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Helicobacter pylori (H. pylori) infection is chronic and etiologically linked to gastric cancer (GC) derived from gastric epithelium.
The potential mechanism is complex, covering chronic inflammation, epithelial senescence, NF-κB activation, the cytotoxin-
associated gene A protein translocation, and related abnormal signaling pathways. In clinical practice, the test-and-treat
strategy, endoscopy-based strategy, and (family-based) screen-and-treat strategy are recommended to detect H. pylori and
prevent GC. It has been demonstrated that the decreasing annual incidence of GC is largely attributable to the management
of H. pylori. This study reviews the current clinical practice of H. pylori on the detection and eradication, alternative
treatment strategies, and related problems and advances, and hopes to contribute to the better clinical management of
H. pylori.

1. Introduction

Helicobacter pylori (H. pylori) causes persistent infection in
about 50% of the global population [1]. Gastric cancer
(GC) occurs in 1–3% of H. pylori infected patients,
accounting for 90% of all non-cardia GC (NCGC) and
20% of all cardia (CGC) cases, and H. pylori accounts for
15% of the global cancer burden [2–4]. Its infection may
be associated with a sixfold increase in NCGC risk and a
threefold increase in CGC risk [5]. In addition, all the pre-
cancerous conditions of GC including chronic atrophic
gastritis (CAG), metaplasia, foveolar hyperplasia, and gas-
tric hyperplastic polyps derived from the gastric epithelium
are commonly caused by H. pylori infection [6]. Immuno-
logically, it can evade host immune clearance and persis-
tently colonize the niches, ultimately leading to the
activation of pattern recognition receptors on antigen-
presenting cells, gastric epithelial cells, and neutrophils
[7]. In addition, H. pylori induces the activation of NF-κB
of gastric epithelial cells and leukocytes [7], contributing
to the long-term colonization of H. pylori, chronic inflam-
matory microenvironment, and abnormal apoptosis, which

further leads to accumulating mutations and malignant
transformation of gastric epithelial cells [8, 9]. However,
senescence associated with aging and chronic inflammation
may contribute to the neoplastic transformation [9, 10].
Oncoprotein cytotoxin-associated gene A (CagA) is also a
dominant factor leading to GC and activates oncogenic sig-
naling pathways and inactivates tumor suppressors [11]. H.
pylori detection and eradication strategies are effective for
GC prevention, before considering GC endoscopic or bar-
ium photofluorographic screening, especially in areas with
high GC risks [12, 13]. In addition, H. pylori may exert
systemic pathological effects, although its infection is local-
ized [13]. Strong associations have been established
between H. pylori and some extra-gastric diseases, such as
unexplained iron-deficiency anemia, idiopathic thrombocy-
topenic purpura, and vitamin B12 deficiency. It is also rec-
ommended to detect and eradicate H. pylori in patients
with these diseases [14]. Additionally, H. pylori infection
may be involved in neurological diseases [15], cardiovascu-
lar diseases [16], hepatobiliary diseases [17, 18], and auto-
immune diseases [19]. More research is required to
explore the possible associations and mechanisms, which
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may further contribute to the treatment and prevention of
these diseases by H. pylori eradication.

2. H. Pylori Detection in Clinical Practice
and Advances

The risk factors for H. pylori infection include age, ethnicity,
levels of hygiene, and economic and social conditions [20,
21]. GC and its precancerous lesions are predominantly
caused by H. pylori infection [6]. Timely diagnosis and sub-
sequent eradication of H. pylori are recommended to abolish
inflammation and may contribute to the regression of CAG
and metaplasia, especially in mild or moderate severity [22].
Diagnoses are currently based on endoscopy and laboratory
tests including urea breathing test (UBT; C13 UBT sensitivity
90–100%/specificity 94–100%), stool antigen test (SAT; sen-
sitivity 73.9–95.0%/specificity 86.8–100.0%), serological test
(sensitivity 76–84%/specificity 79–90%), endoscopy and
biopsy-based diagnostic methods (histology (sensitivity 83–
95.5%/specificity 95.4–100.0%), rapid urease test (RUT; sen-
sitivity 85.0–99.0%/specificity 92.4–100%), and culture (sen-
sitivity 67.9–96.0%/specificity 79.4–100.0%) [23, 24].
Method option is based on the prevalence rate of GC and
H. pylori infection, patient wishes, endoscopic findings,
and medical policies. For example, test-and-treat strategy is
recommendable for uninvestigated dyspepsia including
functional dyspepsia with non-invasive tests [25–28]. UBT
remains an important tool in the test-and-treat strategy
and post-eradication retest. SAT is considered as an alterna-
tive in detecting H. pylori and retest after eradication, as well
as for children and patients after gastric surgery [29, 30].
Serological test can also be used for children and patients
with peptic ulcer bleeding, gastric MALT lymphoma, severe
gastric atrophy and intestinal metaplasia (IM), or the use of
proton pump inhibitors (PPI)/antibiotics. The H. pylori
endoscopy-based strategy with biopsies including RUT and
histology is recommended in dyspeptic patients, older
patients, or patients with alarm symptoms, especially in pop-
ulations with low prevalence of H. pylori infection (<10%).
Kyoto classification based on conventional white light imag-
ing (WLI) is reported with more than 80% diagnostic accu-
racy rate [31]. Image-enhanced endoscopy (IEE) can
enhance the visualization of gastric microstructures and also
accurately diagnose H. pylori infection [32]. Furthermore,
artificial intelligence (AI) models based on different endo-
scopic images including WLI and IEE images have been con-
ducted and achieved a pooled diagnostic accuracy of 80%
[33]. Regarding detecting antibiotic resistance, biopsy-
based culture is recommended for antibiotic susceptibility
test. Other advanced molecular methods include quantita-
tive real-time polymerase chain reaction (qPCR) and digital
PCR (dPCR). qPCR testing gastric biopsy samples, gastric
juice, or stool has showed >90% sensitivity in H. pylori tac-
tion and 100% sensitivity when testing antibiotic resistance
in patients with dyspepsia, which have similar or higher
diagnostic ability than that of histological methods
[34–36]. dPCR is found to detect “occult” H. pylori infection
in a considerable proportion of patients with false negative
results of conventional methods [37]. Maastricht VI/Flor-

ence Consensus Report recommends clarithromycin suscep-
tibility testing, if available through molecular techniques or
culture, before prescribing any clarithromycin containing
therapy [14]. PCR or next-generation sequencing has power-
ful diagnostic ability and is recommended to test resistance
[38–40]. The H. pylori screen-and-treat strategy is addressed
in communities with high GC risks, especially in young
adults without precancerous lesion, which is the most cost-
effective [41]. For areas with high infection rate and related
disease burden, this strategy is beneficial and cost-effective.
As H. pylori will pass by oral cavity before entering the stom-
ach and potentially transmit mostly among family members,
especially during childhood and adolescence, family-based
screen and treat strategy is recommended in the family with
GC family history or gastric mucosal precancerous lesions
[24]. H. pylori eradication can reduce GC risk in individuals
who have a GC family history in first-degree relatives [42]
and is cost-effective for GC prevention compared with no
screening strategy [43]. Serological test, SAT, and UBT have
been used in screening [44]. Rapid urine test may have sim-
ilar screening ability with serological test. [45] Additionally,
gastric functional serology (pepsinogens I/II and gastrin)
may provide clinically information on CAG as a comple-
mentary diagnostic tool, although it is not recommended
for H. pylori detection and screening [14]. For the efficiency
and cost effectiveness, biosensors may be an alternative to
directly and real-timely recognize elements of H. pylori
including antigens (CagA, VacA, flagellin, and adhesins)/
antibodies, oligonucleotides (DNA), and enzymes (urease
enzyme) maybe via electrochemical/optical/piezoelectric/
microfluidic based biosensor platforms, although challenges
in the fabrication of biosensors exist, such as transducer
selection, bio-recognition element, and their proper immo-
bilization [46]. Volatile organic compounds from breath
are also demonstrated to determine H. pylori infection from
the view of metabolism [47, 48].

