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Abstract

Background: Helicobacter pylori is a Gram-negative, microaerophilic bacterium that has been established as the primary
aetiological agent responsible for chronic gastritis and peptic ulcer disease.

Aim: This study aimed to compare the diagnostic performance of serological testing with faecal antigen testing for the diagnosis of
H. pylori infection in subjects attending Federal Medical Centre, Asaba. Accurate diagnosis of infection is important for effective
management and control.

Methodology: A comparison of the performance of two diagnostic test methods, serology and stool antigen testing, for
Helicobacter pylori infection was conducted among 397 patients using a prospective cross-sectional study design. Blood and fresh
stool samples were collected from eligible patients after consent. Serum samples were tested for H. pylori antibodies using a
serological method, whereas stool samples were tested for H. pylori antigen. The stool antigen method was used as the reference
method for assessing the diagnostic performance of serology. Sensitivity, specificity, positive predictive value, negative predictive
value, and the level of agreement between the two methods were also analysed.

Results: The age distribution of participants was similar across genders, with a mean age of approximately 38 years. Serology and
stool antigen testing showed similar positivity rates of 43.07% and 42.57%, respectively. Using stool antigen testing as the reference
method, the serological test showed a sensitivity of 93.5% and specificity of 94.3%, with a positive predictive value (PPV) of 92.4%
and a negative predictive value (NPV) of 95.1%. However, Cohen’s kappa analysis showed 0.877 (95% CI:0.83-0.92) indicating
almost perfect agreement.

Conclusion: The study demonstrated that the serological method showed high diagnostic performance compared with stool antigen
testing and may be useful as a screening method for H. pylori infection when the serology result is negative. However, stool antigen
testing remains useful for confirming active infection because it detects active infection rather than past exposure.

Keywords: Helicobacter pylori; serology, stool antigen test; faecal antigen; diagnostic performance; sensitivity; specificity;
predictive value; non-invasive diagnosis.

1. Introduction

Helicobacter pylori is a Gram-negative, microaerophilic bacterium that represents one of the most prevalent infectious agents
worldwide (Smith et al., 2022). Since its discovery by Marshall and Warren, H. pylori has been established as the primary
aetiological agent responsible for chronic gastritis, peptic ulcer disease, gastric mucosa-associated lymphoid tissue (MALT)
lymphoma, and gastric adenocarcinoma (Gisbert, 2025; Tiwari et al., 2025). The organism's ability to persist for decades in the
hostile gastric environment, coupled with its potential to trigger malignant transformation, underscores the public health importance
of accurate diagnosis and effective management (Jemilohun et al., 2020). Globally, H. pylori infects approximately 43-48% of the
population, although prevalence varies markedly between regions (Li e al., 2023). In Nigeria, numerous studies over the past
decade have reported prevalence rates ranging from 20% to 80%, with most estimates exceeding 50% across various geopolitical
zones (Smith et al., 2022; Nwankwo et al., 2021). Within Delta State specifically, seroprevalence studies among asymptomatic
subjects have confirmed the endemicity of this infection (Omosor et al., 2017).

The clinical management of H. pylori infection begins with accurate diagnosis (Malhotra et al., 2025). Diagnostic modalities are
broadly categorised into invasive techniques requiring endoscopic biopsy, such as histopathology, rapid urease testing, and culture,
and non-invasive methods, including serology, stool antigen testing, and urea breath testing (Gisbert, 2025; Charach et al., 2024). In
resource-constrained settings such as Nigeria, non-invasive tests are particularly attractive because of their lower cost, wider
availability, and patient acceptability (Malhotra et al., 2025; Mashiko et al., 2024). Recent evidence from Rivers State, Nigeria, has
likewise shown that H. pylori detection outcomes can vary substantially across serology, stool antigen testing, and PCR,
highlighting the importance of evaluating diagnostic methods within the population in which they are used (Meshack ef al., 2024).
In a Nigerian biopsy-based comparison, diagnostic performance also differed across histological staining methods, indicating that
test characteristics depend on the diagnostic approach employed (Umar et al., 2023).

