
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2024 January 14; 30(2): 115-198

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I January 14, 2024 Volume 30 Issue 2

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 30 Number 2 January 14, 2024

REVIEW

Small nucleolar RNA and its potential role in the oncogenesis and development of colorectal cancer115

Lan YZ, Wu Z, Chen WJ, Fang ZX, Yu XN, Wu HT, Liu J

MINIREVIEWS

Hepatocardiorenal syndrome in liver cirrhosis: Recognition of a new entity?128

Wu HHL, Rakisheva A, Ponnusamy A, Chinnadurai R

Esophageal intramural pseudodiverticulosis137

Shintaku M

ORIGINAL ARTICLE

Retrospective Cohort Study

Long-term prognosis and its associated predictive factors in patients with eosinophilic gastroenteritis146

Li KW, Ruan GC, Liu S, Xu TM, Ma Y, Zhou WX, Liu W, Zhao PY, Du ZR, Li J, Li JN

Retrospective Study

Association of tumor budding with clinicopathological features and prognostic value in stage III-IV 
colorectal cancer

158

Luo YH, Yan ZC, Liu JY, Li XY, Yang M, Fan J, Huang B, Ma CG, Chang XN, Nie X

Automatic detection of small bowel lesions with different bleeding risks based on deep learning models170

Zhang RY, Qiang PP, Cai LJ, Li T, Qin Y, Zhang Y, Zhao YQ, Wang JP

Observational Study

Success of susceptibility-guided eradication of Helicobacter pylori in a region with high secondary clarith-
romycin and levofloxacin resistance rates

184

Wang YM, Chen MY, Chen J, Zhang XH, Feng Y, Han YX, Li YL

LETTER TO THE EDITOR

Gastric cancer immunotherapy: A scientometric and clinical trial review196

Du QC, Wang XY, Yu H



WJG https://www.wjgnet.com II January 14, 2024 Volume 30 Issue 2

World Journal of Gastroenterology
Contents

Weekly Volume 30 Number 2 January 14, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Matjaž Homan, MD, PhD, Associate Professor, 
Department of Gastroenterology, Hepatology and Nutrition, University Children’s Hospital, Faculty of Medicine, 
University of Ljubljana, Ljubljana 1000, Slovenia. matjaz.homan@kclj.si

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE), MEDLINE, PubMed, PubMed 
Central, Scopus, Reference Citation Analysis, China Science and Technology Journal Database, and Superstar 
Journals Database. The 2023 edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJG as 4.3; 
Quartile category: Q2. The WJG’s CiteScore for 2021 is 8.3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https://www.wjgnet.com/bpg/gerinfo/208

EXECUTIVE ASSOCIATE EDITORS-IN-CHIEF POLICY OF CO-AUTHORS

Xian-Jun Yu (Pancreatic Oncology), Jian-Gao Fan (Chronic Liver Disease), Hou-
Bao Liu (Biliary Tract Disease)

https://www.wjgnet.com/bpg/GerInfo/310

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

January 14, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

PUBLISHING PARTNER PUBLISHING PARTNER's OFFICIAL WEBSITE

Shanghai Pancreatic Cancer Institute and Pancreatic Cancer Institute, Fudan 
University 
Biliary Tract Disease Institute, Fudan University

https://www.shca.org.cn 
https://www.zs-hospital.sh.cn

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/bpg/GerInfo/310
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
https://www.shca.org.cn
https://www.zs-hospital.sh.cn
mailto:office@baishideng.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 184 January 14, 2024 Volume 30 Issue 2

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2024 January 14; 30(2): 184-195

DOI: 10.3748/wjg.v30.i2.184 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study

Success of susceptibility-guided eradication of Helicobacter pylori in 
a region with high secondary clarithromycin and levofloxacin 
resistance rates

Yan-Meng Wang, Mo-Ye Chen, Jing Chen, Xin-He Zhang, Yan Feng, Yu-Xi Han, Yi-Ling Li

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Sahin Y, Turkey; 
Ulasoglu C, Turkey

Received: October 30, 2023 
Peer-review started: October 30, 
2023 
First decision: November 29, 2023 
Revised: December 12, 2023 
Accepted: December 28, 2023 
Article in press: December 28, 2023 
Published online: January 14, 2024

Yan-Meng Wang, Mo-Ye Chen, Xin-He Zhang, Yan Feng, Yu-Xi Han, Yi-Ling Li, Department of 
Gastroenterology, The First Affiliated Hospital of China Medical University, Shenyang 
110000, Liaoning Province, China

