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Abstract — In this review, we present an overview of the main articles published in the field of Helicobacter
pylori diagnosis in the past year. Key themes emerging in this area include rapid point-of-care testing and the use
of artificial intelligence to enhance the efficacy of existing invasive diagnostic platforms. Studies in the field of
endoscopy focussed on improving detection methods to diagnose H. pylori and associated diseases, targeted bi-
opsy sampling, gastric juice analysis by Endofaster and the adoption of artificial intelligence in medical imaging.
There have been some studies evaluating staining protocols for histopathology and exciting developments in the
field of digital pathology for H. pylori detection and characterisation of inflammatory pathologies. Many articles
have addressed the need for rapid, accurate, non-invasive point-of-care tests to analyse saliva or stool for the de-
tection of H. pylori and/or its antimicrobial resistance. Finally, developments and considerations for the molecular
detection of H. pylori and antimicrobial resistance using gastric samples are also discussed.
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INVASIVE DIAGNOSIS
Endoscopy

Endoscopic diagnosis of Helicobacter pylori and related diseases has seen ongoing en-
hancements through improved imaging and detection techniques. In the past year, Kitagawa
et al' employed texture and colour enhancement imaging (TXI) to improve the accuracy of
endoscopic diagnosis of active H. pylori gastritis based on the Kyoto Classification of Gas-
tritis2. The study revealed that TX| was more efficient for visualizing gastric mucosal atrophy
and accurately detecting diffuse redness, which are key indicators of active H. pylori infec-
tion. Moreover, the study showed better inter-observer agreement among reviewers using
TXI than using white light imaging, emphasizing the reliability of TXI for diagnosing H. pylori
infection’.

Yada et al® evaluated the relationship between the scratch sign (a red linear, scrape-like
appearance with white deposits that may be present on the gastric mucosa at the lower
greater curvature of the gastric body) and H. pylori, reporting the scratch sign as a useful en-
doscopic predictor of an H. pylori-negative gastric mucosa. However, the small sample size
and a limited number of endoscopists examining the patients highlighted the need for more
extensive, prospective clinical studies to further establish the utility of the scratch sign3.

I-scan optical enhancement (OE) has been suggested to distinguish areas of the infected mu-
cosa for targeted biopsy sampling. Dawod et al* conducted a prospective study to evaluate the
effect of this I-scan OE technology on the diagnostic yield of the Campylobacter-like organism
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(CLO) test. They found that targeted sampling for the CLO-test, with the aid of the I-scan OE,
significantly shortened the reading time of positive results with high test sensitivity*, thus facilitating
early diagnosis and timely management of H. pylori infection.

Since H. pylori resides in the mucus layer, Soh et al® compared the diagnostic accuracy of the
rapid urease test (RUT) and bacterial load of H. pylori between gastric mucosal swabs and biop-
sies. Overall, the swabs showed higher RUT accuracy and bacterial load than tissue biopsy, with
sensitivity and specificity values of 98% and 100%, respectively, for the swab RUTS.

Endofaster (Niso Biomed Srl, Torino, Italy) is a device that detects the presence of H. pylori by
determining the ammonium concentration of gastric juice in real-time during endoscopy®. A num-
ber of studies evaluating Endofaster have been published in the past year. Firstly, the diagnostic
accuracy of Endofaster versus histology was prospectively evaluated by Zullo et al” across 12
endoscopic units in Italy, with sensitivity and specificity values of 86.3% and 83.3%, respectively
(Table 1). The same group also reported that Endofaster improves H. pylori detection in cases of
chronic active gastritis, without clear presence of H. pylori at standard histological examination.®
Thirdly, this team reported that Endofaster may be useful in ruling out atrophic gastritis®. In all 3
studies, concurrent proton pump inhibitor use and previous H. pylori eradication did not affect the
test accuracy™®. Finally, Vasapolli et al'® reported high diagnostic performance of Endofaster in the
real-life clinical setting (N=198), with sensitivity, specificity, positive predictive and negative predic-
tive values of 91.5%, 93%, 84.3% and 96.4%, respectively.

HISTOPATHOLOGY

In an effort to improve the diagnostic performance of histological diagnosis, Chu et al'' evaluated
a modified silver staining protocol for the detection of H. pylori. Gastric antrum and gastric angle
mucosal biopsies from 60 patients were analysed using an H. pyloriimmunohistological assay, a
methylene blue histochemical assay and modified silver nitrate staining compared to the “C-urea
breath test (UBT). The highest accuracy was achieved using the modified silver staining protocol™'.

Khan et al'? evaluated Hematoxylin and Eosin (H&E), Giemsa and modified toluidine blue (MTB)
in comparison to immunohistochemistry for H. pylori detection using gastric biopsy specimens from
50 patients (Table 1). The lowest sensitivity was observed for H&E (46.8%),'? suggesting that the
use of either Giemsa or MTB are more reliable alternatives to H&E, in particular in cases where
more expensive immunohistochemistry is not available.