3. H. Pylori Eradication in Clinical Practice

Presently, chronic H. pylori infection can be cleared only by
medical eradication treatment [49]. The annual incidence of
GC and CAG has been decreased [50, 51], mainly due to the
accurate detection and successful eradication of H. pylori
[42, 52, 53]. The most common first-line regimens are the
standard clarithromycin-based triple therapy (STT),
bismuth-based quadruple therapy (BQT), and non-
bismuth-based quadruple therapies (non-BQT; concomitant
[CT], sequential, hybrid, and tailored therapy) [54]. STT is
associated with antibiotic resistance and related to the low
eradication rate [54]. The choice of STT should be guided
by the local clarithromycin resistance rate and the use his-
tory of macrolides [55]. STT should be avoided when its
resistance is >15%, or unknown clarithromycin resistance
or local eradication rate is <80–85% [14, 56]. In addition,
clarithromycin susceptibility can be tested by culture or
PCR, when STT is considered as the first-line therapy, except
in populations or regions with low clarithromycin resistance
(<15%) [38, 57]. In areas with high clarithromycin resistance
(>15%) or unknown clarithromycin resistance, BQT is
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recommended as the first-line therapy. In areas with high
dual clarithromycin and metronidazole resistance, BQT is
first recommended [24, 55, 58]. If BQT is not available,
non-BQT may be considered. Patient nonadherence, dura-
tion of therapies, dosage of PPIs (the level of gastric juice
pH), body mass index, optimal dosage of antibiotics, and
number of drugs are associated with the efficacy of eradica-
tion treatment. For example, overweight and low level of
gastric juice pH are found to reduce the eradication rate
[59, 60]. Prolonged duration may be able to increase the
eradication rate [61]. Related studies have focused on these
issues to find alternative antibiotics regimens with better
medical adherence. The choice of PPIs is essential to achieve
higher intraluminal pH. The novel potassium-competitive
acid blocker vonoprazan (VPZ) is shown to be more effec-
tive than lansoprazole in STT (93% vs 76%), even in patients
with clarithromycin resistance (82% vs 40%) [62]. Another
potential alternative therapy is high-dose amoxicillin–PPI
dual therapy (3–4 times daily for 14 days), showing a higher
or similar eradication rate ranging from 84.7 to 95.3%, com-
pared with other first-line regimens [63–65]. Furthermore,
VPZ-based dual therapy (VPZ 20mg twice daily (bid) and
amoxicillin 500mg 2/3 times daily (bid/tid)) for 1 week
achieve noninferior eradication rate to VPZ-based triple
therapy (VPZ 20mg bid, amoxicillin 750mg bid and clari-
thromycin 200mg bid for 1 week; 84.5% vs 89.2%/92.9% vs
91.9%), as well as similar adverse events (AEs) [66, 67].
The eradication rate in strains resistant to clarithromycin
for VA-dual (VPZ 20mg and amoxicillin 750mg bid) is
higher than that of VAC-triple (VPZ 20mg, amoxicillin
750mg, and clarithromycin 200mg bid; 92.3% vs 76.2%)
[66]. Apart from the alternatives of PPIs, rifabutin contain-
ing therapies have also been studied for the alternative role
in STT or rescue therapy [68, 69]. Additionally, one study
changes the way of antibiotics use from oral administration
to endoscopic administration by washing pipe. Amoxicillin
300mg, metronidazole 200mg, and clarithromycin 100mg
are mixed with sucralfate suspension 60mL (600mg) and
distilled water 120ml and applied to gastric and duodenal
mucosa. One single-dose medicament can immediately
eradicate H. pylori through one endoscopic examination
[70]. These regimens are comparatively convenient to imple-
ment or effective, and more clinical trials are required.

Antibiotic resistance has been increased in most WHO
regions. >15% primary and secondary resistance rates to
clarithromycin, metronidazole, and levofloxacin are
reported in all WHO regions. Antibiotic resistance is a major
driver of eradication failure. For example, resistance to clar-
ithromycin is associated with the failure of clarithromycin-
containing regimens (odds ratio: 6.97) [71]. One research
has evaluated 21,533 patients receiving STT based on Euro-
pean Registry on H. pylori management (Hp-EuReg) and
finds 23% pretreatment resistance rate to clarithromycin,
32% to metronidazole, and 13% to both. The modified
intention-to-treat eradication rate is 81.5%. ≥90% eradica-
tion rate is only achieved by BQT or CT [72]. In Asia–Pacific
region, 17% primary resistance rate for clarithromycin and
44% for metronidazole are reported. In addition, <80% erad-
ication rate with clarithromycin-containing regimens is

reported in countries with >20% clarithromycin resistance
rate [73]. The mechanisms are related to mutational changes
encoded chromosomally and disrupt the cellular activity of
antibiotics through target-mediated mechanisms [74]. Some
factors other than mutations can also affect eradication, such
as drug uptake and/or efflux and biofilm and coccoid forma-
tion. Drug uptake and/or efflux has been reported in amox-
icillin, levofloxacin, nitroimidazoles, and tetracyclines [74].
Biofilm-forming H. pylori is shown tolerant to multiple anti-
biotics including amoxicillin, clarithromycin, and tetracy-
cline [75]. Coccoid forms with high fatty acid and
cholesterol contents are reported with resistance to antibi-
otics [76]. These resistance mechanisms can be correlated
with abnormal consumption of antibiotics, which are also
used to treat other common infections [77]. Higher eradica-
tion failure rate of clarithromycin-containing regimen is
found in patients with a history of previous macrolide
longer-duration use [78] or those with the highest macrolide
prescriptions [79]. One study finds >95% primary resistance
might originate from the transmission of resistant bacteria,
and resistance may decrease if macrolides are out of use
for purposes other than H. pylori eradication [80]. Another
study finds that the previously treated adult group have
higher resistance rates than treatment-naive adult group
for metronidazole (99.2% vs 78.4%), clarithromycin (58.3%
vs 19.0%), and levofloxacin (52.3% vs 23.3%) [81]. With
the development and popularization of PCR, like COVID-
19 virus detection technique, drug susceptibility test may
be routinely performed. Susceptibility guided therapy may
be generally more cost-effective than empirical options,
under the background of antimicrobial stewardship to con-
trol or reduce antibiotic resistance [82].

4. Problems after Eradication Treatment

When receiving eradication treatment, the most common
problems are AEs induced by drugs. One meta-analysis
based on Hp-EuReg has reported that 7% taste disturbance,
7% diarrhea, 6% nausea, and 3% abdominal pain are the
most frequent AEs. The majority of AEs are mild (57%),
6% are severe, and only 0.08% are serious. The average dura-
tion is 7 days. The treatment compliance rate is 97%, and the
discontinuation rate due to AEs is 1.3%. These AEs are usu-
ally mild with limited duration and without apparently
interference on treatment compliance [83]. After receiving
eradication therapy, some issues require more concerns
including recurrence, the risk of non-variceal upper gastro-
intestinal bleeding (NVUGIB), and the risk of GC. Recur-
rence can occur due to recrudescence or reinfection [84].
The global annual recurrence, reinfection, and recrudes-
cence rates are 4.3%, 3.1%, and 2.2%, respectively. Recur-
rence rate varies widely among continents (Europe 16% vs
Africa 1%), countries (Turkey 21.3% vs Netherlands 0.2%),
and economic development levels (developing countries
13% vs developed countries 2.7%) [84–86]. It may be associ-
ated with socioeconomic and sanitary conditions (food and
water source, local prevalence of H. pylori, and living and
eating habits), host factors (genetics and immune function,
selection of therapeutic scheme, and missed medication
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doses), and organism factors (antimicrobial resistance, coc-
coid formation, and oral colonization) [84, 87–89]. There-
fore, besides the best regimen option and health education,
retest is a necessary step especially for patients with afore-
mentioned risk factors. One study reports the retest rate is
less than a quarter [90], maybe because of patients’ medical
compliance, ages, test convenience, or potential risk of indi-
cation diseases for H. pylori or follow-up system. Routine
post-eradication retest and ensuring timely follow-up eradi-
cation are important and should be focused on.