Jing Chen, Key Laboratory of Cancer Etiology and Prevention in Liaoning Education 
Department, The First Hospital of China Medical University, Shenyang 110000, Liaoning 
Province, China

Corresponding author: Yi-Ling Li, MD, Chief Physician, Professor, Department of 
Gastroenterology, The First Affiliated Hospital of China Medical University, No. 92 North 
Second Road, Shenyang 110000, Liaoning Province, China. lyl-72@163.com

Abstract
BACKGROUND 
Resistance to clarithromycin (CLA) and levofloxacin (LFX) of Helicobacter pylori 
(H. pylori) is increasing in severity, and successful eradication is essential. 
Presently, the eradication success rate has greatly declined, leaving a large 
number of patients with previous treatment histories.

AIM 
To investigate secondary resistance rates, explore risk factors for antibiotic 
resistance, and assess the efficacy of susceptibility-guided therapy.

METHODS 
We recruited 154 subjects positive for Urea Breath Test who attended The First 
Affiliated Hospital of China Medical University between July 2022 and April 2023. 
Participants underwent a string test after an overnight fast. The gastric juice was 
obtained and transferred to vials containing storage solution. Subsequently, DNA 
extraction and the specific DNA amplification were performed using quantitative 
polymerase chain reaction (qPCR). Demographic information was also analyzed 
as part of the study. Based on these results, the participants were administered 
susceptibility-guided treatment. Efficacy was compared with that of the empiric 
treatment group.

RESULTS 
A total of 132 individuals tested positive for the H. pylori ureA gene by qPCR 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v30.i2.184
mailto:lyl-72@163.com
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technique. CLA resistance rate reached a high level of 82.6% (n = 109), LFX resistance rate was 69.7% (n = 92) and 
dual resistance was 62.1% (n = 82). Gastric symptoms [odds ratio (OR) = 2.782; 95% confidence interval (95%CI): 
1.076-7.194; P = 0.035] and rural residence (OR = 5.152; 95%CI: 1.407-18.861; P = 0.013) were independent risk 
factors for secondary resistance to CLA and LFX, respectively. A total of 102 and 100 individuals received suscept-
ibility-guided therapies and empiric treatment, respectively. The antibiotic susceptibility-guided treatment and 
empiric treatment groups achieved successful eradication rates of 75.5% (77/102) and 59.0% (59/411) by the 
intention-to-treat (ITT) analysis and 90.6% (77/85) and 70.2% (59/84) by the per-protocol (PP) analysis, 
respectively. The eradication rates of these two treatment strategies were significantly different in both ITT (P = 
0.001) and PP (P = 0.012) analyses.

CONCLUSION 
H. pylori presented high secondary resistance rates to CLA and LFX. For patients with previous treatment failures, 
treatments should be guided by antibiotic susceptibility tests or regional antibiotic resistance profile.

Key Words: Helicobacter pylori; Antibiotic resistance; Clarithromycin; Levofloxacin; String-test; Susceptibility-guided 
therapy; Eradication rate

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Decreased success eradication rates of Helicobacter pylori (H. pylori) have received much attention in recent years, 
mainly due to the increasing resistance to antibiotics. Focus has begun to be placed on the efficacy of antibiotic suscept-
ibility-guided eradication. This study revealed that the secondary resistance rate of H. pylori to clarithromycin and 
levofloxacin in Province Liaoning, was higher than the national average. Antibiotic susceptibility-guided eradication therapy 
is more effective than empiric treatment. It provided a reference for eradication therapy in regions in the northeast of China.

Citation: Wang YM, Chen MY, Chen J, Zhang XH, Feng Y, Han YX, Li YL. Success of susceptibility-guided eradication of Helico-
bacter pylori in a region with high secondary clarithromycin and levofloxacin resistance rates. World J Gastroenterol 2024; 30(2): 
184-195
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/184.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.184

INTRODUCTION
Approximately half of the world's population is infected with Helicobacter pylori (H. pylori), a bacterium that contributes to 
various stomach disorders, such as atrophic gastritis, gastric carcinoma, and mucosa-associated lymphoid tissue 
lymphoma[1]. H. pylori has also been implicated in the development of extra-digestive disorders, such as iron deficiency 
anemia, idiopathic thrombocytopenic purpura, nonalcoholic fatty liver disease, and Alzheimer’s disease (AD)[2-4]. H. 
pylori also elicits immune responses. Several researchers have investigated the association of H. pylori infection with mean 
platelet volume and neutrophil/lymphocyte ratio values in both adults and children[5,6]. H. pylori, classified as a group I 
carcinogen of gastric cancer (GC), could promote the development of precancerous gastric lesions[7,8]. Successful H. 
pylori eradication might serve as a long-term preventive measure against GC among populations at high risk of the 
disease[9-11]. Strategies for the effective H. pylori treatment are essential for the prevention of GC.