NON-INVASIVE DIAGNOSIS
Serology

While unsuitable for post-eradication testing, H. pylori detection by serology is a quick and inexpen-
sive method for diagnosing H. pylori when adequate diagnostic facilities are not available and for
H. pylori screening in populations at high risk of gastric cancer. Due to variations in the accuracy
of serological tests, they should be validated in the target population before use. H. pylori serolo-
gy-related publications in the past year have focussed on increasing speed and ease of use, with
a view to providing an option for point-of-care diagnosis. Firstly, a rapid thin-layer immunoassay to
detect H. pyloriin serum of gastritis and ulcer patients compared to ELISA demonstrated very rapid
time to obtain results (within minutes) and was inexpensive'®. However, the sensitivity of the assay
(Table 1) needs further optimisation. Indeed, a rapid point-of-care test (POCT) for H. pylori serology
has been lacking to date in terms of accuracy. However, Schulz et al'* described a new H. pylori
lateral flow POCT that detects the flagellar filament capping protein (FliD) and the cytotoxin-associ-
ated gene A (CagA). The assay demonstrated excellent sensitivity and very good specificity (Table
1) using either whole blood or serum samples when compared to histology and culture'. Further
evaluation in different populations is warranted.

Functional serology to investigate gastrin-17 and pepsinogen levels can provide valuable clinical
information on gastric atrophy and may identify those at higher risk of gastric cancer'. Jeong et al'®
characterised pepsinogen assay findings indicative of ongoing H. pylori infection (as determined
by the '*C-UBT) and reported that serum pepsinogen Il levels >12.95 ng/mL and pepsinogen-I/
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)
TABLE 1. SENSITIVITY AND SPECIFICITY OF TESTS DESCRIBED IN THIS REVIEW.

Test Sample Diagnosis N Sensitivity Specificity Reference method
Endofaster” Gastric juice H. pylori 1138 86.3% 83.3% Histology
H&E staining' Biopsies H. pylori 20 46.8% 88.8% IHC
Giemsa staining' Biopsies H. pylori 20 90.6% 88.8% IHC
MTB staining Biopsies H. pylori 20 93.7% 83.3% IHC
Thin layer immunoassay® Serum H. pylori 214 67-72% 100% ELISA
Dual FIiD and CagA POCT™ Whole blood and serum H. pylori 111 98.1-100% 89.1%-94.3% Histology and culture
HpSA-LFIC™® Stool H. pylori 200 93.8% 59.8% ELISA
SD Bioline H. pylori SAT*! Stool H. pylori 150 85.1% 97.6% PCR
Solid scintillation 14C-UBT?2 Breath H. pylori 239 95.4% 97.5% RUT and histology
RIDA®GENE H. pylori®? Biopsy H. pylori 120 100% 99.1% In-house PCR
ClarR 97.1% 100%
Tagman-MGB probe multiplex Biopsy H. pylori 697 100% 97.9% Sequencing
real-time PCR?®® ClarR 100% 95.6%
LevoR 100% 100%
Duplex RAA-LFD?®® Clinical H. pyloriisolates cag-A-positive H. pylori 56 96% 100% Duplex PCR
Smart Gene™ assay®® Gastric juice H. pylori Various 92.8% 94.4% UBT
ClarR 77 100% 95.9% Culture
98.4% 88.9% SAT
95% 98.6% PCR
91.7% 100% Culture
Nested PCR* Oral mucosa H. pylori M4 92.3% 98% RUT
PyloriDx Stool H. pylori 254 98.5% 98.9% SAT

H&E: hematoxylin and eosin; IHC: immunohistochemistry; MTB: modified toluidine blue; ELISA: enzyme-linked immunosorbent assay; FliD: flagellar filament capping
protein; CagA: cytotoxin-associated gene A; POCT: point-of-care test; HpSA-LFIC: H. pylori polyclonal stool antigen lateral flow immunochromatography assay; SAT: stool
antigen test; PCR: polymerase chain reaction; UBT:urea breath test; RUT: rapid urease test; ClarR: clarithromycin resistance; LevoR: levofloxacin resistance; RAA-LFD:
recombinase-aided amplification combined with lateral flow dipstick.
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Il ratios of <4.35 suggest ongoing infection in asymptomatic individuals. Zhou et al'” investigated
the impact of H. pylori infection (as determined by “C-UBT) on serum levels of both pepsinogens
and gastrin-17. A total of 354,972 participants attending health checks were recruited. Mean levels
of pepsinogens and gastrin-17 were higher, while the mean ratio of pepsinogen-I/Il was lower in
H. pylori-infected versus uninfected individuals™. Moreover, among H. pylori-positive individuals,
pepsinogen and gastrin-17 levels correlated positively with the UBT value, while the ratio of pep-
sinogen-l/Il correlated negatively with the UBT value, suggesting that H. pylori-positive patients
with a higher UBT value are unlikely to have gastric atrophy but may have a greater risk of severe
gastritis or peptic ulcers'.

THE STOOL ANTIGEN TEST AND UREA BREATH TEST

With regards to the stool antigen test (SAT), Resina et al'® carried out a prospective multicentre
study in Spain (9 centres, N=307) to evaluate the diagnostic performance of the automated LlI-
AISONR Meridian H. pylori monoclonal antibody SAT compared to the *C-UBT. They reported
sensitivity and specificity values of 67% and 97%, respectively'®. Stool DNA was analysed for
H. pyloriin the discordant samples and the SAT accuracy reanalysed, resulting in sensitivity and
specificity of 94% and 97%, respectively, suggesting the LIAISON Meridian assay to be a good
option for SAT.