Serological testing, which detects specific IgG antibodies against H. pylori, offers the advantages of simplicity, rapid turnaround
time, and independence from ongoing infection status (Bosch er al., 2020). Recent evidence suggests that modern
immunochromatographic serological tests have improved accuracy, with some studies demonstrating sensitivity as high as 94% for
initial diagnosis (Bosch et al., 2020; Abere et al., 2025). However, serology cannot distinguish between current and past infection,
as antibodies may persist for months after bacterial eradication, potentially leading to false-positive results and unnecessary
treatment (Gisbert, 2025; Charach et al., 2024). Conversely, monoclonal stool antigen testing directly detects H. pylori antigens in
faecal specimens, indicating active infection and making it suitable for both initial diagnosis and post-eradication confirmation
(Gisbert, 2025; Costa et al., 2024). Systematic evaluations have reported stool antigen test sensitivities of 87-97% and specificities
exceeding 94%, although performance characteristics vary between commercial assays and study populations (Costa et al., 2024;
Alfau et al., 2023). Recent syntheses of international evidence continue to favour tests that identify active H. pylori infection,
particularly urea breath and validated stool antigen testing, while the role of serology remains dependent on the clinical context and
the purpose of testing (Sun et al., 2025; Tang et al., 2026). A 2026 systematic review and meta-analysis further reported high
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diagnostic accuracy for serum antibody and stool antigen tests, while noting that performance can vary with population composition
and previous infection status (Ichita et al., 2026).

A recent pan-African survey of H. pylori management practices identified stool antigen testing as the most commonly employed
diagnostic method in Africa (62.3% of respondents), followed by histological examination (Mashiko et al., 2024). In Nigeria
specifically, studies have documented alarmingly high antibiotic resistance rates, including metronidazole resistance approaching
91% and clarithromycin resistance exceeding 40%, which complicate treatment decisions and underscore the importance of accurate
baseline diagnosis (Chukwudike et al., 2021). Despite the availability of several diagnostic options and evidence from other
Nigerian settings, direct patient-level comparisons of serological and stool antigen testing at Federal Medical Centre, Asaba, remain
insufficiently characterised. This study therefore addresses the need for local evidence on the relative diagnostic performance and
agreement of these two non-invasive methods in the same patient population.

1.1 Aim
This study aims to compare the diagnostic performance of serological testing against faecal antigen testing.
1.2 Specific Objectives
. Determine the prevalence of Helicobacter pylori infection among patients attending Federal Medical Centre, Asaba, using
serological and stool antigen testing methods.
*  Determine the sensitivity, specificity, positive predictive value, and negative predictive value of the serological method
for detecting H. pylori, using the stool antigen method as the reference standard.

e  Determine the level of agreement between serological and stool antigen testing methods for the detection of H. pylori
infection.

2. Materials and Methods
2.1 Study Area

The study site was the Molecular Laboratory Unit, Centre for Disease Control and Research, Federal Medical Centre, Asaba, Delta
State, Nigeria.

2.2 Study Design

This was a prospective cross-sectional study comparing two diagnostic testing methods for the detection of H. pylori infection
among patients at Federal Medical Centre, Asaba, Delta State.

2.3 Study Population

The study population comprised all individuals tested for H. pylori infection over a one-year period, from 26 June 2023 to 25 May
2024.

2.4 Sample size

The sample size was calculated using the population proportion formula described by Charan and Biswas (2013).
N=7PQ/d>

Where N = sample size

Z= Confidence interval set at 1.96

P= Expected prevalence using a prevalence rate of 88% in Nigeria (Hooi et al., 2017)
Q= 1-Prevalence i.e. (1 —0.88)

d= Desired level of significance usually set at 0.05

therefore,

N=1.96?X 0.88 X 0.12/0.05>

N=3.842 X 0.88 X 0.12/0.0025

N=0.4057/0.0025

N=162

To account for possible non-compliance and minimise the effect of non-response, an additional 10% of the sample size was added.
ie., 162 x 10/100=16.2

The final N was therefore 162 + 16.2 = 178.2, rounded up to 179.

N=179
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3. Methodology

A total of three hundred and ninety-seven (397) patients aged 4-83 years who were evaluated for Helicobacter pylori infection
participated in this prospective cross-sectional study. Both male and female subjects were tested using serological and stool antigen
methods. Eligible patients who presented for routine serological testing and consented to participate were provided with sterile stool
containers for fresh stool sample collection. Stool samples were collected from the patients using clean, sterile, wide-mouthed
containers and analysed using the Swe-Care H. pylori stool antigen rapid diagnostic test kit. In brief, a small portion of the stool
sample was collected using the applicator provided in the kit and transferred into a sample extraction buffer (Smith ez al., 2022).
The mixture was shaken vigorously to ensure proper homogenisation. Two to three drops of the extracted specimen were dispensed
into the sample well of the test cassette. The test was allowed to run at room temperature for approximately 15 minutes (Luz ef al.,
2025). The appearance of two coloured lines (control and test lines) indicated a positive result for H. pylori antigen, whereas the
appearance of only the control line indicated a negative result. The presence of the control line validated the test procedure (Kubo et
al., 2024). For serological analysis, blood samples were collected from the same patients using a standard venipuncture technique
into plain vacutainer tubes and allowed to clot. The samples were centrifuged at 3000g for 5 mins to obtain serum, which was used
for the detection of H. pylori antibodies using the Swe-Care rapid diagnostic test kit. In brief, two (2) drops of serum were added to
the sample well of the test device, followed by the addition of buffer solution as specified by the manufacturer (Imperial et al.,
2024). The test device was left undisturbed at room temperature for 15 minutes. The appearance of both control and test lines
indicated a positive result (presence of H. pylori antibodies), whereas only the control line indicated a negative result. The absence
of the control line rendered the test invalid (Khorsheed, 2024).