It is recommended that patients with hemorrhagic peptic
ulcer diseases should receive H. pylori eradication if H. pylori
test is positive to promote the ulcer healing and prevent
recurrence [91]. Delays in both treatment and retreatment
may increase mucosa damage risk, such as erosion, peptic
ulcer, and bleeding [92, 93]. However, NVUGIB is also a
potential problem, particularly in elder patients receiving
eradication treatment and other drugs co-prescription, such
as antithrombotics and NSIADS. In addition, there is a pos-
itive correlation in frail elder patients between aging and
polypharmacy/hyperpolypharmacy (≥5/≥10 drugs), which
may contribute to frailty, thus creating a vicious circle [94].
The hospitalization risk for NVUGIB in patients taking aspi-
rin and selective serotonin reuptake inhibitors is higher than
that of non-users after H. pylori eradication [95, 96]. Patients
in whom H. pylori has been eradicated also have a higher
long-term risk of NVUGIB, particularly in elder patients
(>45 years), which increased significantly after the first two
years following eradication [97]. Hidden reasons, such as
clarithromycin use, PPI discontinuation, gastric dysbiosis,
recurrence, and dietary habits, may be involved [98]. Health
education and appropriate gastric mucosa protectant are
necessary [99].

Although H. pylori eradication reduces GC, the risk of
GC after H. pylori eradication still exists. 0.21% of H.
pylori-eradicated patients develops GC during a mean
follow-up of 4.7 years [100]. There are several potential risk
factors with unclear mechanisms. For example, medications
including PPIs, aspirin, cyclooxygenase-2 inhibitors, statins,
and metformin are reported to be involved in GC develop-
ment after eradication treatment [101]. Existing atrophy/
metaplasia at the time of eradication is related to GC carci-
nogenesis. Mild or moderate atrophy can be reversible after
eradicating H. pylori. Atrophy can also progress to GC in
some conditions, such as advanced chronic atrophy gastritis
and accompanied incomplete metaplasia, invisible dysplasia,
genetic alterations of stem cells, or epithelial–mesenchymal
transition [22]. The reversibility of metaplasia is controver-
sial. Spasmolytic polypeptide-expressing metaplasia is usu-
ally reversible, and IM seems to have a “point of no
return” [6]. Additionally, chronic inflammation and other
long-lasting changes in the gastric mucosa caused by H.
pylori infection, such as mitochondrial changes, senescence,
(epi)genetic alterations, and dysbiosis of gastric microbiome,
contribute to GC independent of H. pylori [9]. In clinical
practice, surveillance every 3 years is recommended in
patients with atrophy and/or IM affecting both antral and
corpus mucosa or at OLGA/OLGIM III/IV stage [102,
103]. Health education is equally important, as lifestyle

factors will cause mucosal damage and contribute to GC
carcinogenesis [104]. Some advances may aid our clinical
practice. For example, endoscopic images can be diagnosed
in real time by AI models to achieve “visual pathology”
[105]. Gas biopsy and liquid biopsy to early diagnose GC
from cellular metabolism and DNA level are under investi-
gation, which may contribute to the diagnosis of invisible
dysplasia and invisible residual/recurrent GC. Apart from
early diagnosis, one machine learning model based on
patients’ baseline information predicts the risk of post-
eradication GC [100]. Another machine learning model
combines endoscopic and histologic findings at initial
endoscopy to predict personalized risk of GC [106]. GC pre-
diction is earlier than early diagnosis to predict GC in store.

5. Potential Alternative Treatment Strategies

H. pylori can efficiently evade innate immune detection and
persistently colonize in the inhospitable environment with
an acidic pH < 3 and a rapidly renewing gastric epithelium
[107]. Successful eradication of H. pylori cannot fully ensure
the continued protection [88]. Vaccination against H. pylori
would be effective to achieve prophylaxis or eradication and
reduce the prevalence of gastric diseases [108]. A prophylac-
tic or therapeutic vaccine needs the selection and combina-
tion of immunogenic bacterial antigens with effective
adjuvants and its administration via an available route
[109]. The main antigens related to vaccines are CagA,
VacA, BabA, HpaA, NapA, OipA, GGT, HspA, Omp, and
FliD [110], and their combinations of multivalent epitopes
with adjuvants, usually composed of CD4+ and CD8+ epi-
topes [111] (e.g., CTB-UE, CWAE vaccine [112], CFdAE
vaccine [113], FVPE vaccine [114], HUepi-LTB vaccine
[115], LHUC-LTB [116], and CTB-HUUC vaccine [117]).
Some vaccines have been developed, such as oral delivery
of either whole cell or subunit vaccines in combination with
cholera toxin and Escherichia coli enterotoxin as mucosal
adjuvant to increase the immunogenicity, oral delivery of
live vector vaccines expressing H. pylori antigens to stimu-
late durable immunity (e.g., avirulent strains of Salmonella
and attenuated Listeria monocytogenes), and intramuscular
delivery of H. pylori subunits vaccines with aluminum
hydroxide adjuvant [118–120]. H. pylori vaccines could
reduce bacterial load and sometimes provide sterilizing
immunity, whereas ineffective or only partially effective
results were achieved in larger animals and patients [121].
Most vaccines are at a very early stage (phase I or even pre-
clinical) lack of continuity and with inconsistent results
[110]. However, a randomized phase 3 study with children
indicated oral vaccines with recombinant urease B was effi-
cacious and safe [122]. It is promising and inevitable in the
future guideline. In addition to vaccines, a number of other
potential alternative treatment strategies are being designed.
Probiotics and prebiotics as adjuvants in H. pylori treatment
are shown with higher successful eradication rate [123, 124].
Antimicrobial peptides, which contain 9 groups and 22 anti-
microbial peptides, have anti-H. pylori effects including
drug-resistant H. pylori by α-helical structure, being cationic,
with high positive charge and isoelectric point [125]. They
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have the potential to replace the antibiotics and limit the
spread of antimicrobial resistance of H. pylori [126]. Photo-
dynamic therapy (PDT) oxidizes biomolecules and causes
irreversible damage through reactive oxygen species produc-
tion by a photosensitizer (PS) under laser irradiation. PDT
can kill H. pylori with/without drug resistance. A H. pylori-
targeted PS can avoid undesirable phototoxicity to normal
cells. Multiple 3SL conjugated poly-L-lysine based photome-
dicine with a H. pylori targeted PDT strategy using an endo-
scopic laser system has been proposed [127]. Phage therapy
is also promising in eradicating H. pylori, and the use is still
underdeveloped, such as the preparation of specific lytic
phage [128]. Some studies also show that natural products,
including fruits, vegetables, spices, and medicinal plants,
have inhibitory effects on H. pylori, suggesting their poten-
tial as alternative options for the management of H. pylori
infection [129] (Figure 1).