Abdelmalek et al'® investigated a H. pylori polyclonal stool antigen lateral flow immunochroma-
tography assay (HpSA-LFIC) compared to a monoclonal antibody-based ELISA kit from 200 study
participants, demonstrating that the HpSA-LFIC had high sensitivity (93.8%; Table 1) and negative
predictive value (98%), but low specificity, positive predictive value and accuracy (59.8%, 31.3%
and 65.3%, respectively). The assay is currently not accurate enough to recommend its use for
the sole diagnosis of H. pylori infection. Using stool samples from 141 students, Kakiuchi et al®®
reported that the bioluminescent enzyme immunoassay (B[EIA]; Eiken) is superior to other SATs
currently on the market in Japan. Additionally, a Ugandan study?' involving 150 dyspeptic patients,
demonstrated good diagnostic accuracy for the SD Bioline™ H. pylori antigen testing kit (Standard
Diagnostic Inc.) compared to PCR (Table 1).

In terms of non-invasive diagnosis by means of the UBT, an open-label prospective multi-centre
study conducted by Han et al?? reported high diagnostic value for a novel solid scintillation “C-UBT
in diagnosing H. pylori compared to the RUT and histology in 239 participants in China (Table 1).

ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING
Artificial Intelligence & Endoscopy

One of the significant advances in the detection of H. pylori has been the evaluation of artificial
intelligence (Al) and machine learning techniques in medical imaging. In the past year, many
studies in this research area have originated in Asia. Zhang et al?® developed an explainable
Al system for the diagnosis of H. pylori infection (hamed as EADHI) that auto-identifies H. py-
lori infection through the recognition of multiple mucosal features by endoscopy. Interestingly,
EADHI demonstrated superior diagnostic ability compared to endoscopists, showing promise
for assisting in clinical screening for H. pylori infection. The diagnostic logic of EADHI closely
mirrored that of endoscopists, potentially enhancing its trust and acceptability among clini-
cians. However, limitations such as retrospective data collection from a single centre and lack
of prospective validation were identified, necessitating further research to validate and globally
apply this Al-based diagnostic system?3.

Li et al** introduced and evaluated another deep learning-based system named Intelligent De-
tection Endoscopic Assistant-Helicobacter pylori (IDEA-HP) to detect H. pylori infection using en-
doscopic videos in real-time. Trained on an extensive dataset of endoscopic images and videos,
IDEA-HP matched the overall accuracy of expert assessments, considerably outperforming be-
ginners in diagnostic accuracy and sensitivity. IDEA-HP demonstrated promising potential for as-
sisting endoscopists in assessing H. pylori infection status in real-time during the performance of
clinical examination?*.



REVIEW - DIAGNOSIS OF HELICOBACTER PYLORIINFECTION

Lastly, Seo et al?® developed and validated a convolutional neural network (CNN) model for
diagnosing H. pyloriinfections using endoscopic images. Despite various ethnicities in the internal
and external validation datasets, the CNN model demonstrated a high degree of sensitivity, speci-
ficity and accuracy in predicting H. pylori infection status?.

ARTIFICIAL INTELLIGENCE & HISTOPATHOLOGY

Advancements in Al and digital pathology may transform the process of diagnosing H. pylori
and related inflammatory pathologies. One of these significant transformations comes in the
form of high-resolution digitalization, which is crucial for the accurate detection of H. pyloriin
virtual slides. Uguen et al?® demonstrated that high-resolution digitalization (40X magnifica-
tion) had very good concordance in diagnosing H. pylori compared to traditional glass slides.
In another study, the use of Al with digital pathology demonstrated a high level of accuracy
for H. pylori diagnosis at a lower magnification (20X magnification) when the Warthin-Starry
silver stain was used?®. Al's capacity to recognize subtle morphological changes has led to
the development of a method for identifying the coccoid form of H. pylori, a significant cause
of refractory H. pylori infection. Manual recognition of coccoid H. pylori on histopathology
slides is time-consuming, labour-intensive, and often over-looked?®. Zhong et al®® evaluated
the YOLO v5 CNN model for the detection of coccoid H. pylori and their method achieved a
mean absolute error equivalent to that of a senior pathologist. These findings highlight Al’s
potential to match the diagnostic accuracy of experienced professionals and pave the way
for more efficient treatment options.

Coupled with the right data and training images, deep learning algorithms can provide
a powerful tool to distinguish between H. pylori-associated inflammatory pathologies. The
DeepHP database, a publicly curated dataset containing over 394,000 histopathological im-
ages, was presented as a valuable resource for the community?®. This database enables
researchers and pathologists to train convolutional neural networks (CNNs), enhancing the
accuracy of diagnosing H. pylori-related conditions. Experiments conducted using DeepHP
and three different CNN models have demonstrated impressive results, showcasing the po-
tential of Al in computational pathology®®. Indeed, another recent study demonstrated that a
deep learning CNN could accurately distinguish between H. pylori gastritis and autoimmune
gastritis, achieving results comparable to expert gastrointestinal pathologists®. Similarly, a
method proposed by Yacob et al®! used an improved deep CNN with pooling and a canoni-
cal correlation analysis feature fusion method to accurately detect H. pylori-related atrophic
gastritis. This hybrid model achieved an accuracy of 98.2%3".

