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ABSTRACT
Background and aim: Efficacy ofHelicobacter pylori (H. pylori) eradication is related
to the local antimicrobial resistance epidemiology. We aimed to investigate the
antibiotic resistance of H. pylori in Fujian, China.
Methods: H. pylori-infected patients in four centers were enrolled in the study from
Oct 2019 to Jan 2022. The bacteria were isolated, cultured and identified from the
biopsy of patients’ gastric mucosa samples. Antimicrobial susceptibility testing was
performed by a modified broth microdilution method for H. pylori to seven
guideline-recommended antibiotics and seven potential choices for H. pylori
eradication.
Results: A total of 205 H. pylori strains were isolated. The resistance rates of
amoxicillin (AMX), amoxicillin and clavulanate potassium (AMC), cefixime (CFM),
gentamicin (GEN), tetracycline (TET), doxycycline (DOX), azithromycin (AZM),
clarithromycin (CLR), levofloxacin (LVFX), sparfloxacin (SPFX), metronidazole
(MTZ), tinidazole (TID), rifampicin (RFP) and furazolidone (FZD) were 11.22%,
12.20%, 7.32%, 12.20%, 4.88%, 4.39%, 44.39%, 43.90%, 30.24%, 21.46%, 40.98%,
45.85%, 5.37% and 10.24%, respectively. The rates of pan-sensitivity, single, double,
triple and multiple resistance for seven guideline-recommended antibiotics were
32.68%, 30.24%, 13.17%, 7.76%, and 14.15%, respectively. The main
double-resistance patterns were CLR+MTZ (10/205, 5%) and CLR+LVFX (9/205,
4%). The main triple-resistance pattern was CLR+MTZ+ LVFX (15/205, 7%).
Conclusions: In Fujian, the prevalence of H. pylori resistance to AZM, CLR, LVFX,
SPFX, MTZ, and TID was high, whereas that to AMX, AMC, GEN, CFM, TET, DOX,
RFP and FZD was relatively low. CFM and DOX are promising new choices for
H. pylori eradication.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacillus that is estimated to infect almost
half of the world’s population (Hooi et al., 2017). H. pylori was categorized as a type 1
carcinogen in 1994 by the International Agency for Research on Cancer (1994).
Subsequently, persistent infection has been demonstrated to be associated with the
development of severe gastric complications (Yamaoka, 2018), such as gastric cancer,
peptic ulcer, chronic gastritis, andMALT-lymphoma. The prevalence ofH. pylori infection
in China was high, with a mean prevalence of 55% during 1983–2013 (Nagy, Johansson &
Molloy-Bland, 2016). Gastric cancer is the second and third most common cancer in men
and women, respectively, in China. In 2015, there were 679,100 estimated new cases of
gastric cancer in China, which remained the second leading cause of cancer-related deaths
in both men and women (Chen et al., 2015). Moreover, the occurrence of gastric cancer is
concentrated in the central and eastern areas of China (Sun, Zheng & Zhang, 2019). Fujian
Province is located in the east of China and is one of the regions with the highest incidence
in China. Numerous studies (Lee et al., 2016; de Martel et al., 2012; Gonzalez et al., 2012)
have shown that up to 90% of gastric cancers can be attributed to H. pylori infection;
therefore, elimination of this bacterium should be an effective strategy to reduce gastric
cancer.

However, the optimization of H. pylori eradication therapy remains an ongoing
challenge worldwide. The efficacy of clarithromycin-containing regimens has fallen below
80% in many Asian countries (Nishizawa et al., 2015; Chung et al., 2016), which is
unacceptable in clinical practice owing to the rising prevalence of clarithromycin resistance
(Kuo et al., 2017; Arslan, Yilmaz & Demiray-Gurbuz, 2017). Among the reasons for
treatment failure, antibiotic resistance is a key element in the treatment of H. pylori
infection (Megraud, 2018). Moreover, H. pylori resistance to antibiotics has reached
alarming levels worldwide (Kuo et al., 2017). Therefore, obtaining information on the local
primary antibiotic resistance of H. pylori is of great importance in guiding its treatment.
In addition, it is critical to seek novel and effective therapeutic drugs for H. pylori
eradication in an era of increasing antibiotic resistance.