Recently, the eradication rates of standard triple therapies containing clarithromycin (CLA) and regimens based on 
levofloxacin (LFX) have declined substantially[12-14]. This marked reduction in eradication efficacy resulted mainly from 
the rising prevalence of antibiotic resistance[15]. Bismuth quadruple therapy was recommended by guidelines and used 
clinically, yet still with unsatisfactory eradication effects[16]. A rapid increase in the prevalence of H. pylori resistance to 
CLA and LFX has been observed[17], which might be closely related to previous treatment failure. It has been pointed out 
that with more than two previous histories of treatments, resistance to CLA and LFX could increase by more than 50%
[18]. Current consensus recommended antibiotic susceptibility tests before prescriptions in populations with several 
treatment failures[19]. Besides, in areas characterized by high CLA and LFX resistance, it is essential to detect antibiotic 
resistance of H. pylori before prescription. Epidemiological data on secondary H. pylori resistance are crucial for decision-
making within respective areas when local patients are unavailable for prior tests.

However, culturing and antibiotic susceptibility tests require significant investments in time and specialized laboratory 
equipment, limiting their wide clinical application, likewise[20]. Furthermore, molecular tests, such as quantitative 
polymerase chain reaction (qPCR), hold promise for clinical application in detecting H. pylori infection and antibiotic 
resistance in gastric mucosal specimens[21,22]. For focal distribution within the gastric mucosa, H. pylori is prone to false-
negative results when biopsies are performed at several sites under gastroscopy. Conversely, the presence of bacteria and 
shed epithelial cells in gastric fluid achieved using the more available and less invasive string-test than the conventional 
method of extracting mucosal samples through endoscopic biopsies[21].

https://www.wjgnet.com/1007-9327/full/v30/i2/184.htm
https://dx.doi.org/10.3748/wjg.v30.i2.184
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Moreover, the identification of risk factors for antibiotic resistance of H. pylori is valuable for identifying high-risk 
populations susceptible to antibiotic-resistant strains. This information holds value in clinical settings, enabling to 
provide prescriptions suitable for a specific region, thereby reducing the incidence of secondary antibiotic resistance. 
Several studies have investigated risk factors, such as age, gender, and previous antibiotic use[23-25]. However, 
conclusions remained contentious, displaying discrepancies across different geographical regions.

In the current study, we calculated the secondary CLA and LFX resistance rate of H. pylori strains in Liaoning Province, 
a region in the northeast of China, based on qPCR by string-test. Risk factors for antibiotic resistance were also evaluated. 
Besides, we assessed the eradication rate of susceptibility-guided therapy eradication and compared the outcomes with 
the empiric treatment eradication rate, in order to improve the eradication rate in Liaoning Province.

MATERIALS AND METHODS
Study design, participants and acquisition of basic information
This trial was conducted at the Department of Gastroenterology of the First Affiliated Hospital of China Medical 
University from July 2022 to April 2023. It was approved by the Human Ethics Review Committee of the First Affiliated 
Hospital of China Medical University (2021325). Written informed consent was obtained from all participants. 
Participants were drawn from various areas of Liaoning Province, and the study was conducted at a tertiary hospital. 
Subjects positive for H. pylori and aged ≥ 18 years were recruited. Exclusion criteria included administration of antibiotics 
in the past month, administration of proton pump inhibitors in the past half month, acute respiratory infections, recent 
gastrointestinal bleeding, esophageal and gastric varices, dysphagia, and esophageal cancer. Basic information on 
participants was obtained from the HIS Information System Technical Support Services, including gender, current 
smoking conditions, current drinking conditions, body mass index (BMI), hypertension, diabetes mellitus, 
gastrointestinal symptoms, family members with H. pylori infection, family histories of GC, and living area. The definition 
of current smoking and drinking in the present study was that participants engaged in smoking and/or drinking 
behavior in accordance with their personal smoking and/or drinking habits during the first 4 wk before conducting the 
string test. Gastrointestinal symptoms included abdominal pain, fullness, heartburn, dysphagia, and anorexia.