6. Conclusions

The chronic infection of H. pylori is usually acquired in
childhood. They can safely colonize around the gastric
glands and further induce chronic inflammation, NF-κB
activation, and CagA translocation, which cause damage
and the loss of gastric glands and even neoplastic transfor-
mation and carcinogenesis. Therefore, the detection and
eradication of H. pylori are necessary. The regimen option
is currently based on antibiotic resistance and experience.
Some problems after eradication require our concerns
including recurrence, the risk of NVUGIB, and the risk
of GC. Routine susceptibility test and retest, regular and
careful endoscopic surveillance, and health education con-
tribute to controlling or solving these problems to achieve
better H. pylori management. Additionally, potential alter-
native treatments may aid the current antibiotics treat-
ment. The development of vaccine may be one solution
to achieve a wide range of preventive effects and eradica-
tion treatment.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Hang Yang and Liwen Guan contributed equally to this
paper. And Liwen Guan is listed as the co-first author. Hang
Yang and Bing Hu conceived the study. Hang Yang drafted
the article. Hang Yang, Liwen Guan, and Bing Hu reviewed
and edited the manuscript. All authors have read and agreed
to the published version of the manuscript.

References

[1] J. K. Y. Hooi, W. Y. Lai, W. K. Ng et al., “Global prevalence of
Helicobacter pylori infection: systematic review and meta-
analysis,”Gastroenterology, vol. 153, no. 2, pp. 420–429, 2017.

[2] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries,” CA: A Cancer Journal for Clinicians,
vol. 68, no. 6, pp. 394–424, 2018.

[3] M. Plummer, C. de Martel, J. Vignat, J. Ferlay, F. Bray, and
S. Franceschi, “Global burden of cancers attributable to infec-
tions in 2012: a synthetic analysis,” The Lancet Global Health,
vol. 4, no. 9, pp. e609–e616, 2016.

[4] M. Plummer, S. Franceschi, J. Vignat, D. Forman, and C. de
Martel, “Global burden of gastric cancer attributable to Heli-
cobacter pylori,” International Journal of Cancer, vol. 136,
no. 2, pp. 487–490, 2015.

[5] L. Yang, C. Kartsonaki, P. Yao et al., “The relative and attrib-
utable risks of cardia and non-cardia gastric cancer associated
with Helicobacter pylori infection in China: a case-cohort
study,” The Lancet Public Health, vol. 6, no. 12, pp. e888–
e896, 2021.

[6] H. Yang, W. J. Yang, and B. Hu, “Gastric epithelial histology
and precancerous conditions,” World Journal of Gastrointes-
tinal Oncology, vol. 14, no. 2, pp. 396–412, 2022.

Detection

AI

Endoscopy STT

Eradication
VPZ

Potential alternatives

Vaccination

Probiotics and prebiotics

Antimicrobial peptides

Phage therapy

Natural products

Photodynamic therapy

Rifabutin
BQT

Non-BQT

SAT

C13 UBT

ST

RUT PCR

VOCs

BRE

Urine test

Drug susceptibility test

Post-eradication retest

Antibiotic resistance

Recurrence/NVUGIB/GC

Abbreviation: Artificial intelligence (AI); bio-recognition element (BRE); bismuth-based quadruple therapy (BQT);
gastric cancer (GC); non-variceal upper gastrointestinal bleeding (NVUGIB); polymerase chain reaction (PCR); rapid
urease test (RUT); serological test (ST); standard clarithromycin-based triple therapy (STT); stool antigen test (SAT);
volatile organic compounds (VOCs); urea breathing test (UBT); vonoprazan (VPZ)

Culture

Histology

Figure 1: Detection and eradication of Helicobacter pylori.

5Gastroenterology Research and Practice



[7] H. Yang and B. Hu, “Immunological perspective: Helicobac-
ter pylori infection and gastritis,”Mediators of Inflammation,
vol. 2022, 2022.

[8] G. Maubach, M. Vieth, F. Boccellato, and M. Naumann,
“Helicobacter pylori-induced NF-κB: trailblazer for gastric
pathophysiology,” Trends in Molecular Medicine, vol. 28,
no. 3, pp. 210–222, 2022.

[9] H. Yang, B. Wei, and B. Hu, “Chronic inflammation and
long-lasting changes in the gastric mucosa after Helicobacter
pylori infection involved in gastric cancer,” Inflammation
Research, vol. 70, no. 10–12, pp. 1015–1026, 2021.

[10] Q. Cai, P. Shi, Y. Yuan et al., “Inflammation-associated senes-
cence promotes _Helicobacter pylori-induced atrophic gastri-
tis,” Cellular andMolecular Gastroenterology and Hepatology,
vol. 11, no. 3, pp. 857–880, 2021.

[11] X. Yong, B. Tang, B. S. Li et al., “Helicobacter pylori virulence
factor CagA promotes tumorigenesis of gastric cancer via
multiple signaling pathways,” Cell Communication and Sig-
naling, vol. 13, no. 1, p. 30, 2015.

[12] A. C. Ford, Y. Yuan, D. Forman, R. Hunt, and P. Moayyedi,
“Helicobacter pylori eradication for the prevention of gastric
neoplasia,” Cochrane Database of Systematic Reviews, vol. 7,
no. 7, article Cd005583, 2020.

[13] C. Allemani, T. Matsuda, V. Di Carlo et al., “Global surveil-
lance of trends in cancer survival 2000-14 (CONCORD-3):
analysis of individual records for 37,513,025 patients diag-
nosed with one of 18 cancers from 322 population-based reg-
istries in 71 countries,” Lancet, vol. 391, no. 10125, pp. 1023–
1075, 2018.

[14] P. Malfertheiner, F. Megraud, T. Rokkas et al., “Manage-
ment of Helicobacter pylori infection: the Maastricht VI/
Florence Consensus Report,” Gut, vol. 71, no. 9, pp. 1724–
1762, 2022.

[15] J. I. Kira and N. Isobe, “Helicobacter pylori infection and
demyelinating disease of the central nervous system,” Journal
of Neuroimmunology, vol. 329, pp. 14–19, 2019.

[16] J. Sun, P. Rangan, S. S. Bhat, and L. Liu, “A meta-analysis of
the association between Helicobacter pylori infection and risk
of coronary heart disease from published prospective stud-
ies,” Helicobacter, vol. 21, no. 1, pp. 11–23, 2016.

[17] L. Wang, J. Chen, W. Jiang et al., “The relationship between
Helicobacter pylori infection of the gallbladder and chronic
cholecystitis and cholelithiasis: a systematic review and
meta-analysis,” Canadian Journal of Gastroenterology and
Hepatology, vol. 2021, 2021.

[18] K. Okushin, T. Tsutsumi, K. Ikeuchi et al., “Helicobacter
pylori infection and liver diseases: epidemiology and insights
into pathogenesis,” World Journal of Gastroenterology,
vol. 24, no. 32, pp. 3617–3625, 2018.

[19] L. Wang, Z. M. Cao, L. L. Zhang et al., “Helicobacter pylori
and autoimmune diseases: involving multiple systems,” Fron-
tiers in Immunology, vol. 13, article 833424, 2022.

[20] B. Peleteiro, A. Bastos, A. Ferro, and N. Lunet, “Prevalence of
Helicobacter pylori infection worldwide: a systematic review
of studies with national coverage,” Digestive Diseases and Sci-
ences, vol. 59, no. 8, pp. 1698–1709, 2014.

[21] M. Zamani, F. Ebrahimtabar, V. Zamani et al., “Systematic
review with meta-analysis: the worldwide prevalence of Heli-
cobacter pylori infection,” Alimentary Pharmacology & Ther-
apeutics, vol. 47, no. 7, pp. 868–876, 2018.

[22] H. Yang, X. Zhou, and B. Hu, “The ‘reversibility’ of chronic
atrophic gastritis after the eradication of Helicobacter pylori,”
Postgraduate Medicine, vol. 134, no. 5, pp. 1–6, 2022.

[23] D. S. Bordin, I. N. Voynovan, D. N. Andreev, and I. V. Maev,
“Current Helicobacter pylori diagnostics,” Diagnostics,
vol. 11, no. 8, pp. 1–11, 2021.

