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Purpose: This study aims to estimate the resistance rate of Helicobacter pylori (HP) to commonly used antibiotics and analyze the
potential influencing factors in northwest regions of China.

Patients and Methods: HP-positive patients visiting the outpatient department of multiple hospitals were enrolled in the study.
Then, gastric mucosal biopsy specimens were collected for HP isolation, culture, and investigation of the resistance rate of HP to
amoxicillin, metronidazole, tetracycline, levofloxacin, and clarithromycin by Epsilometer test (E-test) antibiotic susceptibility testing.
In addition, multi-drug resistance, the influence of HP eradication history, age, and region of residence on drug resistance rate were
analyzed.

Results: In total, 198 HP clinical strains were successfully isolated and cultured. The resistance rates of amoxicillin, metronidazole,
tetracycline, levofloxacin, and clarithromycin were 16.16%, 85.86%, 7.58%, 46.46%, and 55.05%, respectively. The multi-drug
resistance rates demonstrated that dual and triple resistances were 30.30% and 22.73%, respectively. The quadruple resistance rate
reached 9.60%. Our results revealed that the prior eradication history of HP significantly increased levofloxacin and clarithromycin
resistance. Metronidazole and levofloxacin resistances significantly differed among different age groups, which presented an upward
trend with increasing age. Drug resistance rates varied with geographic regions, especially amoxicillin and clarithromycin resistance,
which were highest in Hexi Corridor and Longnan regions.

Conclusion: The current situation of HP resistance to common antibiotics is severe. Tetracycline is the most sensitive antibiotic,
followed by amoxicillin, the first choice for HP eradication. However, the eradication failure of HP may lead to an increase in the
resistance rate. Therefore, it is necessary to strengthen the standardized diagnosis and treatment of HP to improve the primary
eradication rate.
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Introduction

HP, a gram-negative, microaerophilic bacterial pathogen, infects about 50% population worldwide, and HP infection is more
frequent in developing countries.' China’s northwest regions (Gansu province) experience a high prevalence of HP infection
and a high incidence of gastric cancer. The eradication rate of HP eradication has generally decreased as resistance to the most
commonly used antibiotics has increased. The most recent guidelines of the Maastricht V/Florence Consensus Report” and the
Fifth Chinese Consensus Report® have recommended bismuth-containing quadruple regimen (a combination of PP, bismuth,
and two antibiotics) as the first-line treatment for HP. Commonly used antibiotics include amoxicillin, clarithromycin,
levofloxacin, tetracycline, metronidazole, and furazolidone. Multiple studies focusing on drug resistance rate revealed
a high level of HP resistance to clarithromycin, levofloxacin, and metronidazole in most countries and areas. Therefore,
these antibiotics are unrecommended for treatment-naive patients.* ’ The HP eradication regimens should be standardized
according to local resistance patterns and eradication history.® There are significant differences in the HP resistance rate

between regions, and the HP resistance rate within the same region can dramatically change over time.” In September 2020,
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China released the drug resistance map of HP, aiming to dynamically display the resistance rate in different regions and
populations and provide a reference for the treatment schemes to eradicate HP. However, the lack of monitoring data and
dynamic updates of HP resistance to common antibiotics in northwest China has challenged the empirical treatment of HP
infection. Based on this, we collected gastric mucosal specimens of HP-positive patients from multicenter hospitals in Gansu
province. We carried out an antibiotic susceptibility test to analyze the current status of HP resistance in Gansu province to
guide the selection of empirical eradication therapy for HP.

Materials and Methods

Subjects

From September 2018 to December 2020, a total of 320 patients attending the gastroenterology outpatient departments of
ten hospitals in Gansu province were initially screened and enrolled, who were confirmed as being infected with HP by
13C-/'C- urea breath test (UBT). Multicenter hospitals included Lanzhou University Second Hospital, Wuwei Tumor
Hospital of Gansu, The Third People’s Hospital of Gansu Province, The 940th Hospital of Joint Logistics Support Force
of People’s Liberation Army, Affiliated Hospital of Gansu University of Traditional Chinese Medicine, The Second
People’s Hospital of Tianshui, People’s Hospital of Dingxi, The Second People’s Hospital of Dingxi, The Second
People’s Hospital of Lanzhou, and People’s Hospital of Jiuquan City.