Determination of H. pylori infection and steps for string-test
Urea Breath Test (UBT) was performed with The Kit For 13C-Urea Breath Test (Haiderun Pharmaceutical Group Co. Ltd., 
Beijing, China). After the initial baseline breath samples were collected, participants fasting for at least two hours ingested 
100-mg 13C-labelled reagent. Breath samples exhaled after 30 min were analyzed by the WLD600C13C Analyzer 
(Haiderun Pharmaceutical Group Co. Ltd., Beijing, China).

A positive indicator of H. pylori infection was determined according to the manufacturer's instructions. Participants 
positive for UBT underwent the string-test. A gelatine capsule containing a 90-cm-long string of absorbent cotton 
(Shenzhen Hongmed-Infagen Co. Ltd., China) was swallowed by subjects after an overnight fast, along with 300 mL of 
water. One hour later, researchers withdrew the string, cut it at the designated position with a pair of sterile scissors, and 
discarded the proximal section to preclude oral contamination. The gastric-fluid-soaked portion was transferred into 
storage solution supplied in vials. All samples were sent to Shenzhen Hongmed-Infagen Co. Ltd. at ambient temperature 
for processing.

H. pylori infection and antibiotic resistance determination by qPCR
Genomic DNA was extracted by following the manufacturer's guidelines with H. pylori DNA extraction kit (Hongmed-
Infagen Co. Ltd.). The Real-time PCR System Gentier 96R (Tianlong Technology Co. Ltd.) carried on the amplification to 
detect the presence of the specific ureA gene and the point mutations of 23S rRNA (A2142G, A2143G, and A2142C) and 
gyrA (260T, 261A, 261G, 271A, 271T, and 272G), which represented CLA and quinolone resistance, respectively. The 
cycling program included an initial cycle of 2 min at 42°C, then 2 min at 95°C, proceeded by 40 denaturation cycles of 10s 
at 95°C and 45s at 58°C for extension and annealing.

Susceptibility-guided treatment and empiric treatment
The susceptibility-guided treatment group enrolled participants with antibiotic susceptibility results. They received 
bismuth-based quadruple therapy based on The Fifth Chinese National Consensus Report on the management of H. pylori 
infection[19]. The quadruple therapy consisted of bismuth 200 mg bid, PPI (rabeprazole 20 mg or ilaprazole 5 mg) bid, 
and two types of antibiotics. Antibiotics were selected according to the antibiotic susceptibility outcomes, two of the 
following: Amoxicillin 1000 mg bid, CLA 500 mg bid, furazolidone 100 mg bid, LFX 500 mg qd, minocycline hydro-
chloride 100 mg bid. Bismuth and PPI were administered orally before meals and antibiotics after meals. The treatment 
course lasted 14 d and a follow-up UBT was performed at least 4 wk after treatment.

We retrospectively reviewed UBT and treatment records of the First Affiliated Hospital of China Medical University 
from October 2020 to June 2023 to assess the H. pylori eradication rates. Researchers reviewed treatment regimens and 
screened patients who received therapies at least once. Of the patients screened, those who met all the following criteria 
were recruited in the empiric treatment group: with both pre- and post-treatment UBT results, a complete course of 
bismuth quadruple therapy, and being prescribed a PPI of either rabeprazole or ilaprazole. Eradication rates of H. pylori 
were evaluated by intention-to-treat (ITT; including individuals enrolled in studies analyzing eradication therapies) and 
per-protocol (PP; eradication therapies) analyses.
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Statistical analyses
The statistical software SPSS (version 18.0; SPSS Inc., Chicago, IL, United States) was used to perform all the statistical 
analyses. Categorical data were presented as numbers and percentages. Continuous data were presented as mean ± SD. 
The demographic data on participants were processed using descriptive statistical analysis. Chi-square test was applied 
to compare differences between groups. Fisher’s exact test was applied when over 20% of the expected counts were below 
5. The factors that could influence antibiotic resistance were analyzed by univariate analysis. A binary logistic regression 
model was used to calculate the odds ratios (ORs) and 95% confidence intervals (95%CIs) of different variables related to 
antibiotic resistance. P value less than 0.05 in two tails was considered statistically significant.

RESULTS
Baseline characteristics of participants
In total, 154 participants with positive UBT results were recruited in the present study. A total of 132 (85.7%) H. pylori 
ureA-positive subjects were evaluated, of which group baseline characteristics were summarized in Table 1. Most 
participants are from urban areas (103; 78.0%), and nearly half are females (71; 53.8%). The mean age and standard 
deviation of 132 adults was 52.7 ± 12.6, with a range from 18 to 78 years old. Most participants (83; 62.9%) have gastric 
symptoms, but only a minority of individuals whose family members were with H. pylori infection (41; 31.1%) and who 
had a family history of GC (16; 12.1%). Almost half (61; 46.2%) were overweight in terms of BMI. Besides, a small 
proportion of participants conducted current drinking, current smoking, were diagnosed with hypertension, and were 
diagnosed with diabetes, in descending order of 19.7%, 17.4%, 16.7%, and 11.4%, respectively.