Amoxicillin (AMX), tetracycline (TET), clarithromycin (CLR), levofloxacin (LVFX),
metronidazole (MTZ), rifampicin (RFP), and furazolidone (FZD) are seven antibiotics
recommended by guidelines (Malfertheiner et al., 2022; Liu et al., 2018). Up to now, there
has been a lot of research on these drugs, but there is still a lack of research on new drugs,
such as amoxicillin and clavulanate potassium(AMC), cefixime (CFM), gentamicin (GEN),
doxycycline (DOX), azithromycin (AZM), sparfloxacin (SPFX), and tinidazole (TID),
which may replace some of those recommended by guidelines. Our study aimed to assess
the prevalence of H. pylori primary resistance to seven guideline-recommended antibiotics
as mentioned above and seven potential choices for the treatment of H. pylori in Fujian,
China.
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MATERIALS AND METHODS
Patients
Patients were enrolled in this study from four centers from Oct 2019 to Jan 2022 in Fujian
Province, China. They were the Fujian Provincial Hospital (Fuzhou, Fujian, China),
Fuzhou First Hospital (Fuzhou, Fujian, China), Xiamen Hospital of Traditional Chinese
Medicine (Xiamen, Fujian, China), and Pucheng Hospital (Nanping, Fujian, China).
All patients were >18 years of age. Patients who had malignant tumors, endoscopy
contraindications, or took antibiotics, proton pump inhibitors (PPI), H2 receptor
antagonists, bismuth, and other drugs 4 weeks before enrollment in the study were all
excluded from the study. General information of the patients was recorded, including age,
sex, endoscopic diagnosis results, and telephone number. This study was approved by the
Ethics Committee of the Fujian Provincial Hospital (Approval No. K2019-08-008) and
informed consent was obtained from each patient.

Isolation and identification of H. pylori strains
During gastroscopy, a single biopsy specimen was obtained from the antrum of the
stomach of each patient to determine the presence of H. pylori using a rapid urease test.
If the test results were positive, two additional gastric mucosal biopsy specimens were
collected from the antrum and corpus and stored in a liquid medium containing brain
heart immersion broth, 10% calf serum, vancomycin 10 mg/L, methomycin 5 mg/L,
cefsulodin 5 mg/L and diclofenac B 5 mg/L (manufactured by Zhuhai Yeoman
Bioengineering Products Factory) for H. pylori culture. The H. pylori isolates were
identified by the presence of curved gram-negative rods and positive reactions to the
urease, catalase, and oxidase tests.

Antibiotic susceptibility testing of H. pylori strains
Antimicrobial susceptibility testing was performed using the modified broth microdilution
method for H. pylori strains to 14 antibiotics, including amoxicillin (AMX), amoxicillin
and clavulanate potassium (AMC), cefixime (CFM), gentamicin (GEN), tetracycline
(TET), doxycycline (DOX), azithromycin (AZM), clarithromycin (CLR), levofloxacin
(LVFX), sparfloxacin (SPFX), metronidazole (MTZ), tinidazole (TID), rifampicin (RFP),
and furazolidone (FZD). The plates were provided by Zhuhai Yeoman Bioengineering
Products Factory. The standard strain ATCC43504 (provided by Shanghai Bioplus
Biotechnology Company) was used as a control. Bacterial cultures were diluted in fresh
serum-containing brain heart immersion broth at a ratio of 1:100 to produce an inoculum
yielding approximately 2 × 106 colony forming units (CFU)/ml. Two dilution
concentrations of each antibiotic were available, one of which was the breakpoint
concentration of the antibiotic, and 200 ml of bacterial dilution is added to each well.
Separate antibiotic-free medium and antibiotic-free bacteria-containing medium were
used as controls. The plates were covered with adhesive seals and incubated at 37 �C for
72 h. A total of 2,3,5-Triphenyltetrazolium chloride (TTC) was used to indicate bacterial
growth, where red color indicated bacterial growth and no color change (yellow) indicated
no bacterial growth.
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Antibiotic powders AMX, CLR, and LVFX were purchased from BioDuly Biotechnology
Co. Ltd., (Nanjing, China), and AMC, CFM, GEN, TET, DOX, AZM, SPFX, MTZ, TID,
RFP and FZD were from Meilun Biotechnology Co. Ltd. (Dalian, China). If the bacteria
grew at the breakpoint concentration of these antibiotics, the bacteria were judged to be
resistant to the antibiotic, and conversely are judged to be sensitive. Some breakpoints were
established in accordance with the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) (2023), which indicated a resistance breakpoint of >8 mg/L for MTZ, >1
mg/L for LEV, and >1 mg/L for RFP. Additionally, previous studies (Bai et al., 2015; Su
et al., 2013; Ji et al., 2016) were referenced to determine breakpoints for other antibiotics,
including ≥2 mg/L for AMX, >0.5 mg/L for CLA, >1 mg/L for AZM, >1 mg/L for CFM, ≥16
mg/L for GEN, ≥2 mg/L for FZD, and ≥4 mg/L for TET. The study utilized consistent
resistance breakpoints for the same class of drugs for the rest of antibiotics, including
≥2 mg/L for AMC, ≥4 mg/L for DOX, >8 mg/L for TID, >1 mg/L for SPFX.

Statistical analysis
All data in this study were analyzed using R 4.0 (R Core Team, 2020). The UpSet plot was
used to visualize the intersections of the drug resistance sets. Differences of resistance rates
in different age, sex, and disease groups were assessed using the chi-square test, P < 0.05
was regarded as statistically significant.