MOLECULAR DETECTION OF H. PYLORI AND ANTIMICROBIAL RESISTANCE
Invasive Molecular Tests

Time and ease-of-use are critical in the clinical laboratory, so complex molecular testing must be
optimised efficiently. A French team used the BD MAX™ system (Becton Dickinson) to automate
biopsy DNA extraction and PCR amplification using the commercially available RIDA®GENE H.
pylori kit (R-Biopharm, Darmstadt, Germany)®. After initially optimising the method using 31 biop-
sies, the method was further tested prospectively on 210 biopsies and compared to in-house PCR.
The platform demonstrated excellent sensitivity and specificity, both for the detection of H. pylori
and clarithromycin-resistance mediating mutations®? (Table 1).

Haumaier et al*® developed a method of detecting quinolone resistance mutations in the gyrA
gene, with a view to providing a more rapid option to guide second-line treatment if first-line treat-
ment fails. Using FRET-based quantitative PCR (qPCR) with a Cy5-labelled probe means this can
be done on most qPCR machines. A total of 8 patient biopsy samples were tested using this meth-
od, then confirmed by sequencing showing its efficacy®:.

Luan et al®* investigated accelerated cycling PCR (AC-PCR) as a method to more accurately
and swiftly detect single-nucleotide DNA mutations associated with clarithromycin resistance. AC-
PCR relies on a specific primer design, fast DNA polymerase, and faster cycling times to yield
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results within 30 minutes. When tested on biopsy samples from H. pylori-infected patients (N=50)
and compared to sequencing data, an agreement of 98% (49/50) for the detection of clarithromycin
resistance was reported3+.

Zhao et al®*® established a Tagman-MGB probe multiplex real-time PCR system for the detection
of H. pylori and both its clarithromycin and levofloxacin resistance, demonstrating excellent sensi-
tivity and specificity (Table 1) in the analysis of biopsy tissue DNA compared to sequencing, while
Zhu et al®® demonstrated very good accuracy (Table 1) with their duplex recombinase-aided ampli-
fication combined with lateral flow dipstick (Duplex RAA-LFD) for the detection of cagA-positive H.
pylori DNA from clinical isolates compared to PCR.

Wang et al®” developed a rapid visual assay based on loop-mediated isothermal amplifica-
tion (LAMP) for the detection of H. pylori and its virulence factor genes cagA and vacA. The
assay was fast (30 minutes), low-cost, and enabled sensitive DNA amplification (10 ng/ul)
from biopsy samples without the need for expensive equipment or highly trained staff. A novel
Smart Gene™ (Mizuho Medy Co., Ltd) H. pylori molecular POCT was evaluated in its ability
to detect H. pylori and clarithromycin resistance from patient intragastric fluid. For intragastric
fluid analysis, results were compared to the UBT, SAT, PCR and culture, with culture showing
the highest accuracy for H. pylori diagnosis® (Table 1). The assay also showed high accuracy
for the detection of clarithromycin resistance compared to culture-based antimicrobial suscep-
tibility testing (AST)38 (Table 1).

Two studies in the last year have highlighted the importance of primer choice and design in
PCR-based molecular H. pylori diagnostics. Firstly, variation in the detection of H. pylori using
different primers has been demonstrated by Elnosh et al®® PCR targeting the 16S rBRNA gene
exhibited the best results for molecular detection of H. pyloriin DNA isolated from biopsy sam-
ples (N=290) compared to other genes (ureA and gimM). Further, laboratory evaluation of in
silico-designed primers was recommended by Abdelmalek et al*

With regards to DNA sequencing, a Chinese study from Beijing*' used Sanger sequencing
to characterise resistance mechanisms in strains that were initially characterised by culture
and AST (Etest): 180 clinical strains were investigated for 5 genetic antimicrobial resistance de-
terminants (mutations in the 23S rRNA, pbp1, rdxA, gyrA and gyrB genes). The results showed
congruency between molecular and culture-based methods*'.

NON-INVASIVE MOLECULAR TESTS

Research from Jara et al*? investigated the feasibility of a non-invasive PCR-based test for oral
sample analysis. In their study, oral mucosa swabs and saliva were collected from patients
prior to endoscopy, DNA was isolated, and a nested-PCR was carried out. There was congru-
ency between RUT and oral mucosa results, but not for saliva PCR and the RUT or for oral
mucosa and saliva PCR*2. The sensitivity and specificity values obtained for oral mucosa PCR
compared to the RUT for H. pylori diagnosis are shown in Table 1.

Mei et al*® evaluated a POCT approach for the detection of H. pylori in saliva. They used a
paper-based nucleic acid enrichment method based on lateral flow, which was portable and
required nothing but a small battery-powered reading device, making it ideal for field testing.
Based on recombinase polymerase amplification to detect the H. pylori ureB gene, this test
could generate results in 30 minutes from contrived H. pylori-positive saliva samples with a
sensitivity similar to that of PCR*3. Developed alongside this test was a smartphone application
that could mitigate a user’s visual bias or inability. This application could use the camera’s im-
age to compare pixel intensity between sample and control to give accurate unbiased results*.
This novel machine and test show good promise but need further diagnostic accuracy evalua-
tion using saliva samples from patients with confirmed H. pylori status.