3.1 Informed Consent

Eligible patients were informed about the purpose, procedures, benefits, and voluntary nature of the study. Written informed consent
was obtained from all participants before stool sample collection. Participants were assured that refusal to participate would not
affect their routine clinical care. All information obtained during the study was treated confidentially by anonymizing all data and
ensuring that no personal identifiers were included in the analysis.

3.2 Inclusion Criteria

»  Patients attending Federal Medical Centre, Asaba, whose diagnosis involved routine serological testing for Helicobacter
pylori.

Patients who voluntarily agreed to be part of this study.

Patients who provided a fresh stool sample for the study.

Patients for whom both serology and stool antigen test results were available.

YV VY

3.3 Exclusion Criteria
»  Patients who were on treatment for H. pylori.
3.4 Statistical Analysis

R software was used for data analysis. Agreement between the two diagnostic methods was evaluated using Cohen’s kappa
coefficient with 95% confidence intervals.

Ethical Consideration: Ethical approval for the study was obtained from the Ethics and research committee of the Federal Medical
Centre, Asaba. The reference number on the approval letter is FMC/ASB/A81 VOL. X1I1/283.

4. Results

In Table 1a, serology identifies 43.07% as positive and 56.93% as negative, whereas in Table 1b, stool identifies 42.57% as positive
and 57.43% as negative. This indicates that the two methods show similar positivity rates, demonstrating that a comparable
proportion of the patients have H. pylori infection. This is further illustrated in Figure 1, which visually reinforces the similarity
between the two testing methods. However, the clinical interpretation of the two test results should be undertaken with caution
because of the biological markers being detected. Serology detects antibodies against H. pylori, which cannot distinguish between
current and past exposure, whereas stool testing detects antigen indicative of active infection.

Table 1a. Serology Test Results

Result Percentage Proportion
Positive 43.07% 0.4307
Negative 56.93% 0.5693

Table 1b. Stool Antigen Test Result

Result Percentage Proportion
Positive 42.57% 0.4257
Negative 57.43% 0.5743
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Fig. 1. Comparison of positivity rates between serology and stool antigen tests
Tables 1a and 1b show the positivity rates obtained from serology and stool antigen testing.
As shown in Table 2, there is a significantly high burden of infection in the population studied, at approximately 43%.

Table 2. Showing the Prevalence of H. Pylori Infection

RESULTS

PREVALENCE OF H. PYLORI INFECTION

Stool antigen test was used as the reference standard for determining the
prevalence of H. pylori infection.

Prevalence based on stool antigen (reference standard)

Stool antigen result Number Percentage (%)
Positive 169 (TP + FN) 42.57
Negative 228 (TN + FP) 57.43

Total 397 100.00
Prevalehce = Number positive (stool antigen) % 100
Total tested
= 199 100
= 42.57%

Therefore, the prevalence of H. pylori infection in the study population based on
stool antigen test (reference standard) was 42.57% (169/397).

In Table 3, 158 patients who are positive by stool antigen testing were correctly identified by serology as positive (TP), while 11
patients are positive by stool and negative by serology (FN). Of the patients who are negative by stool, 215 were correctly identified
by serology as negative (TN), while 13 patients are positive by serology despite being positive by stool (FP). This demonstrates that
serology correctly identifies the majority of patients, with false-positive and false-negative results.

Table 3. Cross tabulation of serology when compared with stool antigen testing.

Serology StoolAg

Positive Negative Total
Positive 158 (TP) 13 (FP) 171
Negative 11(FN) 215 (TN) 226
Grand Total 169 228 397

TP (True Positive), TN (True Negatives),
FP (False Positives), FN (False Negatives)
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Fig. 2 shows the diagnostic performance of serology using stool as a reference test. The sensitivity was 93.5%, showing that among
those patients who are positive by the stool testing method, serology correctly identified 93.5% as positive. The specificity was
94.3%, showing that among patients who are negative by the stool testing method, serology was able to identify 94.3%.