RESULTS
Patient characteristics and endoscopic data
A total of 205 H. pylori strains were successfully isolated from the biopsy patients’ gastric
mucosa samples (90 women and 115 men; age range, 18–79 years; mean age, 45 ± 13.47
years). The endoscopic diagnoses were as follows: chronic superficial gastritis, 52/205
(25.4%); chronic atrophic gastritis, 108/205 (52.7%); and peptic ulcer, 45/205 (22%).

Antibiotic resistance of H. pylori to 14 antibiotics
The rates of antibiotic resistance to AMX, AMC, CFM, GEN, TET, DOX, AZM, CLR,
LVFX, SPFX, MTZ, TID, RFP, and FZD were 11.22%, 12.20%, 7.32%, 12.20%, 4.88%,
4.39%, 44.39%, 43.90%, 30.24%, 21.46%, 40.98%, 45.85%, 5.37% and 10.24%, respectively
(Fig. 1).

Multiple antibiotic resistance of H. pylori to seven antibiotics recom-
mended by guidelines
In our study, only 32.68% of patients were susceptible to all seven guideline-recommended
antibiotics. The rates of pan-sensitivity, single resistance, double resistance, triple
resistance, and multiple resistance were 32.68%, 30.24%, 13.17%, 7.76%, and 14.15%,
respectively (Fig. 2). The resistance patterns are shown in Fig. 3. The main
double-resistance patterns were CLR+MTZ (10/205, 5%) and CLR+LVFX (9/205, 4%).
The main triple-resistance pattern was CLR+MTZ+LVFX (15/205, 7%).

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 4/14

http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/


Figure 1 Resistance of Helicobacter pylori to 14 antibiotics in Fujian. AMX, amoxicillin;
AMC, amoxicillin and clavulanate potassium; CFM, cefixime; GEN, gentamicin; TET, tetracycline; DOX,
doxycycline; AZM, azithromycin; CLR, clarithromycin; LVFX, levofloxacin; SPFX, sparfloxacin; MTZ,
metronidazole; TID, tinidazole; RFP, rifampicin; FZD, furazolidone.

Full-size DOI: 10.7717/peerj.15611/fig-1

Figure 2 Multiple resistance of Helicobacter pylori to seven guideline-recommended antibiotics in
Fujian. The vertical axis represents the number of co-resistant antibiotics.

Full-size DOI: 10.7717/peerj.15611/fig-2
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Impact of sex, age and disease patterns on H. pylori antibiotic
resistance
The AMC resistance rate in the female group was lower than that in the male group (6.67%
vs. 16.52%, P = 0.032). For the other 13 antibiotics, there was no difference in the resistance
rates by sex (Fig. 4). No significant differences were detected in antibiotic resistance among
the different age groups (Fig. 5). Similarly, there were no statistically significant differences
among the different disease patterns (Table 1).

DISCUSSION
H. pylori gastritis should be defined as an infectious disease, irrespective of symptoms and
complications, such as peptic ulcers and gastric cancer (Sugano et al., 2015).
Antibiotic-based therapies play a key role in the treatment of infectious diseases. However,

Figure 3 Multiple resistance patterns of Helicobacter pylori to seven guideline-recommended
antibiotics in Fujian. The horizontal axis represents various antibiotic resistance patterns with black
dot. AMX, amoxicillin; AMC, amoxicillin and clavulanate potassium; CFM, cefixime; GEN, gentamicin;
TET, tetracycline; DOX, doxycycline; AZM, azithromycin; CLR, clarithromycin; LVFX, levofloxacin;
SPFX, sparfloxacin; MTZ, metronidazole; TID, tinidazole; RFP, rifampicin; FZD, furazolidone.

Full-size DOI: 10.7717/peerj.15611/fig-3
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Figure 4 Impact of sex on Helicobacter pylori resistance. AMX, amoxicillin; AMC, amoxicillin and
clavulanate potassium; CFM, cefixime; GEN, gentamicin; TET, tetracycline; DOX, doxycycline; AZM,
azithromycin; CLR, clarithromycin; LVFX, levofloxacin; SPFX, sparfloxacin; MTZ, metronidazole; TID,
tinidazole; RFP, rifampicin; FZD, furazolidone. Full-size DOI: 10.7717/peerj.15611/fig-4

Figure 5 Impact of age on Helicobacter pylori resistance. AMX, amoxicillin; AMC, amoxicillin and
clavulanate potassium; CFM, cefixime; GEN, gentamicin; TET, tetracycline; DOX, doxycycline; AZM,
azithromycin; CLR, clarithromycin; LVFX, levofloxacin; SPFX, sparfloxacin; MTZ, metronidazole; TID,
tinidazole; RFP, rifampicin; FZD, furazolidone. Full-size DOI: 10.7717/peerj.15611/fig-5
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the serious challenge of high antimicrobial resistance ofH. pylori decreases the efficiency of
the first-line treatment. Understanding the prevalence of local antibiotic resistance can
provide useful information for the selection of treatment strategies. To our knowledge, this
is the first multicenter study in Fujian, China to evaluate antibiotic resistance profile of
H. pylori to so many antibiotics. Recent guidelines recommend amoxicillin, clarithromycin
and other five antibiotics. However it is important to seek novel and effective drugs for
H. pylori eradication in an era of increasing antibiotic resistance.