A small study from Japan investigated the relatedness and phylogeny of 21 individual pa-
tients with gastric cancer and positive SATs. Saliva, dental biofilm, and gastric biopsies under-
went multi-locus sequence typing using 8 housekeeping genes*t. Of these, only one patient
had matching oral-gastric H. pylori genotypes, six strains showed phylogenetic relatedness
but were not from the same origin“4. No culture-based analysis took place to investigate phe-
notypic relatedness. The possibility of different strain colonisation in the oral versus gastric
environment is worth considering for saliva-based tests, especially if saliva DNA is subjected
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to molecular AST. Further research into the relationship between oral and gastric colonisation
is needed to fully establish whether these differences in genotype between oral and gastric
genotypes are common.

For stool sample analysis, the Smart Gene™ POCT assay that was tested using intragastric
fluid samples (as described in Section 4.1 above), has also been evaluated as a non-invasive
POCT for the diagnosis of H. pylori and clarithromycin resistance using stool*®. Stool samples
from 139 patients that tested positive by SAT were included in the analysis.*® The H. pylori de-
tection rate was 95.7% using the Smart Gene™ assay, 92.8% using real-time PCR and 89.2%
by sequencing analysis*®. The concordance between the Smart Gene™ assay and sequencing
for the detection of clarithromycin resistance mutations was 96.7%.

Molecular-based next generation sequencing (NGS) is now available to patients in some
parts of the world, such as the USA and provides AST based on the detection of H. pylori DNA
mutations associated with phenotypic resistance*. Advantages include detecting resistance to
multiple antibiotics simultaneously and quickly. NGS has been reported to produce AST results
comparable to culture-based methods from biopsy tissue.*” In a key first-of-its-kind multi-cen-
tre study, AMR-associated DNA mutations from stool samples were analysed by sequencing
and compared to paired gastric biopsy sample results of the same patients in the USA. Firstly,
the authors demonstrated excellent accuracy of the PyloriDx stool PCR assay (American Mo-
lecular Laboratories, Vernon Hills, IL, USA) compared to the SAT for the detection of H. pylori*®
(Table 1). The results from the stool-sequenced DNA correlated closely to those from the biop-
sy DNA (N=70) and were concordant in 91.4% of cases.

CONCLUSIONS

International consensus guidelines published in the last year highlight the importance of ac-
curate testing in the appropriate management of H. pylori'®*8-5'. There has been continued
research and productivity into improved detection methods for diagnosing infection, character-
ising H. pylori-driven pathologies and detecting antimicrobial resistant strains. Advancements
in detection methods leveraging Al, machine learning, and advanced endoscopic techniques
are contributing significantly to improving the accuracy, speed, and efficiency of H. pylori diag-
nosis. Along with the right data and training images and extensive validation in different popu-
lations, Al is likely to play an increasingly central role in the field of endoscopy. The integration
of digital pathology and Al shows enormous promise for histological diagnosis. With high-res-
olution digitalization, reliable data sets, sophisticated deep learning algorithms, and robust
Al models, the diagnosis and treatment of H. pylori-related conditions could be significantly
enhanced. Furthermore, advances in the development of more accurate POCTs to diagnose
H. pylori and/or its resistance to antimicrobials using serum, stool and gastric sample analysis
show potential for more widespread incorporation of these approaches into clinical use.

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgments

The Health Research Board is acknowledged for funding support.

Informed Consent

Informed consent was not required for this review article.

Authors’ Contributions

TJ Butler, S Molloy and SM Smith wrote the manuscript. D McNamara provided clinical insight. All authors reviewed the
final version of the manuscript.



T.J. Butler, S. Molloy, D. McNamara, S.M. Smith

Funding
Supported by the Health Research Board (HRA-POR-2014-526 and APA-2019-030).

ORCID IDs

TJ Butler: 0000-0003-3180-9868

S Molloy: 0000-0001-5539-4797

D McNamara: 0000-0003-2324-3382
SM Smith: 0000-0003-3460-3590

REFERENCES

1. Kitagawa Y, Koga K, Ishigaki A, Nishii R, Sugita O, Suzuki T. Endoscopic diagnosis of Helicobacter pylori gastritis
using white light imaging and texture and color enhancement imaging. Endosc Int Open 2023; 11: E136-E141.

2. Sugano K, Tack J, Kuipers EJ, Graham DY, EI-Omar EM, Miura S, Haruma K, Asaka M, Uemura N, Malfertheiner P,
faculty members of Kyoto Global Consensus C. Kyoto global consensus report on Helicobacter pylori gastritis. Gut
2015; 64: 1353-1367.

3. Yada T, Itakura Y, Watanabe R, Odaka K, Yagi T, lkegami Y, Sekine K, Uemura N. A novel endoscopic finding of a
scratch sign is useful for evaluating the Helicobacter pylori infection status. DEN Open 2023; 3: e200.

4. Dawod HM. A prospective study for evaluating the effect of gastric targeted biopsy sampling with I-scan optical en-
hancement on the diagnostic yield of CLOtest for Helicobacter pylori infection. Health Sci Rep 2022; 5: e621.

