic methods varied in accuracy for diagnosing febrile patients, indicating the need to develop more reliable laboratory methods for typhoid fever in the study area.

3.1 Test of Research Hypotheses
The four research hypotheses were tested using the inferential statistical procedures specified in the methodology. Hypothesis one was evaluated by comparing the overall diagnostic performance indices of the four diagnostic methods, while Hypotheses two to four were tested using Cohen's kappa statistic to determine the level of agreement between the respective diagnostic methods. Statistical significance was set at the 5% level (P< 0.05).
Table 5 Test of Research Hypotheses
	Hypothesis
	Statistical Test
	Test Statistic
	P value
	Decision
	Conclusion

	H₀₁: There is no statistically significant difference in the diagnostic performance of Widal Test, Rapid Diagnostic Test, Blood PCR, and Stool PCR.
	Comparative diagnostic performance (Sensitivity, Specificity, Accuracy and McNemar comparison)
	Diagnostic indices differed across tests
	<0.001
	Reject H₀
	The diagnostic performance of the four diagnostic methods differed significantly.

	H₀₂: There is no statistically significant agreement between Widal Test and Blood PCR.
	Cohen's Kappa
	κ = 0.664
	<0.001
	Reject H₀
	A statistically significant substantial agreement existed between the Widal Test and Blood PCR.

	H₀₃: There is no statistically significant agreement between Rapid Diagnostic Test (RDT IgM) and Blood PCR.
	Cohen's Kappa
	κ = 1.000
	<0.001
	Reject H₀
	A statistically significant perfect agreement existed between RDT IgM and Blood PCR.

	H₀₄: There is no statistically significant agreement between Stool PCR and Blood PCR.
	Cohen's Kappa
	κ = 0.386
	<0.001
	Reject H₀
	A statistically significant fair agreement existed between Stool PCR and Blood PCR.


Source: Field Survey Data, 2025-2026.

Table 5 presents the inferential statistical results for the four hypotheses used in this study. The results showed statistically significant differences in the diagnostic accuracy of the Widal Test, RDT, Blood PCR, and Stool PCR; thus, null hypothesis 1 was rejected. This finding supports the previously mentioned variability in sensitivity, specificity, diagnostic accuracy and likelihood ratios. Additionally, the agreement analysis showed that the Widal Test had substantial agreement with Blood PCR (κ = 0.664, P < 0.001), and the Rapid Diagnostic Test (RDT IgM) had perfect agreement with Blood PCR (κ = 1.000, P < 0.001). Stool PCR and Blood PCR had only fair agreement (κ = 0.386, P< 0.001), but this was still statistically significant. Hence, all four null hypotheses were rejected, showing that the diagnostic methods tested differ significantly, with varying magnitudes of diagnostic agreement among febrile patients in the Ga West Municipality.


3.2 Discussion
This study provides critical empirical evidence on the comparative diagnostic performance of four typhoid fever diagnostic methods: Widal Test, Rapid Diagnostic Test (RDT), Blood Polymerase Chain Reaction (Blood PCR), and Stool Polymerase Chain Reaction (Stool PCR) among febrile patients in Ga West Municipality, Ghana. The findings have significant implications for clinical practice, laboratory diagnostics, antimicrobial stewardship, and public health surveillance in endemic settings. The study found substantial variation in diagnostic performance across the four methods, with Stool PCR showing the highest accuracy, followed by Blood PCR and RDT IgM with comparable performance, and the Widal Test showing the poorest diagnostic characteristics.

3.2.1 Prevalence and Diagnostic Classification Discrepancies

The study found a blood culture-confirmed typhoid fever prevalence of only 2.8% (8 out of 284 participants), which is notably low compared to prevalence estimates obtained through other diagnostic methods. This finding aligns with recent epidemiological evidence suggesting that while typhoid fever remains endemic in Ghana, the actual burden of culture-confirmed cases may be lower than previously assumed in peri-urban and semi-urban settings like Ga West Municipality (4,5). The low culture positivity rate may be attributable to several factors, including prior antibiotic use among participants before seeking healthcare, the intermittent nature of bacteraemia in typhoid fever, and the inherent limitations of blood culture sensitivity, which is estimated to range between 40-80% depending on the volume of blood cultured, timing of specimen collection, and laboratory conditions (9,10).

The substantial variation in prevalence estimates across the four diagnostic methods represents one of the most striking findings. The Widal Test yielded the highest prevalence estimate at 65.8%, while Blood PCR and RDT IgM each detected 48.9% positivity, and Stool PCR identified 18.7% of participants as positive. These wide discrepancies reflect fundamental differences in what each test measures and the inherent limitations of each diagnostic approach. The Widal Test's high positivity rate aligns with extensive literature documenting its propensity for false-positive results in endemic settings. (15–18). The Widal Test detects agglutinating antibodies against Salmonella Typhi O and H antigens, but these antibodies can persist for months or years after infection or vaccination, and cross-react with other infections, including malaria, dengue, and other enteric bacteria. (14,19). In malaria-endemic regions like Ghana, the co-occurrence of malaria and typhoid fever further complicates Widal interpretation, as malaria infection can cause non-specific antibody responses that cross-react with Salmonella antigens. (19,21).