In our study, we showed that the prevalence ofH. pylori resistance to AZM, CLR, LVFX,
SPFX, MTZ, and TID was high, whereas the prevalence of H. pylori resistance to AMX,
AMC, CFM, TET, DOX, RFP, and FZD was relatively low in Fujian, China.
Clarithromycin, metronidazole, and levofloxacin are the most commonly used antibiotics
for H. pylori treatment; thus, their resistance has been widely studied. In our study, the
resistance rates to the three antibiotics were all >30%, similar to other regions of China
(Bai et al., 2015; Su et al., 2013), but higher than those in the Americas, Europe, and
South-East Asia (Savoldi et al., 2018). CLR+MTZ, CLR+LVFX, and CLR+MTZ+LVFX
were the main multiple resistance patterns; therefore, these three antibiotics should not be
used simultaneously to treat H. pylori. Additionally, resistance rates to clarithromycin,
metronidazole, and levofloxacin have increased over time in all WHO regions (Savoldi
et al., 2018). This may be due to macrolide and quinolone consumption for other
infections in the community.Megraud et al. (2021) found a significant association between
H. pylori resistance to clarithromycin and community consumption of macrolides, and

Table 1 Impact of disease patterns on Helicobacter pylori resistance.

Antibiotics Diagnosis P

CSG n(%) CAG n(%) PU n(%)

AMX 8/52 (15.38) 9/108 (8.33) 6/45 (13.33) 0.366

AMC 6/52 (11.54) 13/108 (12.04) 6/45 (13.33) 0.962

CFM 4/52 (7.69) 8/108 (7.41) 3/45 (6.67) 0.980

GEN 5/52 (9.62) 15/108 (13.89) 5/45 (11.11) 0.718

TET 5/52 (9.62) 4/108 (3.70) 1/45 (2.22) 0.172

DOX 3/52 (5.77) 3/108 (2.78) 3/45 (6.67) 0.482

AZM 19/52 (36.54) 51/108 (47.22) 21/45 (46.67) 0.418

CLR 18/52 (34.62) 50/108 (46.30) 22/45 (48.89) 0.283

LVFX 17/52 (32.69) 32/108 (29.63) 15/45 (33.33) 0.872

SPFX 12/52 (23.08) 21/108 (19.44) 11/45 (24.44) 0.749

MTZ 15/52 (28.85) 52/108 (48.15) 17/45 (37.78) 0.059

TID 21/52 (40.38) 56/108 (51.85) 17/45 (37.78) 0.185

RFP 2/52 (3.85) 4/108 (3.70) 5/45 (11.11) 0.153

FZD 5/52 (9.62) 13/108 (12.04) 3/45 (6.67) 0.599

Note:
CSG, chronic superficial gastritis; CAG, chronic astropic gastritis; PU, peptic ulcer; AMX, amoxicillin; AMC, amoxicillin
and clavulanate potassium; CFM, cefixime; GEN, gentamicin; TET, tetracycline; DOX, doxycycline; AZM, azithromycin;
CLR, clarithromycin; LVFX, levofloxacin; SPFX, sparfloxacin; MTZ, metronidazole; TID, tinidazole; RFP, rifampicin;
FZD, furazolidone.
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between H. pylori resistance to levofloxacin and consumption of quinolones and
second-generation quinolones.

According to the Maastricht VI/Florence Consensus Report (Malfertheiner et al., 2022),
triple clarithromycin-containing therapy should only be used after determining the
susceptibility of H. pylori to antimicrobials in regions with high rates of resistance to
clarithromycin (>15%). Therefore, susceptibility testing for CLR before
clarithromycin-containing therapy should be proposed in Fujian. Metronidazole can be
used at increasing doses to overcome bacterial resistance, but its side effects also increase.

Both CLR and AZM are macrolide antibiotics, LVFX and SPFX are quinolone
antibiotics, and MTZ and TID are nitroimidazole antibiotics. Our study demonstrated that
the resistance profiles of AZM, SPFX, and TID were all as high as those of their peers.
One reason for this may be the cross-resistance that exists in them. The other reason may
be their broad use in treating other infections in Fujian. For example, AZM is a
broad-spectrum therapeutic used to treat bronchitis, pneumonia, sexually transmitted
diseases, and infections of the ears, lungs, sinuses, skin, throat, and reproductive organs
(Firth & Prathapan, 2020).