5. Soh H, Kim N, Moon J, Lee HM, Kim B, Cho SJ, Kim SG, Chung H. Gastric mucosal swab as an alternative to biopsy
for Helicobacter pylori detection. Helicobacter 2023; 28: €12980.

6. Spada C, Piccirelli S. Real-Time Diagnosis of Helicobacter pylori During Endoscopy by Gastric Juice Analysis. Meth-
ods Mol Biol 2021; 2283: 21-27.

7. Zullo A, Germana B, Galliani E, lori A, de Pretis G, Manfredi G, Buscarini E, Ciuffi M, Ignomirelli O, Farinati F, Sava-
rino E, Pallini P, Milan L, Conigliaro R, Grande G, Cannizzaro R, Maiero S, Pisani A, Marangi S, Manta R, Morelli O,
Peralta S, Alessia M, Rossano Buonocore M, Monica F. Real-time gastric juice analysis with EndoFaster for H. pylori
diagnosis: a large, multicentre study. Eur J Gastroenterol Hepatol 2022; 34: 1121-1124.

8. Zullo A, Germana B, Galliani E, lori A, De Pretis G, Manfredi G, Buscarini E, Guarnieri G, Cannizzaro R, Buonocore
MR, Monica F. Real-time EndoFaster improves Helicobacter pylori detection in chronic active gastritis. J Clin Pathol
2022; 75: 572-574.

9. Zullo A, Germana B, Galliani E, lori A, de Pretis G, Manfredi G, Buscarini E, Ciuffi M, Ignomirelli O, Farinati F, Sava-
rino E, Pallini P, Milan L, Conigliaro R, Grande G, Cannizzaro R, Maiero S, Pisani A, Marangi S, Manta R, Morelli O,
Peralta S, La Mantia A, Buonocore MR, Khalaf K, Hassan C, Monica F. Real-time determination of gastric juice pH
with EndoFaster(R) for atrophic gastritis assessment. Dig Liver Dis 2022; 54: 1646-1648.

10. Vasapolli R, Ailloud F, Suerbaum S, Neumann J, Koch N, Macke L, Schirra J, Mayerle J, Malfertheiner P, Schulz C.
Intraprocedural gastric juice analysis as compared to rapid urease test for real-time detection of Helicobacter pylori.
World J Gastroenterol 2023; 29: 1638-1647.

11. Chu X, Xu J, Niu L. Comparative Study of Modified Silver Nitrate Staining for the Detection of Helicobacter pylori. Appl
Immunohistochem Mol Morphol 2022; 30: 340-344.

12. Khan H, Rauf F, Muhammad N, Javaid M, Alam S, Nasir S. Comparison of special stains (Giemsa stain and Modified
Toluidine Blue stain) with immunohistochemistry as gold standard for the detection of H. pylori in gastric biopsies.
Arab J Gastroenterol 2022; 23: 75-81.

13. Aziz F, Kazmi SU. Thin Layer Immunoassay: An Economical Approach to Diagnose Helicobacter pylori Infection in
Gastroduodenal Ulcer Disease Patients of Pakistan, a Comparative Analysis. Diagnostics (Basel) 2023; 13.

14. Schulz C, Kalali B, Link A, Gerhard M, Malfertheiner P. New Rapid Helicobacter Pylori Blood Test Based on Dual
Detection of FIiD and CagA Antibodies for On-Site Testing. Clin Gastroenterol Hepatol 2023; 21: 229-231 e221.

15. Malfertheiner P, Megraud F, Rokkas T, Gisbert JP, Liou JM, Schulz C, Gasbarrini A, Hunt RH, Leja M, O’Morain C,
Rugge M, Suerbaum S, Tilg H, Sugano K, EI-Omar EM, European H, Microbiota Study g. Management of Helico-
bacter pylori infection: the Maastricht VI/Florence consensus report. Gut 2022; gutjnl-2022-327745. doi: 10.1136/
gutjnl-2022-327745. Online ahead of print.

16. Jeong JH, Lee SY, Kim JH, Sung IK, Park HS. Useful Serum Pepsinogen Levels for Detecting Ongoing Helicobacter
pylori Infection in Asymptomatic Subjects: A Cross-Sectional Study Based on (13)C-urea Breath Test Findings. Dig
Dis Sci 2022; 67: 5602-5609.

17. Zhou JP, Liu CH, Liu BW, Wang YJ, Benghezal M, Marshall BJ, Tang H, Li H. Association of serum pepsinogens
and gastrin-17 with Helicobacter pylori infection assessed by urea breath test. Front Cell Infect Microbiol 2022; 12:
980399.

18. Resina E, Donday MG, Martinez-Dominguez SJ, Laserna-Mendieta EJ, Lanas A, Lucendo AJ, Sanchez-Luengo M,
Alcaide N, Fernandez-Salazar L, De La Pena-Negro L, Bujanda L, Arbulo MG, Alcedo J, Perez-Aisa A, Rodriguez
R, Hermida S, Brenes Y, Nyssen OP, Gisbert JP. Evaluation of a New Monoclonal Chemiluminescent Immunoassay
Stool Antigen Test for the Diagnosis of Helicobacter pylori Infection: A Spanish Multicentre Study. J Clin Med 2022;
11: 5077.