Secondary antibiotic resistance rate and patterns of H. pylori
The secondary resistance rates to CLA and LFX were observed in 82.6% (n = 109) and 69.7% (n = 92) of the ureA positive 
subjects, respectively, which represented quite high levels (Figure 1). Of these, 82 isolates were resistant to both 
antibiotics, with a dual resistance rate of 62.1%. A total of 28.0% (n = 37) of the population was monoresistant, inferior to 
that of the dual-resistant population. Among these 37 subjects, the greatest number was resistant to CLA (27; 20.5%), 
leaving 10 subjects resistant to LFX. The least number of subjects were sensitive to both antibiotics, at 9.9% of 13 ones. 
Antibiotic resistance patterns of H. pylori are shown in Table 2.

Risk factors associated with antibiotic resistance of H. pylori
The chi-square results indicated that subjects with gastrointestinal symptoms and CLA-resistance differed significantly (P 
= 0.034). Another significant difference was observed between LFX-resistance and residential region (P = 0.008). As for 
the other factors, CLA-resistance differed from age and current smoking status, whereas LFX-resistance differed from 
age. However, these differences were not significant, with P values at 0.068, 0.076, and 0.060, respectively. No other 
associations were discovered between antibiotic resistance and patient characteristics, including gender, current drinking 
conditions, BMI, hypertension, diabetes mellitus, family members with H. pylori infection, and family histories of GC (P > 
0.05; Table 3).

Furthermore, age, current smoking status, gastric symptoms, and residence region were included in the binary logistic 
regression analysis to assess their association with antibiotic resistance. The analysis revealed that patients with 
gastrointestinal symptoms were more likely to develop CLA-resistance (OR = 2.782; 95%CI: 1.076-7.194; P = 0.035). 
Patients living in rural areas were more likely to develop resistance to LFX than those living in urban areas (OR = 5.152; 
95%CI: 1.407-18.861; P=0.013; Table 4).

Eradication rates of the susceptibility-guided and empiric treatments
A total of 102 and 100 individuals received susceptibility-guided therapies with antimicrobial susceptibility tests and 
empiric treatment, respectively. Demographic information of the two groups was summarized in Table 5. All of them 
were included in the ITT analysis. Among the 102 individuals with susceptibility-guided therapies, 13 were lost to follow-
up and 4 did not retest UBT. Overall, 85 of them with follow-up UBT values were included in the PP analysis. Different 
bismuth-based quadruple therapies regimens were shown in Figure 2. For the empiric treatment group, we screened 100 
records from the hospital database that met the aforementioned criteria. With 10 missing following-up and 6 Lacking 
UBT, 84 participants were finally included in the PP analysis. Therapy regimens were shown in Figure 3. For the 
antibiotic-susceptibility-guided treatment and empiric treatment groups, the eradication rates in the ITT analyses were 
75.5% (77/102) and 59.0% (59/100), respectively. In the PP analyses, the eradication rates were 90.6% (77/85) and 70.2% 
(59/84), respectively (Table 6). In addition, a significantly difference was found between these two treatment strategies 
both in the ITT (P = 0.001) and PP analyses (P = 0.012).

DISCUSSION
CLA is the first-line antibiotic for H. pylori eradication[19]. When the efficacy of CLA-based regimens has been declining, 
LFX has been adopted as a second-line treatment option[26]. Unfortunately, H. pylori has exhibited growing resistances to 
both drugs, contributing to a global increase in treatment failure rates[27]. In recent years, the incidence of secondary 
resistance in China has increased due to the extensive use of antibiotics[28]. Limited studies estimated secondary 
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Table 1 The baseline information of Helicobacter pylori isolates (n = 132)

Factors n %

Sex (female) 71 53.8

Age (yr, ≥ 50) 85 64.4

BMI (kg/m2, ≥ 25) 61 46.2

Current smoking 23 17.4

Current drinking 26 19.7 

Hypertension (yes) 22 16.7

Diabetes (yes) 15 11.4

Gastrointestinal symptoms (yes) 83 62.9

Family members with Helicobacter pylori infection (yes) 41 31.1

Family histories of gastric cancer (yes) 16 12.1

Residence region (urban) 103 78.0

BMI: Body mass index.