Unlike CLR, LVFX, and MET, H. pylori resistance to TET, RFP, and FZD has remained
low and stable in Fujian and worldwide in recent years (Savoldi et al., 2018). However, they
are not readily available in local clinical practice.

Doxycycline (DOX) and minocycline are second-generation tetracycline antibiotics
with similar chemical structures and antibacterial spectra; however, DOX is inexpensive.
Gu et al. (2019) demonstrated that 14-day bismuth-containing quadruple therapy with
amoxicillin and doxycycline achieved an eradication rate of 93.8% (105/112; 95% CI
[89.2–98.3]) in the per-protocol analysis and 89.8% (106/118; 95% CI [84.3–95.4]) in the
intention-to-treat analysis. A meta-analysis also reported that 7-day and 10-day quadruple
therapy with doxycycline might be an optional and effective eradication regimen as
first-line therapy against H. pylori infection in clinical practice (Zhao et al., 2021).
Moreover, some studies have reported that DOX is more effective than antibiotic and has a
number of non-antibiotic effects, such as anti-inflammatory, anti-oxidant,
neuroprotective, immunomodulatory, and anti-apoptotic effect (Gomes & Fernandes,
2007; O’Dell et al., 2006; Singh, Khanna & Kalra, 2021). Therefore, DOX may be a new
choice for H. pylori eradication in Fujian, and AMX and AMC are both members of
penicillin. AMX is the core medicine for the eradication of H.pylori because H. pylori
remains susceptible to AMX long-term, as demonstrated in our study and other studies
(Bai et al., 2015; Su et al., 2013). In addition, AMX is widely available and has few adverse
effects. However, a penicillin skin test should be conducted before the use of AMX, which
is inconvenient for patients. Approximately 5–15% of people are allergic to penicillin or
have a positive skin test (Blumenthal et al., 2019), therefore unsuitable for taking
amoxicillin. Effective treatments forH. pylori-infected patients especially for those who are
allergic to penicillin are still lacking.

Furazolidone and tetracycline were recommended by the Fifth Chinese National
Consensus Report on the Management of H. pylori Infection for patients allergic to
penicillin. Because they have low antibiotic resistance, but they are not easily available in
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clinical practice, and the risk of side effects is also relatively high. Cefixime is a third
generation cephalosporin. Cephalosporins and penicillin are β-lactam antibiotics that
share a similar bactericidal mechanism (Fagoonee et al., 2013). Fera, Carbone & Foca
(1993) evaluated the in vitro activities of 19 antimicrobial agents against 18 strains of
H. pylori, and found that among cephalosporins, cefixime had the highest antibacterial
activity. In vitro antimicrobial sensitivity testing demonstrated a low resistance rate for
cephalosporins in H. pylori (similar to that of amoxicillin) (Samra et al., 2002).
Our findings also showed that the resistance of H. pylori to cefixime was relatively low. A
few clinical studies revealed that cefixime-containing regimens achieve relatively
satisfactory eradication rates (Fu et al., 2017; Tatsuta et al., 1990).

In conclusion, the prevalence of H. pylori resistance to AZM, CLR, LVFX, SPFX, MTZ,
and TID was high, whereas the prevalence of H. pylori resistance to AMX, AMC, GEN,
CFM, TET, DOX, RFP, and FZD was relatively low in Fujian. CFM and DOX are
promising new choices for H. pylori eradication.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This research was jointly supported by the Natural Science Foundation of Fujian Province
(Grant no. 2020J011087, 2022J01121025), the Medical Innovation Project of Fujian
Provincial Health Commission (Grant no. 2020CXA006), the Zhuhai Science and
Technology Project (Grant no. 20171009E030078), and the Startup Fund for Scientific
Research of Fujian Medical University (Grant no. 2020QH1258). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Natural Science Foundation of Fujian Province: 2020J011087 and 2022J01121025.
Medical Innovation Project of Fujian Provincial Health Commission: 2020CXA006.
Zhuhai Science and Technology Project: 20171009E030078.
Startup Fund for Scientific Research of Fujian Medical University: 2020QH1258.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Xueping Huang conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

� Baihe Wu conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

� Qiuzhao Chen performed the experiments, authored or reviewed drafts of the article,
and approved the final draft.

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 10/14

http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/


� Yushan Chen performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

� Xinhua Ji performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

� Xiang Zhou performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

� Biao Suo performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

� Zhihui Lin conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Xiaoling Zheng conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Ethics Committee of the Fujian Provincial Hospital approved the study (Approval
No. K2019-08-008).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.15611#supplemental-information.