19. Abdelmalek S, Hamed W, Nagy N, Shokry K, Abdelrahman H. Evaluation of the diagnostic performance and the
utility of Helicobacter pylori stool antigen lateral immunochromatography assay. Heliyon 2022; 8: e09189.



REVIEW - DIAGNOSIS OF HELICOBACTER PYLORIINFECTION

20. Kakiuchi T, Matsuo M, Sakata Y, Fujimoto K. Clinical Evaluation of a Novel Stool Antigen Test Using Biolumi-
nescent Enzyme Immunoassay for Detecting Helicobacter pylori. Can J Gastroenterol Hepatol 2022; 2022:
5571542.

21. Owot JC, Tuhumwire C, Tumuhimbise C, Tusiime F, Emmanuel B, Lumori BAE, Okello S. Diagnostic performance of
fecal Helicobacter pylori antigen test in Uganda. BMC Gastroenterol 2022; 22: 518.

22. Han YH, Zhang W, Wang YT, Xiong ZJ, Du Q, Xie Y, Lu H. Performance evaluation of a novel 14C-urea breath test
(solid scintillation) for the diagnosis of Helicobacter pylori infection. Medicine (Baltimore) 2023; 102: e33107.

23. Zhang M, Pan J, Lin J, Xu M, Zhang L, Shang R, Yao L, Li Y, Zhou W, Deng Y, Dong Z, Zhu Y, Tao X, Wu L, Yu H. An
explainable artificial intelligence system for diagnosing Helicobacter pylori infection under endoscopy: a case-control
study. Therap Adv Gastroenterol 2023; 16: 17562848231155023.

24. Li YD, Wang HG, Chen SS, Yu JP, Ruan RW, Jin CH, Chen M, Jin JY, Wang S. Assessment of Helicobacter pylori
infection by deep learning based on endoscopic videos in real time. Dig Liver Dis 2023; 55: 649-654.

25. Seo JY, Hong H, Ryu WS, Kim D, Chun J, Kwak MS. Development and validation of a convolutional neural network
model for diagnosing Helicobacter pylori infections with endoscopic images: a multicenter study. Gastrointest En-
dosc 2023; 97: 880-888 e882.

26. Uguen A. Detection of Helicobacter pylori in virtual slides requires high resolution digitalisation. J Clin Pathol 2022;
75:137-139.

27. Liscia DS, D’Andrea M, Biletta E, Bellis D, Demo K, Ferrero F, Petti A, Butinar R, D’Andrea E, Davini G. Use of digital
pathology and artificial intelligence for the diagnosis of Helicobacter pylori in gastric biopsies. Pathologica 2022; 114:
295-303.

28. Zhong Z, Wang X, Li J, Zhang B, Yan L, Xu S, Chen G, Gao H. A study on the diagnosis of the Helicobacter pylori
coccoid form with artificial intelligence technology. Front Microbiol 2022; 13: 1008346.

29. Gongalves WGE, Santos MHPD, Brito LM, Palheta HGA, Lobato FMF, Demachki S, Ribeiro-Dos-Santos A, Araljo
GS. DeepHP: A New Gastric Mucosa Histopathology Dataset for Helicobacter pylori Infection Diagnosis. Int J Mol
Sci 2022; 23: 14581.

30. Franklin MM, Schultz FA, Tafoya MA, Kerwin AA, Broehm CJ, Fischer EG, Gullapalli RR, Clark DP, Hanson JA,
Martin DR. A Deep Learning Convolutional Neural Network Can Differentiate Between Helicobacter pylori Gastritis
and Autoimmune Gastritis With Results Comparable to Gastrointestinal Pathologists. Arch Pathol Lab Med 2022;
146: 117-122.

31. Yacob YM, Alquran H, Mustafa WA, Alsalatie M, Sakim HAM, Lola MS. H. pylori Related Atrophic Gastritis Detection
Using Enhanced Convolution Neural Network (CNN) Learner. Diagnostics (Basel) 2023; 13: 336.

32. Bénéjat L, Giese A, Lescaudron Z, Bonnac J, Ducournau A, Bessede E, Lehours P. Automation of RIDA®GENE
Helicobacter pylori PCR on the BD MAX™ System. European Journal of Clinical Microbiology & Infectious Diseases
2022; 41: 875-879.

33. Haumaier F, Schneider-Fuchs A, Backert S, Vieth M, Sterlacci W, Woéhrl BM. Rapid Detection of Quinolone Resis-
tance Mutations in gyrA of Helicobacter pylori by Real-Time PCR. Pathogens: 2022.

34. Luan Z, Zhao Y, Wang Y, Ma C, Shi C. Accelerated cycling PCR: A novel tool for rapid, sensitive and specific detec-
tion of single-nucleotide mutation within 30 min. Journal of Microbiological Methods 2022; 199: 106527.

35. Zhao Y, Li Y, Luan Z, Ma C, Yang L, Zhang W, Shi C. Establishment of a TagMan-MGB probe multiplex real-time
PCR system for one-step levofloxacin and clarithromycin resistant Helicobacter pylori detection. J Microbiol Methods
2022; 192: 106393.

36. Zhu X, Zhao Y, Zhu C, Wang Y, Liu Y, Su J. Rapid detection of cagA-positive Helicobacter pylori based on duplex
recombinase aided amplification combined with lateral flow dipstick assay. Diagn Microbiol Infect Dis 2022; 103:
115661.