Table 2 Antibiotic resistance patterns of Helicobacter pylori strains (n = 132)

Overall (n = 132)
Type of resistance

Number of strains Resistance rate (%)

No resistance 13 9.9

Monoresistance 37 28.0

        LFX 10 7.6

        CLA 27 20.5

Double resistance 82 62.1

        CLA + LFX 82 62.1

LFX: Levofloxacin; CLA: Clarithromycin.

Figure 1 Secondary resistance rate of Helicobacter pylori strains to clarithromycin and levofloxacin.
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Table 3 Rates of antimicrobial resistance stratified by patient characteristics

Clarithromycin Levofloxacin
Characteristics

Resistant Sensitive
P value

Resistant Sensitive
P value

Age (yr)

        ≥ 50 20 11 0.068 64 21 0.060

        < 50 35 74 28 19

Gender

        Male 48 13 0.275 43 18 0.854

        Female 61 10 49 22

Current smoking

        Yes 20 3 0.076 15 8 0.607

        No 89 20 77 32

Current drinking

        Yes 24 2 0.246 17 9 0.593

        No 85 21 75 31

BMI (kg/m2)

        ≥ 24 51 10 0.772 45 16 0.345

        < 24 58 13 47 24

Hypertension

        Yes 20 2 0.363 18 4 0.175

        No 89 21 74 36

Diabetes melllitus

        Yes 11 4 0.297 10 5 0.772 

        No 98 19 82 35

Symptoms

        Yes 73 10 0.034 61 22 0.217

        No 36 13 31 18

Family members with Helicobacter pylori infection

        Yes 34 7 0.943 27 14 0.519

        No 75 16 65 26

Family histories of gastric cancer

        Yes 15 1 0.303 10 6 0.565

        No 94 22 82 34

Residence region

        Urban 83 20 0.255 66 37 0.008

        Rural 26 3 26 3

BMI: Body mass index.

resistance rates in Liaoning, a province in the northeast of China[29]. Owing to the easier and less invasive nature of the 
string-test and the more economical and simpler approaches of molecular biology methods, we detected the point 
mutations of 23S rRNA (A2142G, A2143G, and A2142C) and gyrA (260T, 261A, 261G, 271A, 271T, and 272G) by the above 
methods for H. pylori antibiotic susceptibility status determination. The results finally confirmed a pretty high rate of 
secondary resistance to CLA (82.6%) and LFX (69.7%) among the 132 ureA positive subjects (132/154; 85.7%).

The failure of the standard triple therapy eradication was mostly attributed to CLA resistance[16]. The eradication rate 
of first-line treatment in CLA-resistant cases was even as low as 59.4%, calculated by a meta-analysis, compared to 90.1% 
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Table 4 Correlations between Helicobacter pylori antibiotic resistance and characteristics of subjects

Clarithromycin Levofloxacin
Variables

OR (95%CI) P value OR (95%CI) P value

Age (yr)

        < 50 1 1

        ≥ 50 2.379 (0.924-6.125) 0.072 1.972 (0.888-4.379) 0.095

Current smoking

        No 1 1

        Yes 1.151 (0.293-4.517) 0.841 0.546 (0.192-1.557) 0.258

Symptoms

        No 1 1

        Yes 2.782 (1.076-7.194) 0.035 1.851 (0.823-4.166) 0.137

Residence region

        Urban 1 1

        Rural 1.852 (0.489-7.010) 0.364 5.152 (1.407-18.861) 0.013

OR: Odds ratio; 95%CI: 95% confidence interval.

Table 5 Characteristics of the susceptibility-guided and empiric treatment groups

Characteristics All (n, %) Susceptibility-guided treatment (n, %) Empiric treatment (n, %) P value

Age (yr) 0.448

        < 50 57 (33.7) 31 (54.4) 26 (45.6)

        ≥ 50 112 (66.3) 54 (48.2) 58 (51.8)

Gender 0.812

        Male 78 (46.2) 40 (51.3) 38 (48.7)

        Female 91 (53.8) 45 (49.5) 46 (50.5)

Table 6 Eradication rates of the susceptibility-guided and empiric treatment groups

Susceptibility-guided treatment group Empiric treatment group P value

ITT analysis 75.5% (77/102) 59.0% (59/100) 0.001

PP analysis 90.6% (77/85) 70.2% (59/84) 0.012

ITT: Intention-to-treat analysis; PP: Per-protocol analysis.