4.1 Diagnostic Performance

As shown in Figure 3, the positive predictive value (PPV) was 92.4%, indicating that 92.4% of the patients were truly positive,
while 7.6% were false positives. The negative predictive value (NPV) was 95.1%, indicating that 95.1% of the patients were truly
negative, while 4.9% were false negatives. This shows good diagnostic accuracy.

Values (%)

95
94.5
9
935
93
925
92
91.5
91
90.5

90
Sensitivity Specificity

Fig. 2. Diagnostic performance showing sensitivity and specificity

4.2 Predictive Values

As shown in Table 4, diagnostic performance alone cannot demonstrate the clinical usefulness of the test methods, so Cohen’s kappa
was performed to show whether the two methods classify the patients similarly. Cohen’s kappa showed k = 0.877 indicating almost
perfect agreement. This indicates that the agreement between the serology and stool antigen methods is strong beyond what is
expected by chance. This shows that the two methods did classify patients similarly where serology is negative but cannot be used
interchangeably because of the different biological markers detected. Serology cannot distinquish between antibody detection and
evidence of active infection.

96

Values (%)
95
94
93
92

91

90
PPV NPV

Fig. 3. PPV (92.4%) NPV (95.1%)
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Kappa Estimate 95% Confidence Interval
Strength of Agreement
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0.9
0.88
0.86
0.84
0.82

0.8
0.78
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Fig. 4. Showing Kappa Estimate 95% Confidence interval Strength of Agreement
5. Discussion

The study evaluated the diagnostic performance of serology and stool antigen tests in detecting infection within the study
population. The overall positivity rate for serology was 43.07%, while stool antigen testing showed a positivity rate of 42.57%,
indicating a relatively high prevalence of infection in the population studied. Although the rates are similar, the difference in
detection mechanisms should be considered. The marginally higher positivity rate with serology than with stool antigen testing
reflects its detection of circulating antibodies produced by the host in response to infection, which can persist after infection
clearance and may lead to higher detection of active infection. However, stool antigen testing identifies active infection by detecting
the presence of pathogen-specific antigens in faecal samples, making it more specific for ongoing infection and less likely to remain
positive after successful clearance of the organism. In that case, the slightly lower positivity rate observed with stool testing
indicates the ability of the test to distinguish active infection from past exposure, which is clinically relevant for monitoring
treatment outcomes.

The age distribution was similar across both males and females, showing that there was no significant age imbalance between the
two groups. The mean age of this study population was approximately 38 years, indicating that most participants were young to
middle-aged adults who are often economically active. This finding demonstrates that the study population was evenly distributed in
terms of age, which helps to reduce bias related to age differences.

The diagnostic performance revealed a high sensitivity of 93.5% and specificity of 94.3%, demonstrating the ability of the test to
correctly identify both infected and non-infected individuals and showing excellent diagnostic performance. This study can be
compared with previously published data. The sensitivity reported exceeds that reported by Charach et al. (2024) for a monoclonal
stool antigen assay (70%) using a composite reference standard of histology, rapid urease testing, and urea breath testing. The
finding is also comparable with the 91% sensitivity reported by Arikan ef al. (2004) using a stool antigen test in a high-prevalence
Turkish cohort and the 95.2% sensitivity reported by Chen et al. (2025) for serology in Taiwanese adults aged <45 years without
gastric atrophy. The high sensitivity observed in this study is comparable to findings reported by Chey et al. (2017), who observed
that serological assays generally possess good sensitivity but are limited by their inability to distinguish active infection from
previous exposure. Malfertheiner ef al. (2022) and Smith et al. (2024) also emphasised that, while serological testing remains useful
for epidemiological surveys and preliminary screening, it is less reliable than stool antigen testing for confirming active H. pylori
infection.

The specificity of 94.3% demonstrated in this study is higher than the 59.65% specificity reported by Alfau et al. (2023) in a
Dominican Republic population using stool antigen testing, but is closely related to the 94.4% specificity reported by Charach et al.
(2024) using a monoclonal chemiluminescent immunoassay. Similar limitations of serology have been reported, and positive results
need confirmation by stool antigen or urea breath testing to establish active infection (Khan et al., 2024; Ali et al., 2025). The high
diagnostic performance demonstrated in this study is further supported by the findings of Opekun et al. (2020), who reported that
the stool antigen test demonstrated a sensitivity of 95.5% and specificity of 97.6% when evaluated against a composite reference
standard comprising histology, rapid urease testing, and culture. The diagnostic indices reported by Opekun et al. further support the
reliability of stool antigen testing as a non-invasive method for detecting active H. pylori infection.