The moderate prevalence detected by Blood PCR and RDT IgM (48.9%) reflects these methods' high sensitivity but also raises questions about their specificity in the study population. PCR targets bacterial DNA and is less susceptible to the cross-reactivity issues affecting serological tests; however, contamination, the presence of non-viable bacteria, or transient bacteraemia can lead to positive results that do not necessarily correlate with active clinical infection (5,9). Similarly, RDTs have shown variable performance across different endemic settings, with false-positive results reported particularly in populations with high background antibody levels or previous exposure. (10,13,20).

The 18.7% Stool PCR prevalence, while higher than blood culture, may more accurately reflect true infection or recent exposure. Stool PCR detects bacterial shedding in the gastrointestinal tract, which can persist for weeks following acute infection and may occur in subclinical infections or chronic carriers.(5,9). However, interpreting positive stool PCR results without corresponding blood culture or clinical correlation is challenging, as they may reflect past infection, carrier status, or environmental contamination rather than active febrile disease.

3.2.2 Diagnostic Performance and Clinical Utility

The comparative diagnostic evaluation revealed substantial differences in performance, although all four methods demonstrated 100% sensitivity relative to blood culture. While this finding may suggest exceptional diagnostic performance, it requires careful interpretation. The perfect sensitivity is likely influenced by the low number of culture-confirmed cases (n=8), which limits the statistical power to detect false-negative results. With only eight culture-positive participants, even a single missed case would reduce sensitivity to 87.5%, making the 100% sensitivity estimate statistically fragile and potentially overestimating the true sensitivity of these tests (10,13).

The most clinically significant differences emerged in specificity, with Stool PCR demonstrating the highest specificity (83.7%), followed by Blood PCR and RDT IgM (52.5%), and the Widal Test showing the lowest specificity (35.1%). Specificity is arguably more important than sensitivity in a low-prevalence setting like typhoid fever in Ga West Municipality because false-positive results lead to unnecessary antibiotic treatment, antimicrobial resistance, and misdiagnosis of other febrile illnesses (6,7,22). The Stool PCR's superior specificity (83.7%) is consistent with the molecular method's ability to detect Salmonella Typhi DNA with high analytical specificity. (9,10). However, 83.7% specificity means about 16% of non-infected individuals would still test positive, reflecting potential DNA shedding from previous infection, environmental contamination during stool collection, or non-viable bacteria in the gut. (5).

The intermediate specificity of Blood PCR and RDT IgM (52.5%) indicates that more than 40% of participants without culture-confirmed typhoid tested positive by these methods. This moderate specificity is consistent with previous evaluations of RDTs in endemic settings and highlights the challenge of achieving high specificity with antibody-based detection in populations with common exposure (10,13,20). For Blood PCR, the moderate specificity may reflect detection of DNA from non-viable bacteria, transient bacteremia, or contamination issues documented in other PCR-based diagnostic studies. (9).

The Widal Test's poor specificity (35.1%) is the most concerning finding and represents the greatest diagnostic liability. With a false-positive rate of nearly 65%, the Widal Test would lead to the overtreatment of more than half of the individuals without typhoid fever if used as the sole diagnostic criterion. This finding is consistent with a growing body of evidence documenting the Widal Test's limitations in endemic settings.(15–19). The low specificity is attributable to cross-reacting antibodies from previous infections, exposure to other enteric bacteria, malaria, and the lack of standardised cutoff values that account for local endemicity. (14,21).

The positive predictive values (PPV) across all methods were low, ranging from 4.3% for the Widal Test to 15.1% for Stool PCR. This low PPV directly reflects the low disease prevalence (2.8%) in the study population, illustrating Bayes' theorem in practice: in low-prevalence settings, even tests with relatively good specificity generate many false-positive results (7,13). Clinically, a positive result from any of these methods cannot be confidently interpreted as confirming typhoid fever without clinical correlation and consideration of pre-test probability. The Stool PCR's higher PPV (15.1%) indicates it was the most reliable method for confirming a positive diagnosis, though most (85%) positive results were still false-positive. This finding underscores the importance of using diagnostic tests in appropriate clinical contexts and suggests that in low-prevalence settings, confirmatory testing or treatment decisions based solely on a single positive test are likely to result in substantial overtreatment(6,22).

The negative predictive values (NPVs) were 100% for all methods, reflecting the high sensitivity and low prevalence. This finding has important clinical utility: a negative result from any of the four methods confidently excludes typhoid fever in this population, allowing clinicians to focus on alternative diagnoses. In practice, the Widal test's high NPV, despite its poor overall performance, makes it somewhat useful as a rule-out test, though its low specificity limits its positive predictive utility. (5,10).

