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Abstract — This review gives an overview of the main articles published in the field of Helicobacter pylori (H.
pylori) diagnosis in the past year from April 2023-March 2024. The main themes include invasive and nonin-
vasive diagnostic methods of H. pylori, newer methods, such as a panel of ten H. pylori specific antibodies test,
testing for H. pylori using gastric fluid and outer membrane protein-cell receptor reactions diagnostic methods,
and serological and pepsinogen tests. Others are Latex Agglutinin Turbidity assay and PyloPlus Urea Breath Test
validations, as well as artificial intelligence cost-effectiveness. Enhanced endoscopic and histopathological diag-
nosis also featured Computer Assisted Diagnosis systems and H. pylori deep learning models. Molecular diag-
nostic techniques include H. pylori reflexive stool testing, whole genomic sequencing as well as PCR diagnostics
and clarithromycin resistance testing.
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BACKGROUND

Considering H. pylori infections and its associated pathological outcomes, the diagnosis of H.
pyloriis evolving and so accurate, prompt diagnosis is therefore key to its management. These
diagnostic testing can be broadly categorized into invasive and noninvasive methods of diag-
nosis Malfertheiner et al', Costa et al?, and Sousa et al® (Figure 1).

METHODS

Main articles published in the field of Helicobacter pylori diagnosis in the past year, from April
2023 to March 2024, were screened from PubMed and Google Scholar. Search words, such as
‘H. pylori diagnosis from April 2023- March 2024’, ‘Diagnostic methods of H. pylori from April
2023-March 2024’, ‘Diagnosis and H. pylori from April 2023-March 2024’, ‘H. pylori and Diag-
nosis from April 2023-March 2024’ were used.

NON-INVASIVE METHODS

Urea Breath test (UBT) and Stool Antigen test (SAT)

The performance of the PyloPlus UBT for diagnosis of H. pylori infection was evaluated in
comparison with the BreathTek UBT amongst pediatric patients*. The PyloPlus UBT performed
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Figure 1. Invasive and non-invasive tests.

comparably with the BreathTek UBT without the need for calculation correlation factors needed
for pediatric samples. Following reports from the consensus guidelines of Korea and Africa,
respectively, the carbon-13 UBT and monoclonal SAT were highly accurate for the initial di-
agnosis and follow-up of H. pylori infection®®. A systematic review and meta-analysis on the
diagnostic accuracy for H. pylori diagnosis done in the elderly population showed that UBT
and SAT were effective, with serology having lower specificity’. Shakir et al® suggested that
testing for H. pylori was largely centered on SAT, UBT, and immunohistochemical staining from
tissue biopsies, while a comparison of the Campylobacter-like organism (CLO) test, UBT, and
Immunoglobulin G (IgG) blood test adjudged UBT as the sole diagnostic tool®. Biosensors,
microfluidic devices, and the new bacteriophage-based H. pylori were also recently introduced
as diagnostic tools?®.

INVASIVE METHODS OF DIAGNOSIS
Artificial intelligence and Machine Learning

Shen et al'® evaluated the diagnostic accuracy of a computer-aided decision support system
for H. pylori infection (CADSS-HP) based on convolutional neural network under white light
imaging (WLI). CADSS-HP achieved higher sensitivity in H. pylori than in endoscopic diagno-
sis. Tang et al' studied a novel technique for accurately detecting H. pylori infection through
machine learning analysis of surface-enhanced Raman scattering (SERS) spectra of gastric
fluid noninvasively collected from the human stomachs. The Light Gradient Boosting Machine
algorithm exhibited the best prediction capacity and time efficiency. Haider et al'? investigated
the diagnostic potential of Raman spectroscopy in comparison with RUT and histopathology
for H. pylori diagnosis. The applicability of Raman spectroscopy as an innovative tool for the
molecular detection of H. pylori infection was reported. The diagnostic potential of deep con-
volutional neural networks (DCNNs) for detecting H. pylori infection in patients who underwent
EGD and CLO tests was assessed, and a total of 13,071 images of various gastric sub-areas
were categorized with five pre-trained DCNN architectures employed'®. The DCNN model ap-
peared promising.
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Endoscopy

The diagnostic accuracy of narrow-band imaging (NBI) in predicting H. pylori gastritis in dys-
pepsia was assessed'. The presence of abnormal NBI antral mucosal pattern on endoscopy
showed excellent diagnostic accuracy in H. pylori diagnosis. A comparison of endoscopic im-
ages by gastroscopy using WLI and image-enhanced endoscopic (IEE) techniques, such as
magnifying narrow-band imaging (NBI), linked color imaging (LCIl), and magnifying blue laser
imaging (BLI), showed sensitivity was significantly improved with magnifying-BLI than with
WLI'S. A meta-analysis of 34 studies evaluating the diagnostic performance of LCI or WLI in
the endoscopic diagnosis of H. pylori showed higher sensitivity with LCI in the endoscopic
diagnosis of H. pylori infection than standard WLI.

Rapid Urease Tests (RUT)

The accuracy of combined invasive and noninvasive methods to diagnose H. pyloriinfection in
primary care patients was evaluated, with results suggesting RUT and H. pylori-lgG ELISA as
primary diagnostic screening tools'. The combination of gastric nodule and RUT in the diagno-
sis of H. pyloriinfection in 730 children was investigated and found to be effective in predicting
H. pylori infection in children'®.