[24] S. Z. Ding, Y. Q. Du, H. Lu et al., “Chinese consensus report
on family-based Helicobacter pylori infection control and
management (2021 edition),” Gut, vol. 71, no. 2, pp. 238–
253, 2022.

[25] A. Beresniak, P. Malfertheiner, F. Franceschi, F. Liebaert,
H. Salhi, and J. P. Gisbert, “Helicobacter pylori “test-and-
treat” strategy with urea breath test: a cost-effective strategy
for the management of dyspepsia and the prevention of ulcer
and gastric cancer in Spain-results of the Hp-breath initia-
tive,” Helicobacter, vol. 25, no. 4, article e12693, 2020.

[26] L. H. Eusebi, C. J. Black, C. W. Howden, and A. C. Ford,
“Effectiveness of management strategies for uninvestigated
dyspepsia: systematic review and network meta-analysis,”
BMJ, vol. 367, article l6483, 2019.

[27] L. M. Best, Y. Takwoingi, S. Siddique et al., “Non-invasive
diagnostic tests for Helicobacter pylori infection,” Cochrane
Database of Systematic Reviews, vol. 3, no. 3, article
Cd012080, 2018.

[28] A. C. Ford, E. Tsipotis, Y. Yuan, G. I. Leontiadis, and
P. Moayyedi, “Efficacy ofHelicobacter pylori eradication ther-
apy for functional dyspepsia: updated systematic review and
meta-analysis,” Gut, vol. 71, no. 10, pp. 1967–1975, 2022.

[29] S. Kato, T. Shimizu, S. Toyoda et al., “The updated JSPGHAN
guidelines for the management of Helicobacter pylori infec-
tion in childhood,” Pediatrics International, vol. 62, no. 12,
pp. 1315–1331, 2020.

[30] H. B. El-Serag, J. Y. Kao, F. Kanwal et al., “Houston consensus
conference on testing for Helicobacter pylori infection in the
United States,” Clinical Gastroenterology and Hepatology,
vol. 16, no. 7, pp. 992–1002.e6, 2018.

[31] S. Yoshii, K. Mabe, K. Watano et al., “Validity of endoscopic
features for the diagnosis of Helicobacter pylori infection sta-
tus based on the Kyoto classification of gastritis,” Digestive
Endoscopy, vol. 32, no. 1, pp. 74–83, 2020.

[32] B. Chatrangsun and R. K. Vilaichone, “Endoscopic diagnosis
for H. pylori infection: white light imaging (WLI) vs. image-
enhanced endoscopy (IEE),” Asian Pacific Journal of Cancer
Prevention, vol. 22, no. 9, pp. 3031–3038, 2021.

[33] E. Dilaghi, E. Lahner, B. Annibale, and G. Esposito, “System-
atic review and meta-analysis: artificial intelligence for the
diagnosis of gastric precancerous lesions and Helicobacter
pylori infection,” Digestive and Liver Disease, 2022.

[34] E. Beckman, I. Saracino, G. Fiorini et al., “A novel stool PCR
test for Helicobacter pylori may predict clarithromycin resis-
tance and eradication of infection at a high rate,” Journal of
Clinical Microbiology, vol. 55, no. 8, pp. 2400–2405, 2017.

[35] Y. Li, T. Lv, C. He et al., “Evaluation of multiplex ARMS-PCR
for detection of Helicobacter pylori mutations conferring
resistance to clarithromycin and levofloxacin,” Gut Patho-
gens, vol. 12, no. 1, p. 35, 2020.

[36] X. Peng, Z. Song, L. He et al., “Gastric juice-based real-time
PCR for tailored Helicobacter pylori treatment: a practical
approach,” International Journal of Medical Sciences,
vol. 14, no. 6, pp. 595–601, 2017.

6 Gastroenterology Research and Practice



[37] M. J. Ramírez-Lázaro, S. Lario, M. E. Quílez et al., “Droplet
digital PCR detects low-density infection in a significant pro-
portion of Helicobacter pylori-negative gastric biopsies of
dyspeptic patients,” Clinical and Translational Gastroenterol-
ogy, vol. 11, no. 6, article e00184, 2020.

[38] H. K. Jung, S. J. Kang, Y. C. Lee et al., “Evidence-based guide-
lines for the treatment of Helicobacter pylori infection in
Korea 2020,” Gut and Liver, vol. 15, no. 2, pp. 168–195, 2021.

[39] M. Pichon, B. Freche, and C. Burucoa, “New strategy for the
detection and treatment of Helicobacter pylori infections in
primary care guided by a non-invasive PCR in stool: protocol
of the French HepyPrim study,” Journal of Clinical Medicine,
vol. 11, no. 5, 2022.

[40] P. Subsomwong, D. Doohan, K. A. Fauzia et al., “Next-gener-
ation sequencing-based study of Helicobacter pylori isolates
fromMyanmar and their susceptibility to antibiotics,”Micro-
organisms, vol. 10, no. 1, 2022.

[41] J. M. Liou, P. Malfertheiner, Y. C. Lee et al., “Screening and
eradication of Helicobacter pylori for gastric cancer preven-
tion: the Taipei global consensus,” Gut, vol. 69, no. 12,
pp. 2093–2112, 2020.

[42] I. J. Choi, C. G. Kim, J. Y. Lee et al., “Family history of gastric
cancer and Helicobacter pylori treatment,” The New England
Journal of Medicine, vol. 382, no. 5, pp. 427–436, 2020.

[43] J. Ma, M. Yu, Q. Q. Shao et al., “Both family-basedHelicobac-
ter pylori infection control and management strategy and
screen-and-treat strategy are cost-effective for gastric cancer
prevention,” Helicobacter, vol. 27, no. 4, article e12911, 2022.

[44] M. Venerito, E. Goni, and P. Malfertheiner, “Helicobacter
pylori screening: options and challenges,” Expert Review of
Gastroenterology & Hepatology, vol. 10, no. 4, pp. 497–503,
2016.

[45] N. Aumpan, R. K. Vilaichone, P. Chotivitayatarakorn,
B. Pornthisarn, S. Cholprasertsuk, P. Bhanthumkomol et al.,
“High efficacy of rapid urine test for diagnosis ofHelicobacter
pylori infection in Thai people,” Asian Pacific Journal of Can-
cer Prevention, vol. 20, no. 5, pp. 1525–1529, 2019.

[46] K. Saxena, N. Chauhan, and U. Jain, “Advances in diagnosis
of Helicobacter pylori through biosensors: point of care
devices,” Analytical Biochemistry, vol. 630, article 114325,
2021.

[47] A. Ulanowska, T. Kowalkowski, K. Hrynkiewicz,
M. Jackowski, and B. Buszewski, “Determination of volatile
organic compounds in human breath for helicobacter pylori
detection by SPME-GC/MS,” Biomedical Chromatography,
vol. 25, no. 3, pp. 391–397, 2011.

[48] S. Sethi, R. Nanda, and T. Chakraborty, “Clinical application
of volatile organic compound analysis for detecting infectious
diseases,” Clinical Microbiology Reviews, vol. 26, no. 3,
pp. 462–475, 2013.

[49] J. G. Kusters, A. H. van Vliet, and E. J. Kuipers, “Pathogenesis
of Helicobacter pylori infection,” Clinical Microbiology
Reviews, vol. 19, no. 3, pp. 449–490, 2006.

[50] A. C. de Vries, G. A. Meijer, C. W. Looman et al., “Epidemi-
ological trends of pre-malignant gastric lesions: a long-term
nationwide study in the Netherlands,” Gut, vol. 56, no. 12,
pp. 1665–1670, 2007.

[51] M. Arnold, J. Y. Park, M. C. Camargo, N. Lunet, D. Forman,
and I. Soerjomataram, “Is gastric cancer becoming a rare dis-
ease? A global assessment of predicted incidence trends to
2035,” Gut, vol. 69, no. 5, pp. 823–829, 2020.