Inclusion criteria were as follows: (1) 18-75 years old, both genders; (2) 3C-/"*C-UBT was positive; (3) No
medication history of antibiotics, PPI, bismuth, gastric mucosal protective agents, aspirin, anti-HP traditional Chinese
medicine within four weeks; (4) Voluntary participation in the project and signed informed consent. Exclusion criteria
included the following: (1) patients with gastrointestinal malignancy, massive bleeding of ulcers, Zollinger-Ellison
syndrome, and other diseases; (2) patients with a history of gastrointestinal surgery, such as subtotal gastrectomy,
gastroplasty, and vagotomy; (3) patients complicated with serious diseases of heart, liver, lung, kidney, blood, and other
systems; (4) pregnant or lactating women. All patients were subjected to gastroscopy, and mucosa biopsy specimens from
gastric antrum were taken for AP isolation, culture, and drug sensitivity test.

Culture and Identification of HP

Gastric mucosa biopsy specimens were collected and immersed in Brain Heart Infusion (BHI) broth (Solaibao Biological
Technology, Beijing, China) containing 20% glycerin, then immediately stored at —80 °C. When we isolated and cultured
HP strains, the specimens were thawed at room temperature, and homogenates were prepared using a sterile tissue
homogenizer. The tissue homogenate was inoculated onto Columbia Blood Agar (Solaibao Biological Technology,
Beijing, China) plates containing 5% sterile defibrinated sheep blood (Ruite Biotechnology, Guangzhou, China) and
HP selective antibiotics additives (including vancomycin hydrochloride, soluble amphotericin B, cefsulodin and
trimethoprim, purchased from Solaibao Biological Technology, Beijing, China) for the selective cultivation of HP
isolates. The plates were incubated in a Tri-Gas Incubator (Heal Force, Shanghai Lishen Scientific Equipment Co.Ltd.,
Shanghai, China) with 85% nitrogen gas, 10% carbon dioxide, and 5% oxygen gas for 3-5 days at 37 °C under
microaerophilic conditions to observe the growth of HP colonies. HP was identified by colony morphology, Gram
staining (Gram staining Kit, Zhuhai Besso Biotechnology Co. Ltd., Zhuhai, China), and positive test (oxidase, catalase,
and rapid urease test).

Antimicrobial Susceptibility Testing Using the E-Test Method

The antimicrobial susceptibility of the HP isolates was determined using the E-test method (E-test gradient strips,
Liofilmchem, Italy). The bacterial suspensions were prepared by placing HP colonies in 1 mL of sterile 0.9% saline with
a sterile cotton swab and adjusted to a turbidity of 2 McFarland (approximately 6x10® CFU/mL (CFU: colony forming
units)) using an electronic turbidimeter (DensiCHEK, BioM¢érieux, France). Then, 200 pL bacterial suspensions were
evenly inoculated on the Columbia Blood Agar (Solaibao Biological Technology, Beijing, China) plates containing 5%
sterile defibrinated sheep blood (Ruite Biotechnology, Guangzhou, China). Subsequently, the E-test gradient strips
(Liofilmchem, Italy) of five antibiotics were applied to the agar surface, and the plates were incubated at 37 °C under
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microaerophilic conditions for 72 h. The minimum inhibitory concentration (MIC) values for amoxicillin, metronidazole,
tetracycline, levofloxacin, and clarithromycin were determined as the lowest concentration of test antibiotics completely
inhibited HP growth. According to the criteria of antimicrobial resistance breakpoints established by the Clinical and
Laboratory Standards Institute (CLSI) and Europe Committee on Antimicrobial Susceptibility Testing (EUCAST), in
conjunction with the MICs value in the previous literature, the resistance MIC values were defined as amoxicillin>0.125
pg/mL, metronidazole>8 pg/mL, tetracycline>1 pg/mL, levofloxacin>1 pg/mL, clarithromycin>0.5 pg/mL in this
study.”'! The standard HP strains 26695 and SSI (gifted from the Key Laboratory of the Digestive System Tumors
of Gansu Province, Lanzhou, Gansu, China) were used as the controls for the susceptibility test.

Statistical Analysis

Statistical data analysis and graphing were performed using SPSS 21.0 statistical software and Prism7 (GraphPad
software). The quantitative data with a normal distribution were presented as mean + standard deviation (X £ s), and
an independent-samples #-test was used to compare the groups. In addition, count data were expressed by the number of
cases and composition ratio (%), the chi-square test was performed for comparison between the groups, and P<0.05
indicated a statistically significant difference.