Furthermore, the high PPV (92.4%) and NPV (95.1%) highlight the clinical usefulness of the test in our setting, showing strong
confidence in both positive and negative results. It is important to note that these predictive values may be influenced by the
relatively high prevalence observed in the study population. These findings are consistent with studies reporting high diagnostic
accuracy for stool antigen testing (Gisbert, 2025; Shimoyama, 2013). The high NPV of 95.1% demonstrated that patients who tested
negative by serology were truly negative according to the stool antigen reference method. Therefore, a negative serology result
supports the use of this test for rule-out purposes in low-risk populations.
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While sensitivity and specificity were high, Cohen’s kappa showed agreement of 0.877(95% CI:0.83-0.92) between the two
methods. According to Cohen’s kappa statistics, kappa values measure agreement beyond chance; therefore, the high kappa
coefficient ssvalue despite high sensitivity and specificity suggest that the two methods are not entirely interchangeable and may
yield discordant results in certain cases. The observed variation in agreement is likely due to the fundamental differences in the
biological markers detected by each test—antibodies versus antigens. This discordant result is expected because serology detects
IgG antibodies, which can persist for months after eradication, while stool antigen testing detects current infection by identifying H.
pylori bacterial antigens found in the faeces (Malfertheiner ef al., 2022). According to Chey et al. (2017), the discordant results (13
false positives and 11 false negatives) demonstrate the biological differences between the two testing methods. False-positive
serological results may occur because antibodies persist after previous infection, while false-negative results may arise during the
early stages of infection before antibody levels become detectable or among immunocompromised individuals with reduced
antibody production. The high prevalence observed in this study may be associated with environmental and socioeconomic factors
such as poor sanitation, inadequate hygiene practices, and exposure to contaminated sources, which are common vehicles of
infection in similar settings (Aziz et al., 2015).

6. Limitations of the Study

»  Stool antigen testing was used as the reference standard instead of invasive methods such as histology, rapid urease
testing, or bacterial culture, which are regarded as definitive diagnostic methods.

»  Although the findings provide valuable evidence from a tertiary healthcare setting in South-South Nigeria, multicentre
studies involving more diverse populations are required to determine whether similar results would be observed in other
regions of Nigeria.

»  Since the study had a cross-sectional design, participants were assessed only once; therefore, treatment response and
long-term changes in infection status could not be evaluated.

» Information on recent antibiotic use, proton pump inhibitor therapy, and previous H. pylori eradication treatment, which
may influence stool antigen test performance, was limited.

»  Serological assays detect antibodies that may persist for months or years after eradication; therefore, some positive
serological results may represent previous rather than active infection.

Added Value to Existing Knowledge: By evaluating diagnostic accuracy alongside Cohen’s kappa agreement, this study provides
comprehensive local evidence on the comparative performance of serological and stool antigen testing for Helicobacter pylori,
thereby strengthening the evidence base for selecting appropriate non-invasive diagnostic methods in clinical practice. The results
also provide evidence that can guide clinicians and policymakers in choosing cost-effective, non-invasive diagnostic strategies for
H. pylori infection in resource-limited healthcare settings. Furthermore, this study adds valuable data from Delta State, Nigeria,
where published comparative diagnostic studies remain relatively limited.

7. Conclusion

Among the 397 patients evaluated, serology and stool antigen testing produced positivity rates of 43.07% and 42.57%, respectively.
Relative to stool antigen testing, serology showed a sensitivity of 93.5%, specificity of 94.3%, positive predictive value of 92.4%,
and negative predictive value of 95.1%. The paired results therefore indicate high agreement, although 24 discordant results were
observed. These findings demonstrate that serological testing may provide useful information in settings where rapid non-invasive
screening is required. However, its inability to distinguish previous exposure from active infection limits its use for confirming
current infection. Stool antigen testing is consequently more appropriate when evidence of active H. pylori infection is required.
Interpretation should consider the study's single-centre design and the use of stool antigen testing as the reference comparator.

Consent

Eligible patients were informed about the purpose, procedures, benefits, and voluntary nature of the study. Written informed consent
was obtained from all participants before stool sample collection. Participants were assured that refusal to participate would not
affect their routine clinical care. All information obtained during the study was treated confidentially by anonymizing all data and
ensuring that no personal identifiers were included in the analysis.
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