[52] T. H. Chiang, W. J. Chang, S. L. Chen et al., “Mass eradication
of Helicobacter pylori to reduce gastric cancer incidence and
mortality: a long-term cohort study on Matsu Islands,” Gut,
vol. 70, no. 2, pp. 243–250, 2021.

[53] I. J. Choi, M. C. Kook, Y. I. Kim et al., “Helicobacter pylori
therapy for the prevention of metachronous gastric cancer,”
The New England Journal of Medicine, vol. 378, no. 12,
pp. 1085–1095, 2018.

[54] R. M. Zagari, S. Rabitti, L. H. Eusebi, and F. Bazzoli, “Treat-
ment of Helicobacter pylori infection: a clinical practice
update,” European Journal of Clinical Investigation, vol. 48,
no. 1, 2018.

[55] R. M. Zagari, L. Frazzoni, G. Marasco, L. Fuccio, and
F. Bazzoli, “Treatment of Helicobacter pylori infection: a clin-
ical practice update,” Minerva Medica, vol. 112, no. 2,
pp. 281–287, 2021.

[56] C. A. Fallone, N. Chiba, S. V. van Zanten et al., “The Toronto
consensus for the treatment ofHelicobacter pylori infection in
adults,” Gastroenterology, vol. 151, no. 1, pp. 51–69.e14, 2016.

[57] P. Malfertheiner, F. Megraud, C. A. O’Morain et al., “Man-
agement of Helicobacter pylori infection-the Maastricht V/
Florence consensus report,” Gut, vol. 66, no. 1, pp. 6–30,
2017.

[58] Y. Hu, Y. Zhu, and N. H. Lu, “Recent progress inHelicobacter
pylori treatment,” Chinese Medical Journal, vol. 133, no. 3,
pp. 335–343, 2020.

[59] M. Abdullahi, B. Annibale, D. Capoccia et al., “The eradica-
tion of Helicobacter pylori is affected by body mass index
(BMI),” Obesity Surgery, vol. 18, no. 11, pp. 1450–1454, 2008.

[60] C. Y. Ho, T. W. Liu, Y. S. Lin et al., “Factors affecting the
intraluminal therapy for Helicobacter pylori infection,”
Microorganisms, vol. 10, no. 2, p. 415, 2022.

[61] W. D. Chey, G. I. Leontiadis, C. W. Howden, and S. F. Moss,
“ACG clinical guideline: treatment of Helicobacter pylori
infection,” The American Journal of Gastroenterology,
vol. 112, no. 2, pp. 212–239, 2017.

[62] K. Murakami, Y. Sakurai, M. Shiino, N. Funao, A. Nishimura,
and M. Asaka, “Vonoprazan, a novel potassium-competitive
acid blocker, as a component of first-line and second-line tri-
ple therapy for Helicobacter pylori eradication: a phase III,
randomised, double-blind study,” Gut, vol. 65, no. 9,
pp. 1439–1446, 2016.

[63] C. Li, Y. Shi, B. Suo, X. Tian, L. Zhou, and Z. Song, “PPI-
amoxicillin dual therapy four times daily is superior to guide-
lines recommended regimens in the Helicobacter pylori erad-
ication therapy within Asia: a systematic review and meta-
analysis,” Helicobacter, vol. 26, no. 4, article e12816, 2021.

[64] J. Yang, Y. Zhang, L. Fan et al., “Correction: eradication effi-
cacy of modified dual therapy compared with bismuth-
containing quadruple therapy as a first-line treatment ofHeli-
cobacter pylori,” The American Journal of Gastroenterology,
vol. 114, no. 5, p. 835, 2019.

[65] F. Sapmaz, I. H. Kalkan, P. Atasoy, S. Basyigit, and S. Guliter,
“A non-inferiority study: modified dual therapy consisting
higher doses of rabeprazole is as successful as standard qua-
druple therapy in eradication of Helicobacter pylori,” Ameri-
can Journal of Therapeutics, vol. 24, no. 4, pp. e393–e398,
2017.

[66] S. Suzuki, T. Gotoda, C. Kusano et al., “Seven-day vonopra-
zan and low-dose amoxicillin dual therapy as first-line

7Gastroenterology Research and Practice



Helicobacter pylori treatment: a multicentre randomised trial
in Japan,” Gut, vol. 69, no. 6, pp. 1019–1026, 2020.

[67] T. Furuta, M. Yamade, T. Kagami et al., “Dual therapy with
vonoprazan and amoxicillin is as effective as triple therapy
with vonoprazan, amoxicillin and clarithromycin for eradica-
tion of Helicobacter pylori,” Digestion, vol. 101, no. 6,
pp. 743–751, 2020.

[68] D. Y. Graham, Y. Canaan, J. Maher, G. Wiener, K. G. Hulten,
and I. N. Kalfus, “Rifabutin-based triple therapy (RHB-105)
for Helicobacter pylori eradication: a double-blind, random-
ized, controlled trial,” Annals of Internal Medicine, vol. 172,
no. 12, pp. 795–802, 2020.

[69] Y. Hirata, A. Yamada, R. Niikura, S. Shichijo, Y. Hayakawa,
and K. Koike, “Efficacy and safety of a new rifabutin-based
triple therapy with vonoprazan for refractory Helicobacter
pylori infection: a prospective single-arm study,” Helicobac-
ter, vol. 25, no. 5, article e12719, 2020.

[70] T. C. Liou, P. H. Liao, Y. C. Lin, C. H. Chu, and S. C. Shih,
“Intraluminal therapy forHelicobacter pylori infection,” Jour-
nal of Gastroenterology and Hepatology, vol. 34, no. 8,
pp. 1337–1343, 2019.

[71] A. Savoldi, E. Carrara, D. Y. Graham, M. Conti, and
E. Tacconelli, “Prevalence of antibiotic resistance in Helico-
bacter pylori: a systematic review and meta-analysis in World
Health Organization Regions,” Gastroenterology, vol. 155,
no. 5, pp. 1372–82.e17, 2018.

[72] O. P. Nyssen, D. Bordin, B. Tepes et al., “European registry on
Helicobacter pylori management (Hp-EuReg): patterns and
trends in first-line empirical eradication prescription and
outcomes of 5 years and 21,533 patients,” Gut, vol. 70,
no. 1, pp. 40–54, 2021.

[73] Y. T. Kuo, J. M. Liou, E. M. El-Omar et al., “Primary antibi-
otic resistance in Helicobacter pylori in the Asia-Pacific
region: a systematic review and meta-analysis,” The Lancet
Gastroenterology & Hepatology, vol. 2, no. 10, pp. 707–715,
2017.

[74] E. Tshibangu-Kabamba and Y. Yamaoka, “Helicobacter pylori
infection and antibiotic resistance—from biology to clinical
implications,” Nature Reviews Gastroenterology & Hepatol-
ogy, vol. 18, no. 9, pp. 613–629, 2021.

[75] S. Hathroubi, J. Zerebinski, A. Clarke, and K. M. Ottemann,
“Helicobacter pylori biofilm confers antibiotic tolerance in
part via a protein-dependent mechanism,” Antibiotics,
vol. 9, no. 6, pp. 1–11, 2020.

[76] S. Kadkhodaei, F. Siavoshi, and N. K. Akbari, “Mucoid and
coccoid Helicobacter pylori with fast growth and antibiotic
resistance,” Helicobacter, vol. 25, no. 2, article e12678, 2020.

[77] F. Mégraud, “H. pylori antibiotic resistance: prevalence,
importance, and advances in testing,” Gut, vol. 53, no. 9,
pp. 1374–1384, 2004.

[78] S. G. Lim, R. W. Park, S. J. Shin et al., “The relationship
between the failure to eradicate helicobacter pylori and previ-
ous antibiotics use,”Digestive and Liver Disease, vol. 48, no. 4,
pp. 385–390, 2016.