Results

Baseline Characteristics

In total, 320 patients with HP infection meeting the inclusion criteria were included in this study. Gastric mucosal
specimens were collected. We successfully isolated and cultured HP strains from 198 patients, including 132 males
(66.67%) and 66 females (33.33%), aged from 23 to 73 years (48.29 + 10.77). The results of endoscopic diagnosis
included 44 cases of gastric ulcer, 16 of duodenal ulcer, 10 of compound ulcer, 3 of gastric cancer, and 125 of chronic
gastritis. In addition, there were 150 patients (75.76%) without HP eradication history and 48 (24.24%) with HP
eradication history. In addition, according to the unique topography of Gansu province, the regions where the objects
were located were grouped as follows: Hexi Corridor (30 cases), Longnan Montane (11 cases), Longzhong and East
Loess Plateau (150 cases), and Gannan Plateau (7 cases). Baseline data were compared based on HP antibiotic resistance,
baseline and demographic characteristics summarized in Table 1.

HP Resistance to Five Commonly Used Antibiotics

A total of 198 HP isolates were successfully cultured and carried out sensitivity tests in vitro. The antimicrobial
susceptibility test demonstrated that the resistance rate of HP to tetracycline was lower (7.58%, 15/198), followed by
amoxicillin (16.16%). On the other hand, the resistance rates to levofloxacin and clarithromycin were higher, reached to
46.46% and 55.05%, respectively. Metronidazole resistance was the highest (85.86%). The results were illustrated in
Table 2.

Multiple Antibiotic Resistance Rate of HP

Among these 198 clinical isolates, 15 (7.58%) were susceptible to all five antibiotics, while 7 (3.54%) were resistant to
all antibiotics, and 52 (26.26%) were resistant to a single antibiotic. The total dual resistance rate was 30.30% (60/198).
Metronidazole + clarithromycin was the highest (15.66%), followed by metronidazole + levofloxacin (12.63%).
Moreover, Triple drug resistance was 22.73% (45/198), and the combination of metronidazole, levofloxacin, and
clarithromycin was the highest (18.69%). The quadruple drug resistance rate reached 9.60% (19/198). The multiple
drug resistance patterns were displayed in Table 3.

Influence of HP Eradication History on Resistance Rate
A total of 198 subjects were followed up, with 150 naive patients without eradication history (a primary infection) and 48
with a history of HP eradication (a secondary infection). The study demonstrated that patients with a previous history of

Infection and Drug Resistance 2022:15 hetps: 5521

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(

(44}

:sdyyy

G1:770T dueIsisay Snu(q pue uonddyu|

Table | Comparison of Baseline Data on Antibiotic Resistance

Clinical Factors Amoxicillin P Metronidazole P Tetracycline P Levofloxacin P Clarithromycin P
R(32) S(166) R(170) S(28) R(15) S(183) R (92) S(106) R(109) S(89)
Gender (male/female) 17/15 115/51 0.076 112/58 20/8 0.564 7/8 125/58 0.087 53/39 79127 0.012 62/47 70/19 0.001
Age(X £ s) 50.66 + 4783+ | 0.175 | 49.52 + 40.79 £ | <0.0001 51 % 48.07 £ | 0312 | 5093 % 4599 + | 0.001 48.59 £ 4792 + 0.673
1.57 0.859 0.798 1.898 2.852 0.795 1.021 1.077 0.935 1.265
Diagnosis 0.043 0.355 0.390 0.079 0.0001
Gastric ulcer 2 4?2 37 7 | 43 16 28 17 27
Duodenal ulcer 2 14 15 | 2 14 4 12 6 10
Compound ulcer 10 7 3 0 10 7 | 9
Chronic gastritis 27 98 109 16 12 113 67 58 84 41
Gastric cancer | 2 2 | 0 3 2 | | 2
History of eradication | 20/12 130/36 0.056 | 126/44 24/4 0.185 9/6 141/42 0.139 | 61/31 89/17 0.004 | 64/45 86/3 <0.0001
(Nolyes)
Regional distribution 0.006 0.071 0.197 0.092 0.017
Hexi Corridor 10 20 27 3 5 25 20 10 23 7
Longnan Montane 4 7 I 0 | 10 6 5 8 3
Longzhong and East Loess | 17 133 128 22 9 141 63 87 76 74
Plateau
Gannan Plateau | 6 4 3 0 7 3 4 2 5