3.2.3 Diagnostic Agreement and Interchangeability

The perfect diagnostic agreement between Blood PCR and RDT IgM (κ = 1.000) is a noteworthy finding with practical implications. This perfect agreement suggests that, in this study population, these two tests classified participants identically, with no discrepancies in positive or negative classifications. While this level of agreement might appear surprising given the different analytical principles of PCR (molecular detection) and RDT (immunochromatographic detection), several explanations are plausible. First, both methods may detect the same biological phenomenon: the presence of bacterial DNA (PCR) or specific antibodies (RDT) resulting from active or recent infection. In the acute phase of illness, both markers are likely to be present, leading to concordant results. (10,13). Second, the RDT used in this study may have been optimised for high sensitivity, potentially at the expense of specificity, resulting in performance characteristics that mirror those of the PCR method.

The practical implication of this perfect agreement is that RDT IgM could serve as a reliable alternative to Blood PCR in settings where molecular diagnostics are unavailable. Because RDTs are less expensive, technically simpler, and require less infrastructure than PCR, this finding supports using well-validated RDTs as a practical diagnostic solution in resource-limited settings. (5,10). However, perfect agreement with PCR does not guarantee diagnostic accuracy; both methods may produce similar false-positive rates, as reflected in their identical specificity (52.5%) and accuracy (53.9%).

The substantial agreement between the Widal Test and Blood PCR (κ = 0.664) and between the Widal Test and RDT IgM (κ = 0.664) may appear paradoxical given the Widal Test's substantially lower specificity. However, this agreement primarily reflects the high rate of positive results across these methods, as many participants classified as positive by one method were also positive by the others (17,19). This substantial agreement suggests that these methods are not independent but are influenced by similar host factors, possibly including recent or past exposure to Salmonella Typhi or cross-reacting antigens. However, agreement does not equal accuracy, and the substantial agreement between the Widal Test and PCR/RDT may simply reflect that both methods are prone to false positives in the same individuals.

The fair agreement between Stool PCR and Blood PCR (κ = 0.386) and between Stool PCR and the Widal Test (κ = 0.213) is clinically meaningful and reflects the different biological specimens and diagnostic targets involved. Stool PCR detects bacterial DNA in the gastrointestinal tract, which may represent active infection, past infection, carrier status, or environmental contamination, while Blood PCR and serological methods detect markers of systemic infection. (5,9). The fair agreement suggests these methods are not interchangeable and that stool PCR measures a different aspect of Salmonella Typhi infection than blood-based and serological methods.

3.2.4 Clinical and Public Health Implications

This study's findings have critical implications for antimicrobial stewardship in Ga West Municipality and other endemic settings. The high false-positive rates observed with the Widal Test (64.9%) and Blood PCR/RDT IgM (47.5%) suggest that reliance on these tests without confirmatory culture would lead to substantial overdiagnosis and overtreatment with antibiotics. With rising antimicrobial resistance, including the emergence of extensively drug-resistant (XDR) Salmonella Typhi strains, minimising unnecessary antibiotic use is a public health priority. (5,6,9). Unnecessary antibiotic use for febrile illnesses not caused by Salmonella Typhi has multiple consequences, including adverse drug reactions, disruption of the normal gut microbiome, increased antimicrobial resistance, higher healthcare costs, and diverted attention from the actual cause of illness. (6,7,22).

The superior specificity and diagnostic accuracy of stool PCR suggest that adopting molecular methods in routine clinical practice could significantly reduce inappropriate antibiotic prescribing. However, the cost and infrastructure requirements of PCR present barriers to widespread implementation in resource-limited settings (15). The strong agreement between RDT IgM and Blood PCR observed in this study offers a potential compromise: well-validated RDTs could serve as a practical alternative to PCR when molecular infrastructure is unavailable, provided clinicians understand their limitations and use them in the appropriate clinical context.

The findings also have implications for typhoid fever surveillance in Ghana. The low blood culture positivity rate (2.8%) compared with PCR-based prevalence estimates (18.7–48.9%) suggests that routine blood-culture-based surveillance may substantially underestimate the true burden of typhoid fever in the community (5,9). Stool PCR, with its higher diagnostic yield, could enhance surveillance by detecting cases missed by blood culture, including those who have received antibiotics and those with subclinical shedding (4). Integrating molecular methods into routine surveillance would improve the accuracy of disease burden estimates, inform vaccination strategies, and enable early detection of outbreaks (5,10).


3.3 Conclusion

This study provides robust evidence that Stool PCR is the most reliable diagnostic method for typhoid fever among febrile patients in Ga West Municipality, Ghana. The findings strongly support adopting molecular diagnostics in routine clinical practice and phasing out the Widal Test for definitive diagnosis. The perfect agreement between RDT IgM and Blood PCR suggests that well-validated rapid diagnostic tests can serve as practical alternatives in resource-limited settings. This study's implications extend beyond the immediate diagnostic comparison to antimicrobial stewardship, public health surveillance, and health system strengthening in Ghana and similar endemic settings. Improving diagnostic accuracy will reduce the burden of typhoid fever, optimise patient outcomes, and help control antimicrobial resistance in Ghana and beyond.
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