REFERENCES
Arslan N, Yilmaz O, Demiray-Gurbuz E. 2017. Importance of antimicrobial susceptibility testing

for the management of eradication in Helicobacter pylori infection. World Journal of
Gastroenterology 23(16):2854–2869 DOI 10.3748/wjg.v23.i16.2854.

Bai P, Zhou LY, Xiao XM, Luo Y, Ding Y. 2015. Susceptibility of Helicobacter pylori to antibiotics
in Chinese patients. Journal of Digestive Diseases 16(8):464–470 DOI 10.1111/1751-2980.12271.

Blumenthal KG, Peter JG, Trubiano JA, Phillips EJ. 2019. Antibiotic allergy. The Lancet
393:183–198 DOI 10.1016/S0140-6736(18)32218-9.

Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J. 2015. Cancer
statistics in China, 2015. CA: A Cancer Journal for Clinicians 66(2):115–132 2016
DOI 10.3322/caac.21338.

Chung JW, Han JP, Kim KO, Kim SY, Hong SJ, Kim TH, Kim CW, Kim JS, Kim BW,
Bang BW, Kim HG, Yun SC. 2016. Ten-day empirical sequential or concomitant therapy is
more effective than triple therapy for Helicobacter pylori eradication: a multicenter, prospective
study. Digestive and Liver Disease 48(8):888–892 DOI 10.1016/j.dld.2016.05.005.

de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman D, Plummer M. 2012. Global
burden of cancers attributable to infections in 2008: a review and synthetic analysis. The Lancet
Oncology 13(6):607–615 DOI 10.1016/S1470-2045(12)70137-7.

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 11/14

http://dx.doi.org/10.7717/peerj.15611#supplemental-information
http://dx.doi.org/10.7717/peerj.15611#supplemental-information
http://dx.doi.org/10.7717/peerj.15611#supplemental-information
http://dx.doi.org/10.3748/wjg.v23.i16.2854
http://dx.doi.org/10.1111/1751-2980.12271
http://dx.doi.org/10.1016/S0140-6736(18)32218-9
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.1016/j.dld.2016.05.005
http://dx.doi.org/10.1016/S1470-2045(12)70137-7
http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/


European Committee on Antimicrobial Susceptibility Testing (EUCAST). 2023. Breakpoint
tables for interpretation of MICs and zone diameters. Version 13.0. Available at http://www.
eucast.org.

Fagoonee S, Astegiano M, Smedile A, Pellicano R. 2013. Efficacy of cefixime-based triple therapy
for Helicobacter pylori eradication: a retrospective study. Panminerva Medica 55:309–310.

Fera MT, Carbone M, Foca A. 1993. Activity of cefixime against Helicobacter pylori. International
Journal of Antimicrobial Agents 3(2):105–108 DOI 10.1016/0924-8579(93)90020-6.

Firth A, Prathapan P. 2020. Azithromycin: the first broad-spectrum therapeutic. European Journal
of Medicinal Chemistry 207(1):112739 DOI 10.1016/j.ejmech.2020.112739.

Fu W, Song Z, Zhou L, Xue Y, Ding Y, Suo B, Tian X, Wang L. 2017. Randomized clinical trial:
esomeprazole, bismuth, levofloxacin, and amoxicillin or cefuroxime as first-line eradication
regimens for Helicobacter pylori infection. Digestive Diseases and Sciences 62:1580–1589
DOI 10.1007/s10620-017-4564-4.

Gomes PS, Fernandes MH. 2007. Effect of therapeutic levels of doxycycline and minocycline in the
proliferation and differentiation of human bone marrow osteoblastic cells. Archives of Oral
Biology 52:251–259 DOI 10.1016/j.archoralbio.2006.10.005.

Gonzalez CA, Megraud F, Buissonniere A, Lujan BL, Agudo A, Duell EJ, Boutron-Ruault MC,
Clavel-Chapelon F, Palli D, Krogh V, Mattiello A, Tumino R, Sacerdote C, Quiros JR,
Sanchez-Cantalejo E, Navarro C, Barricarte A, Dorronsoro M, Khaw KT, Wareham N,
Allen NE, Tsilidis KK, Bas BH, Jeurnink SM, Numans ME, Peeters P, Lagiou P, Valanou E,
Trichopoulou A, Kaaks R, Lukanova-McGregor A, Bergman MM, Boeing H, Manjer J,
Lindkvist B, Stenling R, Hallmans G, Mortensen LM, Overvad K, Olsen A, Tjonneland A,
Bakken K, Dumeaux V, Lund E, Jenab M, Romieu I, Michaud D, Mouw T, Carneiro F,
Fenge C, Riboli E. 2012. Helicobacter pylori infection assessed by ELISA and by immunoblot
and noncardia gastric cancer risk in a prospective study: the Eurgast-EPIC project. Annals of
Oncology 23(5):1320–1324 DOI 10.1093/annonc/mdr384.