Abbreviations: R, Resistance; S, sensitive.
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Table 2 The Resistance Rate of HP to Antibiotics

Antibiotics Sample Size/n Resistance Strains/n Resistance Rate/%
Amoxicillin 198 32 16.16
Metronidazole 198 170 85.86

Tetracycline 198 15 7.58

Levofloxacin 198 92 46.46
Clarithromycin 198 109 55.05

Table 3 Multiple-Drug Resistance of HP

Multiple-Drug Resistance Patterns Resistance Strains/n Resistance Rate /%
Dual resistance 60(30.30%) Amoxicillin/Metronidazole | 0.51
Amoxicillin/Tetracycline 0 0.00
Amoxicillin/Levofloxacin 0 0.00
Amoxicillin/Clarithromycin 0 0.00
Metronidazole/Tetracycline | 0.51
Metronidazole/Levofloxacin* 25 12.63
Metronidazole/Clarithromycin* 31 15.66
Tetracycline/Levofloxacin 0 0.00
Tetracycline/Clarithromycin 0 0.00
Levofloxacin/Clarithromycin 2 1.01
Triple resistance 45(22.73%) Amoxicillin/Metronidazole/Tetracycline 0 0.00
Amoxicillin/Metronidazole/Levofloxacin | 0.51
Amoxicillin/Metronidazole/Clarithromycin 4 2.02
Amoxicillin/Tetracycline/Levofloxacin 0 0.00
Amoxicillin/Tetracycline/Clarithromycin 0 0.00
Amoxicillin/Levofloxacin/Clarithromycin | 0.51
Metronidazole/Tetracycline/Levofloxacin 0 0.00
Metronidazole/Tetracycline/Clarithromycin 2 1.01
Metronidazole/Levofloxacin/Clarithromycin* 37 18.69
Tetracycline/Levofloxacin/Clarithromycin 0 0.00
Quadruple resistance 19(9.60%) Amoxicillin/Metronidazole/Tetracycline/Levofloxacin | 051
Amoxicillin/Metronidazole/Tetracycline/Clarithromycin 2 1.01
Amoxicillin/Metronidazole/Levofloxacin/Clarithromycin* 14 7.07
Amoxicillin/Tetracycline/Levofloxacin/Clarithromycin | 0.51
Metronidazole/Tetracycline/Levofloxacin/Clarithromycin | 0.51
All resistant HP strains 7 3.54

Note: *Antibiotic combinations with high prevalence of multiple drug resistance rate.

eradication significantly increased the resistance rates for levofloxacin and clarithromycin (P < 0.05). However, the resistance

rates for the other three antibiotics were disassociated with eradication history, as displayed in Table 4 and Figure 1.

Resistance of HP in Different Age Groups

The subjects were divided into five age groups ranging from 23 to 73 according to the per 10 years of age. Only one
patient of 73 years was incorporated into the 60~ years old group. Specific age groups and the corresponding resistance
rates were presented in Table 5. HP resistance rates to metronidazole and levofloxacin were significantly different in
various age groups (P < 0.05), with an overall increasing trend with age. However, there was no significant difference in

resistance rates for amoxicillin, tetracycline, and clarithromycin in different age groups (Figure 2).
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Table 4 Influence of HP Eradication History on Resistance Rate

Antibiotic Without History of Eradication (150) With History of Eradication(48) Ve p
Resistance Strains/n | Resistance Rate/% | Resistance Strains/n | Resistance Rate /%

Amoxicillin 20 13.33 12 25.00 3.653 0.056

Metronidazole 126 84.00 44 91.67 1.76 0.185

Tetracycline 9 6.00 6 12.50 2.194 0.139

Levofloxacin 6l 40.67 31 64.58 8.362 0.004**

Clarithromycin | 64 42.67 45 93.75 3835 <0.00 | *#¥*

Note: **P <0.01; ***P <0.001.