in sensitive ones[30]. A secondary CLA-resistance rate of 76.9% has been recorded in China[28], but with variation across 
geographical regions. In this study, the secondary CLA-resistance rate was 82.6%, ranking second after Lanzhou (93.8%)
[31], similar to Beijing (83.3%)[32] and Nanjing (77.8%)[33], while surpassing those in Shanghai (67.4%)[34], Nanchang 
(58.3%)[35], and Shenzhen (34.3%)[36]. The secondary resistance to CLA in China has demonstrated an increasing 
prevalence over time[32]. The significant upward trend in secondary resistance was observed after CLA-based treatments
[32,33], indicating a correlation with the frequency of therapy[18]. The rate in Liaoning achieved a high level, probably 
attributed to the regional administration of CLA. CLA has been in frequent use in China since 1995, particularly for 
respiratory diseases prevalent in the colder regions, such as Liaoning and Beijing[37,38]. It provides a plausible 
explanation for the high rate of secondary CLA-resistance in the north of China. The Maastricht V consensus[16] suggest 
that if the CLA resistance rate exceeds 15% in a certain region, PPI-CLA-containing triple therapy without prior suscept-
ibility tests should be abandoned[39]. Patients with previous CLA-containing therapy failure should not be readmin-
istered unless supported by confirmed susceptibility tests.
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Figure 2 Flow diagram of antibiotic-susceptibility-guided therapy. qPCR: Quantitative polymerase chain reaction; UBT: Urea Breath Test; ITT: Intention-
to-treat; PP: Per-protocol; A: Amoxicillin; B: Bismuth; C: Clarithromycin; F: Furazolidone; L: Levofloxacin; MH: Minocycline hydrochloride; P: Proton pump inhibitor; 
CLAR: Clarithromycin-resistant; CLAS: Clarithromycin-susceptible; LFXR: Levofloxacin-resistant; LFXS: Levofloxacin-susceptible.

The LFX-resistance rate reached up to 69.7%, similar to that in Beijing (73.3%)[32] and Lanzhou (64.6%)[31], all 
surpassing the average of 61.6% in China[28]. These high resistance rates might be attributed to the following reasons. 
LFX is widely used in China, with fewer restrictions than in western countries, is more frequently used for urogenital 
diseases and respiratory infection, and is widely used as a non-prescription drug, even in animal aquaculture and 
husbandry[40]. According to consensus recommendations, regimens containing LFX could be used as rescue treatments 
in regions with high CLA-resistance[16]. We observed such a high resistance rate to LFX that cautions should be taken 
when prescribing it in clinical settings. However, in Beijing, despite the high resistance rate to LFX, the final eradication 
rate after the LFX-based triple regimen still exceeded 80%[32]. This might demonstrate that the ultimate therapeutic effect 
does not depend solely on the resistance or susceptibility status in vitro of H. pylori to LFX.

In terms of resistance patterns, dual-resistant subjects accounted for the majority of the 132 participants (82; 62.1%), 
followed by mono-resistant subjects (28.0%). This indicated that in the studied area, the probability of eradication success 
might be improved if susceptibility tests have been confirmed.

Regarding the risk factors associated with antibiotic resistance in this study, binary logistic regression analyses 
revealed gastric symptoms as an independent risk predictor for CLA resistance. Patients with gastric symptoms, 
including abdominal pain, fullness, and heartburn, had a significantly higher probability of developing resistance to CLA 
than those without symptoms (OR = 2.782; 95%CI: 1.076-7.194; P = 0.035). Our findings were consistent with those of a 
trial conducted in Yangzhou, China[23]. Based on these results, we recommended that patients presenting with gastric 
discomfort undergo antibiotic susceptibility tests and receive precise treatments. If patients are unavailable for testing, 
gastric symptoms are an indication for physicians to avoid prescribing CLA-containing regimens. Additionally, rural 
residence was observed as an independent risk factor for LFX resistance. The LFX-resistance rate was significantly higher 
in rural residents than in urban residents (OR = 5.152; 95%CI: 1.407-18.861; P = 0.013). This might be explained by the 
casual and frequent use of LFX and the limited knowledge of H. pylori in rural areas. Thus, the administration of LFX to 
rural residents should be considered with caution. Physicians should preach to the public, especially rural residents, 
about preventing the misuse of antibiotics.