Histology and Deep Learning

Chen et al'® compared the ability of pathologists to identify H. pylori on Hematoxylin and
Eosin (H&E) slides using a digital platform with the gold standard of H&E glass slides using
routine light microscopy. A significant improvement in the diagnostic accuracy with immu-
nohistochemical slides was observed. Digital whole slide images were found to have some
shortcomings in accuracy and precision. The potential of five pre-trained models for binary
classification of 204 histopathological images for H. pylori-positive and H. pylori-negative
cases was explored, with ResNet101 emerging as the best?. Lin et al?' developed a two-tier
deep-learning-based model for diagnosing H. pylori gastritis, and the whole-slide images
performed excellently. The clinical applications of Endofaster were evaluated using data
from 11 studies, and results suggested that gastric juice analysis may be useful in H. pylori
diagnosis in patients with chronic active gastritis without evidence of bacteria in histology?2.
Further analysis was done to assess the accuracy of Endofaster in detecting H. pylori infec-
tion compared to paired histology. Endofaster showed high accuracy for H. pylori detection,
with moderate agreement with histology?.

Serology and Pepsinogen (PG) Tests

The diagnostic value of serum H. pylori IlgG antibody and SAT in the detection of H. pylori
infections was evaluated, with the variable prevalence of H. pylori infection contrasting
at a 100% prevalence as observed in the serum immunochromatographic antibody test?*.
The applicability of outer membrane protein-cell receptor reactions in establishing a re-
liable diagnosis was assessed by Dyankov et al?®>. Surface plasmon resonance (SPR)
and double resonance long period grating (DR LPG) biosensors were developed based
on the BabA-Le® binding reaction for diagnosing H. pylori infection. SPR showed higher
sensitivity than that of the RUT, while the DR LPG biosensor showed superior accuracy
and sensitivity. Results from a panel of ten H. pylori-specific antibodies in individuals
with different H. pylori infection status showed that antibody reactivity against cytotox-
in-associated gene A (cagA), H. pylori chaperone (GroEL), and hook-associated protein 2
homologue (FIliD) was independently associated with the risk of H. pylori exposure, while
H. pylori adhesin A (HpaA) and y-glutamyl transpeptidase (gGT) were associated with a
current infection?®. Validation of the H. pylori serological and pepsinogen (PG) assays for
detecting infection and gastric neoplasm showed the chorus test was more accurate than
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the GastroPanel test?”. Evaluation of the Latex Agglutination Turbidity (LA) assay used
for diagnosing H. pylori infection and predicting gastric mucosal changes suggested the
use of the assay with the PG I/l ratio to avoid missing gastric cancer patients with low
LA values?s.

MOLECULAR DETECTION AND ANTIBIOTIC SUSCEPTIBILITY
Invasive Molecular Tests

The use of peptide mass fingerprinting as a molecular tool in the diagnosis of H. pylori, in addi-
tion to PCR, real-time PCR, and FISH, was recommended in the study by Elbehiry et al>® while
the diagnostic approach of H. pylori infection in the era of treatment failure was explored?®°.
The latter studies demonstrated how the application of whole genome sequencing (WGS)
allowed the detection of more genes than PCR with considerable sequencing depth. The per-
formance of MmaxSure™ H. pylori & ClaR Assay (MmaxSure™) in the detection of clarithro-
mycin resistance in H. pylori was evaluated with MmaxSure™ showing comparable diagnostic
performance with the dual priming oligonucleotide (DPO-PCR) in the detection of the H. pylori
and A2143G mutation®'. In a related study, Allplex™ H. pylori & ClariR Assay (Allplex™) for
detecting clarithromycin resistance in H. pylori subjects who underwent EGD was evaluated?®2.
Allplex™ and DPO-based multiplex PCR were comparable with direct gene sequencing as the
gold standard. The effectiveness of RT-PCR compared to RUT was evaluated and its value
was assessed for CLR resistance®s. RT-PCR assay was found to be more efficient than RUT
and could effectively verify CLR resistance. PCR detection of H. pylori infection in gastric
biopsies allowed its detection and the mutations associated with macrolide resistance3*. The
performance of RIDA®GENE H. pylori PCR (r-Biopharm) on the ELITe InGenius System (Eli-
tech) was evaluated for H. pylori detection and found to be successful. A rapid visual assay for
detecting H. pylori and its major virulence genes (cagA, vacAs1, and vacAm1) showed more
sensitivity than traditional methods®.

NON-INVASIVE MOLECULAR TESTS

A novel next-generation sequencing (NGS)-based analysis of stool susceptibility testing in com-
parison with gastric biopsy culture showed that stool NGS-based antimicrobial susceptibility
analysis was highly concordant for clarithromycin, levofloxacin, and amoxicillin resistance®. A
high-throughput multiplex genetic detection assay (HMGA) for H. pylori from oral samples was
established, with the HMGA confirmed as a reliable assay®’. A systematic review and meta-anal-
ysis for the diagnosis and eradication therapy of H. pylori based on gene detection of clarithro-
mycin resistance in stool specimens proved genotypic testing of clarithromycin resistance from
stool specimens as an accurate method®. Graham?®, in his review, pointed out that the recent
availability of susceptibility testing for H. pylori infections in the United States resulted in para-
digm shifts in the diagnosis. Reflexive stool susceptibility testing, performed when a stool sample
tests positive, is rendering current diagnostic and treatment guidelines outdated. These reviews
were similar to those reported by Butler et al*® with few differences. Supplemetary Table 1 shows
the sensitivity and specificity of the tests as seen in this review update.

CONCLUSIONS

Diagnosis of H. pylori is evolving, and therefore accurate; prompt diagnosis is key to the man-
agement of H. pylori infections. Diagnostic methods for the detection of H. pylori have remark-
ably improved with accuracy, speed, and efficiency with enhanced UBT, artificial intelligence
and machine learning, histology and deep learning, biosensors, microfluidic devices, enhanced
endoscopy such as NBI, BLI, and LCI. While molecular methods such as NGS based methods
from stool, are likely to be on the increase for the future as these detect both the pathogen and
susceptibility testing, negating the problems associated with laborious culture methods.
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