[79] W. G. Shin, S. W. Lee, G. H. Baik et al., “Eradication rates of
Helicobacter pylori in Korea over the past 10 years and corre-
lation of the amount of antibiotics use: nationwide survey,”
Helicobacter, vol. 21, no. 4, pp. 266–278, 2016.

[80] É. Kocsmár, G. M. Buzás, I. Szirtes et al., “Primary and sec-
ondary clarithromycin resistance in Helicobacter pylori and

mathematical modeling of the role of macrolides,” Nature
Communications, vol. 12, no. 1, p. 2255, 2021.

[81] D. S. Liu, Y. H. Wang, Z. H. Zhu et al., “Characteristics of
Helicobacter pylori antibiotic resistance: data from four dif-
ferent populations,” Antimicrobial Resistance and Infection
Control, vol. 8, no. 1, p. 192, 2019.

[82] L. B. Rice, “Antimicrobial stewardship and antimicrobial
resistance,” The Medical Clinics of North America, vol. 102,
no. 5, pp. 805–818, 2018.

[83] O. P. Nyssen, A. Perez-Aisa, B. Tepes et al., “Adverse event
profile during the treatment of Helicobacter pylori: a real-
world experience of 22,000 patients from the European regis-
try on H. pylori management (Hp-EuReg),” The American
Journal of Gastroenterology, vol. 116, no. 6, pp. 1220–1229,
2021.

[84] Y. Hu, J. H. Wan, X. Y. Li, Y. Zhu, D. Y. Graham, and N. H.
Lu, “Systematic review with meta-analysis: the global recur-
rence rate of Helicobacter pylori,” Alimentary Pharmacology
& Therapeutics, vol. 46, no. 9, pp. 773–779, 2017.

[85] H. Zhao, P. Yan, N. Zhang, L. Feng, X. Chu, G. Cui et al., “The
recurrence rate ofHelicobacter pylori in recent 10 years: a sys-
tematic review and meta-analysis,” Helicobacter, vol. 26,
no. 6, p. e12852, 2021.

[86] Y. Niv and R. Hazazi, “Helicobacter pylori recurrence in
developed and developing countries: meta-analysis of 13C-
urea breath test follow-up after eradication,” Helicobacter,
vol. 13, no. 1, pp. 56–61, 2008.

[87] E. Shah and W. D. Chey, “Editorial: recurrence of Helicobac-
ter pylori infection-still the same after all these years,” Ali-
mentary Pharmacology & Therapeutics, vol. 47, no. 1,
pp. 131–132, 2018.

[88] Y. Sun and J. Zhang, “Helicobacter pylori recrudescence and
its influencing factors,” Journal of Cellular and Molecular
Medicine, vol. 23, no. 12, pp. 7919–7925, 2019.

[89] K. F. Pan, L. Zhang, M. Gerhard et al., “A large randomised
controlled intervention trial to prevent gastric cancer by
eradication of Helicobacter pylori in Linqu County, China:
baseline results and factors affecting the eradication,” Gut,
vol. 65, no. 1, pp. 9–18, 2016.

[90] S. Kumar, D. C. Metz, D. E. Kaplan, and D. S. Goldberg, “Low
rates of retesting for eradication of Helicobacter pylori infec-
tion after treatment in the Veterans Health Administration,”
Clinical Gastroenterology and Hepatology, vol. 19, no. 2,
pp. 305–313.e1, 2021.

[91] T. Kamada, K. Satoh, T. Itoh et al., “Evidence-based clinical
practice guidelines for peptic ulcer disease 2020,” Journal of
Gastroenterology, vol. 56, no. 4, pp. 303–322, 2021.

[92] E. Sverdén, N. Brusselaers, K. Wahlin, and J. Lagergren,
“Time latencies of Helicobacter pylori eradication after peptic
ulcer and risk of recurrent ulcer, ulcer adverse events, and
gastric cancer: a population-based cohort study,”Gastrointes-
tinal Endoscopy, vol. 88, no. 2, pp. 242–50.e1, 2018.

[93] C. G. Guo, K. S. Cheung, F. Zhang et al., “Delay in retreat-
ment of Helicobacter pylori infection increases risk of upper
gastrointestinal bleeding,” Clinical Gastroenterology and
Hepatology, vol. 19, no. 2, pp. 314–322.e2, 2021.

[94] D. Gnjidic, S. N. Hilmer, F. M. Blyth et al., “High-risk pre-
scribing and incidence of frailty among older community-
dwelling men,” Clinical Pharmacology and Therapeutics,
vol. 91, no. 3, pp. 521–528, 2012.

8 Gastroenterology Research and Practice



[95] C. G. Guo, K. S. Cheung, F. Zhang et al., “Incidences, tempo-
ral trends and risks of hospitalisation for gastrointestinal
bleeding in new or chronic low-dose aspirin users after treat-
ment for Helicobacter pylori: a territory-wide cohort study,”
Gut, vol. 69, no. 3, pp. 445–452, 2020.

[96] C. G. Guo, K. S. Cheung, F. Zhang et al., “Risks of hospitali-
zation for upper gastrointestinal bleeding in users of selective
serotonin reuptake inhibitors after Helicobacter pylori eradi-
cation therapy: a propensity score matching analysis,” Ali-
mentary Pharmacology & Therapeutics, vol. 50, no. 9,
pp. 1001–1008, 2019.

[97] F. Jiang, C. G. Guo, K. S. Cheung, and W. K. Leung, “Long-
term risk of upper gastrointestinal bleeding afterHelicobacter
pylori eradication: a population-based cohort study,” Alimen-
tary Pharmacology & Therapeutics, vol. 54, no. 9, pp. 1162–
1169, 2021.

[98] H. Yang and B. Hu, “Letter: the hidden reasons of long-term
risk of upper gastrointestinal bleeding after Helicobacter
pylori eradication,” Alimentary Pharmacology & Therapeu-
tics, vol. 55, no. 3, pp. 372–373, 2022.

[99] J. Zha, Y. Y. Li, J. Y. Qu, X. X. Yang, Z. X. Han, and X. Zuo,
“Effects of enhanced education for patients with the Helico-
bacter pylori infection: a systematic review and meta-analy-
sis,” Helicobacter, vol. 27, no. 2, article e12880, 2022.

[100] W. K. Leung, K. S. Cheung, B. Li, S. Y. K. Law, and T. K. L.
Lui, “Applications of machine learning models in the predic-
tion of gastric cancer risk in patients after Helicobacter pylori
eradication,” Alimentary Pharmacology & Therapeutics,
vol. 53, no. 8, pp. 864–872, 2021.

[101] K. S. Cheung and W. K. Leung, “Risk of gastric cancer devel-
opment after eradication of Helicobacter pylori,”World Jour-
nal of Gastrointestinal Oncology, vol. 10, no. 5, pp. 115–123,
2018.

[102] P. Pimentel-Nunes, D. Libânio, R. Marcos-Pinto et al., “Man-
agement of epithelial precancerous conditions and lesions in
the stomach (MAPS II): European Society of Gastrointestinal
Endoscopy (ESGE), European Helicobacter and Microbiota
Study Group (EHMSG), European Society of Pathology
(ESP), and Sociedade Portuguesa de Endoscopia Digestiva
(SPED) guideline update 2019,” Endoscopy, vol. 51, no. 4,
pp. 365–388, 2019.

[103] S. C. Shah, M. B. Piazuelo, E. J. Kuipers, and D. Li, “AGA clin-
ical practice update on the diagnosis and management of
atrophic gastritis: expert review,” Gastroenterology, vol. 161,
no. 4, pp. 1325–1332.e7, 2021.

[104] L. H. Eusebi, A. Telese, G. Marasco, F. Bazzoli, and R. M.
Zagari, “Gastric cancer prevention strategies: a global per-
spective,” Journal of Gastroenterology and Hepatology,
vol. 35, no. 9, pp. 1495–1502, 2020.