Gu L, Li S, He Y, Chen Y, Jiang Y, Peng Y, Liu X, Yang H. 2019. Bismuth, rabeprazole,
amoxicillin, and doxycycline as first‐line Helicobacter pylori therapy in clinical practice: a pilot
study. Helicobacter 24(1):e12594 DOI 10.1111/hel.12594.

Hooi J, Lai WY, Ng WK, Suen M, Underwood FE, Tanyingoh D, Malfertheiner P, Graham DY,
Wong V, Wu J, Chan F, Sung J, Kaplan GG, Ng SC. 2017. Global prevalence of Helicobacter
pylori infection: systematic review and meta-analysis. Gastroenterology 153(2):420–429
DOI 10.1053/j.gastro.2017.04.022.

International Agency for Research on Cancer. 1994. Schistosomes, liver flukes and Helicobacter
pylori. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans 61:1–241.

Ji Z, Han F, Meng F, Tu M, Yang N, Zhang J. 2016. The association of age and antibiotic
resistance of Helicobacter Pylori: a study in Jiaxing City, Zhejiang Province, China. Medicine
95(8):e2831 DOI 10.1097/MD.0000000000002831.

Kuo YT, Liou JM, El-Omar EM, Wu JY, Leow A, Goh KL, Das R, Lu H, Lin JT, Tu YK,
Yamaoka Y, Wu MS. 2017. Primary antibiotic resistance in Helicobacter pylori in the
Asia-Pacific region: a systematic review and meta-analysis. The Lancet Gastroenterology &
Hepatology 2(10):707–715 DOI 10.1016/S2468-1253(17)30219-4.

Lee YC, Chiang TH, Chou CK, Tu YK, Liao WC, Wu MS, Graham DY. 2016. Association
between Helicobacter pylori eradication and gastric cancer incidence: a systematic review and
meta-analysis. Gastroenterology 150(5):1113–1124 DOI 10.1053/j.gastro.2016.01.028.

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 12/14

http://www.eucast.org
http://www.eucast.org
http://dx.doi.org/10.1016/0924-8579(93)90020-6
http://dx.doi.org/10.1016/j.ejmech.2020.112739
http://dx.doi.org/10.1007/s10620-017-4564-4
http://dx.doi.org/10.1016/j.archoralbio.2006.10.005
http://dx.doi.org/10.1093/annonc/mdr384
http://dx.doi.org/10.1111/hel.12594
http://dx.doi.org/10.1053/j.gastro.2017.04.022
http://dx.doi.org/10.1097/MD.0000000000002831
http://dx.doi.org/10.1016/S2468-1253(17)30219-4
http://dx.doi.org/10.1053/j.gastro.2016.01.028
http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/


Liu WZ, Xie Y, Lu H, Cheng H, Zeng ZR, Zhou LY, Chen Y, Wang JB, Du YQ, Lu NH. 2018.
Fifth Chinese National Consensus Report on the management of Helicobacter pylori infection.
Helicobacter 23(2):e12475 DOI 10.1111/hel.12475.

Malfertheiner P, Megraud F, Rokkas T, Gisbert JP, Liou JM, Schulz C, Gasbarrini A, Hunt RH,
Leja M, O’Morain C, Rugge M, Suerbaum S, Tilg H, Sugano K. 2022. Management of
Helicobacter pylori infection: the Maastricht VI/Florence consensus report. Gut
71(9):1724–1762 DOI 10.1136/gutjnl-2022-327745.

Megraud F. 2018. Antibiotic resistance is the key element in treatment of Helicobacter pylori
infection. Gastroenterology 155(5):1300–1302 DOI 10.1053/j.gastro.2018.10.012.

Megraud F, Bruyndonckx R, Coenen S, Wittkop L, Huang TD, Hoebeke M, Benejat L,
Lehours P, Goossens H, Glupczynski Y. 2021. Helicobacter pylori resistance to antibiotics in
Europe in 2018 and its relationship to antibiotic consumption in the community. Gut
70(10):1815–1822 DOI 10.1136/gutjnl-2021-324032.

Nagy P, Johansson S, Molloy-BlandM. 2016. Systematic review of time trends in the prevalence of
Helicobacter pylori infection in China and the USA. Gut Pathogens 8(1):8
DOI 10.1186/s13099-016-0091-7.

Nishizawa T, Maekawa T, Watanabe N, Harada N, Hosoda Y, Yoshinaga M, Yoshinaga M,
Yoshio T, Ohta H, Inoue S, Toyokawa T, Yamashita H, Saito H, Kuwai T, Katayama S,
Masuda E, Miyabayashi H, Kimura T, Nishizawa Y, Takahashi M, Suzuki H. 2015.
Clarithromycin versus metronidazole as first-line Helicobacter pylori eradication: a multicenter,
prospective, randomized controlled study in Japan. Journal of Clinical Gastroenterology
49(6):468–471 DOI 10.1097/MCG.0000000000000165.