Among the risk factors investigated in the present study, age and current smoking status failed to exhibit significantly 
associations with CLA or LFX resistance. P values for age and CLA resistance, smoking and CLA resistance, and age and 
LFX resistance showed 0.068, 0.076, and 0.060, respectively, which were near critical values. Some articles reached the 
conclusion that age was an independent risk factor for antibiotic resistance[31,34,41]. In our study, the LFX resistance rate 
was higher in the age group above 50 (64/82), suggesting a potential age-related trend. However, in the CLA-resistant 
population, no age-related trends were observed, presumably associated with other variables, such as the method of 
classifying age groups. As for the association between smoking and CLA-resistance, it remained unclear and required 
further investigations.
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Figure 3 Empiric eradication treatment regimens of Helicobacter pylori infection. UBT: Urea Breath Test; ITT: Intention-to-treat; PP: Per-protocol; A: 
Amoxicillin; B: Bismuth; C: Clarithromycin; F: Furazolidone; L: Levofloxacin; MH: Minocycline hydrochloride; P: Proton pump inhibitor.

From the perspective of treatment efficacy, our study achieved acceptable eradication rates (90.6% by ITT and 75.5% by 
PP), similar to the results of other studies based on susceptibility-guided treatments[42,43]. These outcomes were 
significantly higher than those in the empiric treatment group (70.2% by ITT and 59.0% by PP) (P = 0.001 by ITT and P = 
0.012 by PP). Achieving such a satisfactory result demonstrated that it is feasible for patients with previous eradication 
failures to perform antibiotic susceptibility tests based on qPCR by string-test.

The present study has limitations. Firstly, the analysis and derivation of antibiotic resistance data were based on data 
from a single hospital in Liaoning Province. A degree of bias might exist, although participants attending this large 
tertiary hospital come from across the province. Furthermore, certain risk factors approached critical values without 
reaching significance. Future studies should include larger sample sizes. In the future, we aim to conduct multicenter 
studies across various regions of the province to obtain a more comprehensive profile of antibiotic resistance in Liaoning. 
We will also endeavor to expand our sample size to provide more specific population characteristics. Nonetheless, as one 
of the few articles demonstrating secondary resistance in the northeast of China, this study still offered valuable insights 
into the possibility of eradication success in patients who had failed previous treatments once or more times.

CONCLUSION
Secondary resistance rates to CLA and LFX in Liaoning were high, both exceeding the average resistance rates in China. 
Patients with gastric symptoms and residing in rural areas were at higher risk of developing resistance to CLA and LFX, 
respectively. For patients who have failed previous eradications, antibiotic-guided treatments based on susceptibility 
results were more effective than empiric treatments. Therefore, it is crucial for clinicians to provide a regional treatment 
regimen based on regional antibiotic resistance patterns, combined with the patients’ previous antibiotic exposure, the 
presence of gastric symptoms, and their region of residence.

ARTICLE HIGHLIGHTS
Research background
Decreased success eradication rates of Helicobacter pylori (H. pylori) have received much attention in recent years, mainly 
due to the increasing resistance to antibiotics. Hence, the rates and patterns of resistance of H. pylori to antibiotics need to 
be explored.
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Research motivation
Susceptibility-guided therapy based on antibiotic susceptibility test improved H. pylori eradication rates. We evaluated 
the antibiotic resistance rate of H. pylori, performed precision treatment therapies, and compared the efficacy with empiric 
treatment therapies. It provided a reference for eradication therapy in regions in the northeast of China.

Research objectives
To investigate secondary resistance rates, explore risk factors for antibiotic resistance, and assess the efficacy of suscept-
ibility-guided therapy.

Research methods
We observed antibiotic resistance rates of H. pylori and performed a single-center, clinical trial with the susceptibility-
guided eradication regimen.

Research results
Clarithromycin (CLA) and levofloxacin (LFX) resistance rates were 82.6% and 69.7%, respectively. Gastric symptoms and 
rural residence were independent risk factors for secondary resistance to CLA and LFX, respectively. The overall suscept-
ibility-guided eradication rates calculated using intention-to-treat and per-protocol analyses were 90.6% and 75.5%, 
respectively, both higher than rates with empiric treatment therapies.

Research conclusions
H. pylori presented high secondary resistance rates to CLA and LFX. For patients with previous treatment failures, 
treatments guided by antibiotic susceptibility tests showed good eradication efficacy.

Research perspectives
Large-scale, multi-center observed researches in various regions of the province are needed to obtain a more compre-
hensive profile of antibiotic resistance in Liaoning. It will be necessary to compare the safety, medication adherence and 
cost-effectiveness of the susceptibility-guided eradication regimen with the empiric eradication regimen in the future.
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