HP Resistance in Different Areas of Gansu Province

The resistance rates for amoxicillin and clarithromycin were significantly different among regions (P < 0.05), which were
higher in Hexi Corridor and Longnan region. Tetracycline resistance was generally lower in different regions. A higher
resistance rate was from Hexi Corridor (16.67%). Metronidazole demonstrated the highest resistance rate in all regions.
The resistance rate for levofloxacin was higher in Hexi Corridor and Longnan Montane (Table 6 and Figure 3).

Discussion
HP infection is one of the most common chronic bacterial infections worldwide. Recently, the overall prevalence of HP
infection has steadily declined. However, the infection rate in some developing countries remains elevated, related to the
social and economic levels and health or environmental conditions.” The prevalence of HP infection in China has reached
40-60%.'>'3 HP has been defined as a class I carcinogen of gastric cancer. Successful eradication of HP can reduce the
risk of gastric cancer and prevent HP-related gastrointestinal diseases, such as gastritis and peptic ulcer.'*'> Therefore,
the diagnosis and treatment of HP have received increasing attention. At present, eradication treatment of HP is facing
significant challenges due to the increasing drug resistance rate, poor patient compliance, and other factors.

HP resistance to commonly used antibiotics is severe, and clarithromycin resistance is generally high in most regions.
In 2017, WHO listed HP as a “priority pathogen”.'® The Maastricht V consensus suggested that clarithromycin-based
triple therapy should not be an empirical eradication regimen if the prevalence of clarithromycin resistance reaches 15%.>
In our study, the HP resistance rate to clarithromycin in Gansu province was 55.05%, much higher than the threshold.
The fifth Chinese National Consensus Report on the management of HP infection recommended that seven bismuth-
based quadruple therapies as the first-line treatment for HP, reached more than 85% eradication rate.> However,

mm without history of eradication
mm with history of eradication

*k%k

~ 1004

Resistance rate(%

Figure | Influence of HP eradication history on resistance rate.
Note: *¥P<0.01; **P<0.001.
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Table 5 The Resistance Rate of HP in Different Age Groups

Age Sample Size/n Resistance Rate/n(%)
Amoxicillin Metronidazole Tetracycline Levofloxacin Clarithromycin
20~ I 0 6(54.55) 0 1(9.09) 3(27.27)
30~ 33 4(12.12) 24(72.72) 2(6.06) 11(33.33) 16(48.48)
40~ 54 9(16.67) 48(88.89) 4(7.41) 27(50.00) 35(64.81)
50~ 71 14(19.72) 63(88.73) 5(7.04) 35(49.30) 39(54.93)
60~ 29 5(17.24) 29(100.00) 4(13.79) 18(62.07) 16(55.17)
7 2,019 16.06 1.758 9.487 1.167
P 0.155 <0.00 | *#* 0.185 0.0027* 0.28

Note: **P <0.01; ***P <0.001.

a prospective multicenter study in Gansu suggested that the eradication rate of quadruple therapy combined with
amoxicillin, clarithromycin, bismuth, and PPI was even lower than 50%,17 which was considered to be closely related
to the high clarithromycin resistance. In addition, HP resistance to levofloxacin has increased yearly, and our study
revealed that levofloxacin resistance was 46.46% in the northwest region of China, which may be associated with the
widespread use in gastrointestinal, urinary, and respiratory infections. The resistance rates of clarithromycin and
levofloxacin are more than 15% in most countries and regions, which is the limited resistance value for empirical
treatment regimens based on these two antibiotics. Using clarithromycin and levofloxacin in eradication treatment is
unrecommended unless prior antibiotic sensitivity is determined. This emphasizes the importance of continuously
monitoring regional resistance rates in determining treatment regimens.>°

Furthermore, the rate of metronidazole resistance is generally high worldwide, with a resistance rate of 85.86% in
China northwest in our study. The possible reasons leading to a high prevalence of metronidazole resistance include
non-standardized anti-HP treatment and long-term extensive use against anaerobic bacteria involved in various oral
diseases, gynecological infections (especially vaginosis), and surgical anti-infection treatment. The study suggested
that the previous history of nitroimidazole had no significant effect on the eradication rate of the bismuth-based
quadruple therapy. However, repeated metronidazole application requires optimized dose. The metronidazole dosage
could increase to 1600 mg/day, which may overcome drug resistance to a certain extent and achieve good efficacy.
Notably, metronidazole should not be used again for HP eradication if the initial treatment optimized the dose.*"'®