O’Dell JR, Elliott JR, Mallek JA, Mikuls TR, Weaver CA, Glickstein S, Blakely KM, Hausch R,
Leff RD. 2006. Treatment of early seropositive rheumatoid arthritis: doxycycline plus
methotrexate versus methotrexate alone. Arthritis & Rheumatism 54:621–627
DOI 10.1002/art.21620.

R Core Team. 2020. R: a language and environment for statistical computing. Version 4.0. Vienna:
R Foundation for Statistical Computing. Available at https://www.r-project.org.

Samra Z, Shmuely H, Niv Y, Dinari G, Passaro DJ, Geler A, Gal E, Fishman M, Bachor J,
Yahav J. 2002. Resistance of Helicobacter pylori isolated in Israel to metronidazole,
clarithromycin, tetracycline, amoxicillin and cefixime. Journal of Antimicrobial Chemotherapy
49(6):1023–1026 DOI 10.1093/jac/dkf041.

Savoldi A, Carrara E, Graham DY, Conti M, Tacconelli E. 2018. Prevalence of antibiotic
resistance in Helicobacter pylori: a systematic review and meta-analysis in World Health
Organization regions. Gastroenterology 155(5):1372–1382 DOI 10.1053/j.gastro.2018.07.007.

Singh S, Khanna D, Kalra S. 2021. Minocycline and doxycycline: more than antibiotics. Current
Molecular Pharmacology 14(6):1046–1065 DOI 10.2174/1874467214666210210122628.

Su P, Li Y, Li H, Zhang J, Lin L, Wang Q, Mao J, Tang W, Shi Z, Shao W, Mao J, Zhu X,
Zhang X, Tong Y, Tu H, Jiang M, Wang Z, Jin F, Yang N, Zhang J. 2013. Antibiotic resistance
of Helicobacter pylori isolated in the Southeast Coastal Region of China. Helicobacter
18(4):274–279 DOI 10.1111/hel.12046.

Sugano K, Tack J, Kuipers EJ, Graham DY, El-Omar EM, Miura S, Haruma K, Asaka M,
Uemura N, Malfertheiner P. 2015. Kyoto global consensus report on Helicobacter pylori
gastritis. Gut 64(9):1353–1367 DOI 10.1136/gutjnl-2015-309252.

Sun KX, Zheng RS, Zhang SW. 2019. Report of cancer incidence and mortality in different areas
of China. China Cancer 28:1004–1242 DOI 10.11735/j.issn.1004-0242.2019.01.A001.

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 13/14

http://dx.doi.org/10.1111/hel.12475
http://dx.doi.org/10.1136/gutjnl-2022-327745
http://dx.doi.org/10.1053/j.gastro.2018.10.012
http://dx.doi.org/10.1136/gutjnl-2021-324032
http://dx.doi.org/10.1186/s13099-016-0091-7
http://dx.doi.org/10.1097/MCG.0000000000000165
http://dx.doi.org/10.1002/art.21620
https://www.r-project.org
http://dx.doi.org/10.1093/jac/dkf041
http://dx.doi.org/10.1053/j.gastro.2018.07.007
http://dx.doi.org/10.2174/1874467214666210210122628
http://dx.doi.org/10.1111/hel.12046
http://dx.doi.org/10.1136/gutjnl-2015-309252
http://dx.doi.org/10.11735/j.issn.1004-0242.2019.01.A001
http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/


Tatsuta M, Ishikawa H, Iishi H, Okuda S, Yokota Y. 1990. Reduction of gastric ulcer recurrence
after suppression of Helicobacter pylori by cefixime. Gut 31(9):973–976
DOI 10.1136/gut.31.9.973.

Yamaoka Y. 2018. How to eliminate gastric cancer-related death worldwide? Nature Reviews
Clinical Oncology 15(7):407–408 DOI 10.1038/s41571-018-0029-8.

Zhao J, Zou Y, Li K, Huang X, Niu C, Wang Z, Zhao S, Zhang Y, Song C, Xie Y. 2021.
Doxycycline and minocycline in Helicobacter pylori treatment: a systematic review and meta-
analysis. Helicobacter 26(6):e12839 DOI 10.1111/hel.12839.

Huang et al. (2023), PeerJ, DOI 10.7717/peerj.15611 14/14

http://dx.doi.org/10.1136/gut.31.9.973
http://dx.doi.org/10.1038/s41571-018-0029-8
http://dx.doi.org/10.1111/hel.12839
http://dx.doi.org/10.7717/peerj.15611
https://peerj.com/

	Antibiotic resistance profile of Helicobacter pylori to 14 antibiotics: a multicenter study in Fujian, China
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