[105] L. Wu, M. Xu, X. Jiang et al., “Real-time artificial intelligence
for detecting focal lesions and diagnosing neoplasms of the
stomach by white-light endoscopy (with videos),” Gastroin-
testinal Endoscopy, vol. 95, no. 2, pp. 269–80.e6, 2022.

[106] J. Arai, T. Aoki, M. Sato et al., “Machine learning-based per-
sonalized prediction of gastric cancer incidence using the
endoscopic and histologic findings at the initial endoscopy,”
Gastrointestinal Endoscopy, vol. 95, no. 5, pp. 864–872, 2022.

[107] X. Zhang, I. C. Arnold, and A. Müller, “Mechanisms of per-
sistence, innate immune activation and immunomodulation
by the gastric pathogenHelicobacter pylori,” Current Opinion
in Microbiology, vol. 54, pp. 1–10, 2020.

[108] T. G. Blanchard and S. J. Czinn, “Identification of Helicobac-
ter pylori and the evolution of an efficacious childhood vac-
cine to protect against gastritis and peptic ulcer disease,”
Pediatric Research, vol. 81, no. 1–2, pp. 170–176, 2017.

[109] J. L. Banga Ndzouboukou, Q. Lei, N. Ullah, Y. Zhang, L. Hao,
and X. Fan, “Helicobacter pylori adhesins: HpaA a potential
antigen in experimental vaccines for H. pylori,” Helicobacter,
vol. 26, no. 1, article e12758, 2021.

[110] V. I. Dos Santos, M. L. Cordeiro Santos, H. Santos Marques
et al., “Vaccine development againstHelicobacter pylori: from
ideal antigens to the current landscape,” Expert Review of
Vaccines, vol. 20, no. 8, pp. 989–999, 2021.

[111] H. Maleki Kakelar, A. Barzegari, J. Dehghani et al., “Pathoge-
nicity of Helicobacter pylori in cancer development and
impacts of vaccination,” Gastric Cancer, vol. 22, no. 1,
pp. 23–36, 2019.

[112] L. Guo, H. Yang, F. Tang et al., “Oral immunization with a
multivalent epitope-based vaccine, based on NAP, urease,
HSP60, and HpaA, provides therapeutic effect on H. pylori
infection in Mongolian gerbils,” Frontiers in Cellular and
Infection Microbiology, vol. 7, p. 349, 2017.

[113] L. Guo, R. Yin, G. Xu et al., “Immunologic properties and
therapeutic efficacy of a multivalent epitope-based vaccine
against four Helicobacter pylori adhesins (urease, Lpp20,
HpaA, and CagL) in Mongolian gerbils,” Helicobacter,
vol. 22, no. 6, p. e12428, 2017.

[114] L. Guo, D. Hong, S. Wang et al., “Therapeutic protection
against H. pylori infection in Mongolian gerbils by Oral
immunization with a tetravalent epitope-based vaccine with
polysaccharide adjuvant,” Frontiers in Immunology, vol. 10,
p. 1185, 2019.

[115] W. Y. Zhou, Y. Shi, C. Wu et al., “Therapeutic efficacy of a
multi-epitope vaccine against Helicobacter pylori infection
in BALB/c mice model,” Vaccine, vol. 27, no. 36, pp. 5013–
5019, 2009.

[116] W. Xie, W. Zhao, Z. Zou, L. Kong, and L. Yang, “Oral multi-
valent epitope vaccine, based on UreB, HpaA, CAT, and LTB,
for prevention and treatment of Helicobacter pylori infection
in C57BL/6 mice,” Helicobacter, vol. 26, no. 3, article e12807,
2021.

[117] X. Pan, H. Ke, X. Niu, S. Li, J. Lv, and L. Pan, “Protection
against Helicobacter pylori infection in BALB/c mouse model
by oral administration of multivalent epitope-based vaccine
of cholera toxin B subunit-HUUC,” Frontiers in Immunology,
vol. 9, p. 1003, 2018.

[118] S. J. Czinn and T. Blanchard, “Vaccinating against Helicobac-
ter pylori infection,” Nature Reviews Gastroenterology &
Hepatology, vol. 8, no. 3, pp. 133–140, 2011.

[119] S. Wang, J. Ma, Q. Ji, and Q. Liu, “Evaluation of an attenuated
Listeria monocytogenes as a vaccine vector to control Helico-
bacter pylori infection,” Immunology Letters, vol. 238, pp. 68–
74, 2021.

[120] C. Ding, J. Ma, Q. Dong, and Q. Liu, “Live bacterial vaccine
vector and delivery strategies of heterologous antigen: a
review,” Immunology Letters, vol. 197, pp. 70–77, 2018.

[121] D. Stubljar, T. Jukic, and A. Ihan, “How far are we from vac-
cination against Helicobacter pylori infection?,” Expert
Review of Vaccines, vol. 17, no. 10, pp. 935–945, 2018.

[122] M. Zeng, X. H. Mao, J. X. Li et al., “Efficacy, safety, and
immunogenicity of an oral recombinant Helicobacter pylori
vaccine in children in China: a randomised, double-blind,

9Gastroenterology Research and Practice



placebo-controlled, phase 3 trial,” Lancet, vol. 386, no. 10002,
pp. 1457–1464, 2015.

[123] L. I. Butorova, M. D. Ardatskaya, M. A. Osadchuk et al.,
“Comparison of clinical-metabolic efficacy of pre- and pro-
biotics in the conducted optimized protocols of eradication
therapy of Helicobacter pylori infection,” Terapevticheskii
Arkhiv, vol. 92, no. 4, pp. 64–69, 2020.

[124] P. Poonyam, P. Chotivitayatarakorn, and R. K. Vilaichone,
“High effective of 14-day high-dose PPI- bismuth-
containing quadruple therapy with probiotics supplement
for Helicobacter pylori eradication: a double blinded-
randomized placebo-controlled study,” Asian Pacific Journal
of Cancer Prevention, vol. 20, no. 9, pp. 2859–2864, 2019.

[125] A. Neshani, H. Zare, M. R. Akbari Eidgahi, A. Hooshyar Chi-
chaklu, A. Movaqar, and K. Ghazvini, “Review of antimicro-
bial peptides with anti-Helicobacter pylori activity,”
Helicobacter, vol. 24, no. 1, article e12555, 2019.

[126] A. Sukri, B. S. Lopes, and A. Hanafiah, “The emergence of
multidrug-resistant Helicobacter pylori in Southeast Asia: a
systematic review on the trends and intervention strategies
using antimicrobial peptides,” Antibiotics, vol. 10, no. 9, 2021.

[127] B. N. Im, H. Shin, B. Lim et al., “Helicobacter pylori-targeting
multiligand photosensitizer for effective antibacterial endo-
scopic photodynamic therapy,” Biomaterials, vol. 271, article
120745, 2021.

[128] L. Fernández, D. Gutiérrez, P. García, and A. Rodríguez, “The
perfect bacteriophage for therapeutic applications-a quick
guide,” Antibiotics, vol. 8, no. 3, 2019.

[129] Q. Liu, X. Meng, Y. Li et al., “Natural products for the preven-
tion and Management ofHelicobacter pylori infection,” Com-
prehensive Reviews in Food Science and Food Safety, vol. 17,
no. 4, pp. 937–952, 2018.

10 Gastroenterology Research and Practice


	Detection and Treatment of Helicobacter pylori: Problems and Advances
	1. Introduction
	2. H. Pylori Detection in Clinical Practice and Advances
	3. H. Pylori Eradication in Clinical Practice
	4. Problems after Eradication Treatment
	5. Potential Alternative Treatment Strategies
	6. Conclusions
	Conflicts of Interest
	Authors’ Contributions