Combined with available data on HP resistance patterns in China, this trend of HP resistance to antibiotics in the
northwest (Gansu) was consistent with that in most regions. The resistance rate for metronidazole was the highest, followed
by clarithromycin and levofloxacin, while HP resistance rates to amoxicillin and tetracycline were relatively low. Moreover,
the prevalence of multiple antibiotic resistance of HP gradually increased around the world, one of the major causes of HP
eradication failure.'® However, there were still significant differences in drug resistance rates in different regions.
A multicenter study in China* depicted that the overall resistance rate for clarithromycin was 47.24%, and levofloxacin
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< 801 -+ Levofloxacin
© —= Clarithromycin
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Figure 2 The resistance rate of HP in different age groups.
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Table 6 HP Resistance Rate in Different Areas of Gansu Province

Regional Distribution Sample Size | Amoxicillin | Metronidazole | Tetracycline | Levofloxacin | Clarithromycin
Hexi Corridor 30 10(33.33) 27 (90.00) 5 (16.67) 20 (66.67) 23 (76.67)
Longnan Montane I 4 (36.36) 11 (100.00) 1(9.09) 6(54.55) 8(72.73)
Longzhong and East Loess Plateau | 150 17(11.33) 128(85.33) 9(6.00) 63(42.00) 76(50.67)
Gannan Plateau 7 1(14.29) 4(57.14) 0(0.00) 3(42.86) 2(28.57)

P 12.44 7.024 4.683 6.449 10.2

P 0.006%* 0.071 0.197 0.092 0.017%*

Note: *P <0.05; **P <0.01.

resistance was 41.40%. In addition, the overall resistance rates for amoxicillin, tetracycline, and furazolidone were 3.23%,
1.65%, and 2.05%, respectively. However, the overall resistance rate for amoxicillin in northwest China reached 15.89%,
consistent with our findings. The higher resistance rate for amoxicillin in the area may be partly due to numerous non-
standard amoxicillin use in recent years. Furthermore, HP eradication history significantly impacted drug resistance rate,
especially clarithromycin and levofloxacin. The secondary resistance rates were significantly higher than the primary
resistance. Therefore, the local resistance patterns and previous eradication history should be considered comprehensively
when selecting second-line regimens for HP rescue therapy. Repeated antibiotic use is not recommended.

In this study, we found that the tetracycline resistance rate was the lowest in the northwest China, and the antibiotic
was available in Gansu province, which could be the preferred antibiotic for HP eradication in this area. Moreover, the
HP resistance rate to furazolidone is generally low in different regions, which can be used to treat refractory HP infection
and attain better efficacy.®® It is noteworthy that adverse events and patients’ compliance with tetracycline and
furazolidone. As for some patients allergic to penicillin, the bismuth-based quadruple regimen containing tetracycline,
furazolidone, or metronidazole with an optimized dose, should be adopted to eradicate HP and overcome high resistance
to levofloxacin and clarithromycin.?'** Individualized treatment based on antibiotics sensitivity can effectively improve
the eradication rate of HP as first-line treatment and rescue therapy. Additionally, a previously proven effective empiric
therapy could also attain a high eradication rate of HP.>* Therefore, continuous surveillance of local antibiotic resistance
patterns is particularly important for empiric treatment.

There are still some limitations in this study. First, we included a small sample size, especially the low proportion of
patients in different age groups and regions. Thus, we cannot adequately assess the differences in HP resistance rate
among various populations. Second, the enrolled subjects were all from Gansu province, the study lacks resistance data
from other provinces in northwest China. In the future, it is necessary to expand the sample size from different regions,
age distributions and other influencing factors, to further explore and monitor the AP resistance in northwest China more
comprehensively.
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Figure 3 HP resistance to antibiotics in different areas of Gansu Province.
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Conclusion

To summarize, the situation with HP resistance in northwest China is challenging. The prevalence of clarithromycin and
levofloxacin resistance rates increase gradually, empirical triple therapies containing these two antibiotics are unrecom-
mended unless susceptibility-guided therapy is carried out. In contrast, tetracycline and amoxicillin resistance rates are
relatively low, making them the preferred treatment for HP eradication. Therefore, eradication regimens of HP infection
should be selected according to individual susceptibility tests or local resistance status to reduce the secondary resistance
rate and improve the eradication rate of HP.
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