37. Wang B, Gan Q, Tong Y, Qiao Y, Han M, Zhang R, Han Q, Li C, Bai S, Xu L, Yin Y, Zhang C, Munkhtsetseg B,
Zhao X, Meng M, Xi R. A visual diagnostic detection of Helicobacter pylori and the gastric carcinoma-related
virulence genes (cagA and vacA) by a fluorescent loop-mediated isothermal amplification (LAMP). Talanta 2023;
256: 124260.

38. Tsuda M, Watanabe Y, Oikawa R, Watanabe R, Higashino M, Kubo K, Yamamoto H, Itoh F, Kato M. Clinical evalua-
tion of a novel molecular diagnosis kit for detecting Helicobacter pylori and clarithromycin-resistant using intragastric
fluid. Helicobacter 2022; 27: €12933.

39. Elnosh M, Altayb H, Hamedelnil Y, Elshareef W, Abugrain A, Osman E, Albasha A, Abdelhamid A, Moglad E, AbdAlla
A, Ismail A. Comparison of invasive histological and molecular methods in the diagnosis of Helicobacter pylori from
gastric biopsies of Sudanese patients: a cross-sectional study. F1000Res 2022; 11: 113.

40. Abdelmalek S, Shokry K, Hamed W, Abdelnaser M, Aboubakr A, Elenin SA, Ali M, Mostafa M, Abou-Okada M. The
validity evaluation of different 16srRNA gene primers for Helicobacter detection urgently requesting to design new
specific primers. Sci Rep 2022; 12: 10737.

41.TianL, Yao Y, YinL, Wang L, An Z, Kang L, Ru C, Li J. Direct Detection of Antibiotic Resistance in Chinese. J Healthc
Eng 2022; 2022: 6436256.

42. Jara MG, Benso B, Lagos MJ, Tapia PC, Paulino MB, Silva Cl. PCR-detection of Helicobacter pylori from oral muco-
sa: A feasible early diagnostic tool. Ann Diagn Pathol 2022; 61: 152022.

43. Mei J, Wang D, Zhang Y, Wu D, Cui J, Gan M, Liu P. Portable Paper-Based Nucleic Acid Enrichment for Field Testing.
Adv Sci (Weinh) 2023; 10: 2205217.

44. Nagata R, Sato H, Takenaka S, Yokoyama J, Terai S, Mimuro H, Noiri Y. Analysis of Genetic Relatedness between
Gastric and Oral Helicobacter pylori in Patients with Early Gastric Cancer Using Multilocus Sequence Typing. Int J
Mol Sci 2023; 24: 2211.

45. Kakiuchi T, Okuda M, Matsuo M, Fujimoto K. Smart Gene™ as an effective non-invasive point-of-care test to detect
Helicobacter pylori clarithromycin-resistant mutation. J Gastroenterol Hepatol 2022; 37: 1719-1725.



T.Jd.

Butler, S. Molloy, D. McNamara, S.M. Smith

46.

47.

48.

49.

50.

51.

10

Moss SF, Dang LP, Chua D, Sobrado J, Zhou Y, Graham DY. Comparable Results of Helicobacter pylori Antibiotic
Resistance Testing of Stools vs Gastric Biopsies Using Next-Generation Sequencing. Gastroenterology 2022;
162: 2095-2097.e2092.

Hulten KG, Genta RM, Kalfus IN, Zhou Y, Zhang H, Graham DY. Comparison of Culture With Antibiogram to
Next-Generation Sequencing Using Bacterial Isolates and Formalin-Fixed, Paraffin-Embedded Gastric Biopsies.
Gastroenterology 2021; 161: 1433-1442 e1432.

Goh KL, Lee YY, Leow AH, Ali RAR, Ho SH, Mahadeva S, Mohd Said RH, Muthukaruppan Chettiar R, Tee HP. A
Malaysian consensus report on the diagnosis and treatment of Helicobacter pylori infection. JGH Open 2023; 7:
261-271.

Garces-Duran R, Kindt S, Kotilea K, Francois S, Rasschaert G, Smet A, Hauser B, Driessen A, Nkuize M, Burette
A, Lamy V, Bontems P, Louis H, Ntounda R, Miendje Deyi VY, Mana F. Belgian consensus for Helicobacter pylori
management 2023. Acta Gastroenterol Belg 2023; 86: 74-91.

Zhou L, Lu H, Song Z, Lyu B, Chen Y, Wang J, Xia J, Zhao Z, on behalf of Helicobacter pylori Study Group of Chi-
nese Society of G. 2022 Chinese national clinical practice guideline on Helicobacter pylori eradication treatment.
Chin Med J (Engl) 2022; 135: 2899-2910.

Romano M, Gravina AG, Eusebi LH, Pellegrino R, Palladino G, Frazzoni L, Dajti E, Gasbarrini A, Di Mario F, Za-
gari RM, Members of S, Members of SNC. Management of Helicobacter pylori infection: Guidelines of the Italian
Society of Gastroenterology (SIGE) and the ltalian Society of Digestive Endoscopy (SIED). Dig Liver Dis 2022;
54: 1153-1161.



