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Introduction
Empirical therapy of Helicobacter pylori frequently 
results in treatment failure due to unrecognized 
antimicrobial resistance. In the era of increasing 
antibiotic resistance, the clinical management of 
patients infected with H. pylori who failed prior 
treatments remains a challenge. bismuth 

quadruple therapy has been recommended as an 
empiric rescue therapy in current guidelines.1,2 
However, tetracycline is not universally available 
in many areas including China.2

As with other infectious diseases, the general rule 
is that the results of antimicrobial therapy are best 
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Abstract
Background: Empirical therapy of Helicobacter pylori frequently results in treatment failure 
due to unrecognized antimicrobial resistance. The aim of this study was to investigate the 
effectiveness of susceptibility-guided therapy for rescue treatment of H. pylori infection in 
China.
Methods: This was a prospective study of consecutive 200 patients infected with H. pylori with 
one or more treatment failures. The therapy chosen was susceptibility based using the most 
effective, best-tolerated regimens first and a locally proven, reliably effective regimen for 
multidrug-resistant infections. All patients received 14-day triple therapy, i.e. esomeprazole 
20 mg and amoxicillin 1 g twice a day plus clarithromycin 500 mg twice a day, metronidazole 
400 mg twice a day, or levofloxacin 500 mg daily, or, for multidrug-resistant infections, 
amoxicillin-containing bismuth quadruple therapy with esomeprazole 20 mg twice a day, 
bismuth 220 mg twice a day, amoxicillin 1 g three times a day, and metronidazole 400 mg four 
times a day. Antibiotic resistance was determined by agar dilution.
Results: The eradication rate of susceptibility-guided therapy overall was 94.5% (189/200, 
95% confidence interval: 90.4–97.2%). Around 28% (56/200) of patients carried strains 
susceptible to one of the tested antibiotics and were prescribed the triple therapy. A total of 
144 multidrug-resistant patients received bismuth quadruple therapy. The eradication rates 
were all greater than 90%, i.e. 91.7% (11/12), 92.3% (12/13), and 93.5% (29/31) in those who 
received clarithromycin, metronidazole, and levofloxacin-containing triple therapy and 95.1% 
(137/144) for the bismuth quadruple therapy. There were no differences in eradication rates 
between the subgroups.
Conclusions: Although susceptibility-guided therapy proved high efficacious despite the 
high proportion of multidrug-resistant strains, the strategy suggested the best approach 
for this population would be empirical amoxicillin-containing bismuth quadruple therapy. 
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when therapy is susceptibility guided. Although 
susceptibility-guided therapy is recommended for 
rescue treatment for H. pylori by the Maastricht 
V/Florence Consensus Report,1 no guidance has 
been provided regarding a reliable strategy for 
how to utilize the results of testing. Evidence on 
the effectiveness of susceptibility-guided therapy 
for rescue therapy is very limited. A systemic 
review reported an eradication rate of susceptibil-
ity-guided therapy in third-line treatment of less 
than 80%, providing no guidance.3

We used a strategy based on susceptibility testing 
to prioritize therapy and to identify the preferred 
approach within a population. Prioritization was 
based on the concept that among susceptible infec-
tions, the most effective and best-tolerated regi-
men should be used first (i.e. among clarithromycin, 
metronidazole, and levofloxacin triple therapy).4 
We designed this pattern according to antibiotic 
pharmacologic characteristics and safety. 
Clarithromycin with the lowest minimal inhibitory 
concentrations (MICs) was listed first and levo-
floxacin was last based on the US Food and Drug 
Administration’s concerns and warnings about 
toxicities.4 We only recommended locally reliable 
effective therapies, which consisted of 14-day triple 
therapies for susceptible infections. Finally, for 
multidrug-resistant infections, a locally proven, 
effective, amoxicillin-containing modified bismuth 
quadruple therapy that substituted amoxicillin for 
tetracycline was used.5,6 The study population 
comprised patients infected with H. pylori with at 
least one prior treatment failure residing in China 
where resistance was common.

Materials and methods

Study design and participants
This was a prospective, single-center, open-label, 
single-arm interventional trial conducted from 
January 2018 to July 2018 at Renji Hospital, 
School of Medicine, Shanghai Jiao Tong 
University, China. Informed consent was 
obtained from all subjects before enrollment. The 
study was approved by the Ethics Committee of 
Renji Hospital, School of Medicine, Shanghai 
Jiao Tong University, number (2017)195. The 
study was registered with ClinicalTrials.gov on 
January 2018 (NCT03413020).

Consecutive subjects with persistent H. pylori 
infection who had previously failed at least one 

course of treatment were enrolled. H. pylori infec-
tion was determined by all three positive tests, i.e. 
13C-urea breath test (13C-UBT), rapid urease 
testing, and culture. Exclusion criteria included 
subjects younger than 18 years of age, näive to 
H. pylori treatment, active peptic ulcer, pregnancy 
or lactation, history of surgery of the upper gas-
trointestinal tract, presence of significant clinical 
diseases or malignancy, use of antibiotics or pro-
ton pump inhibitors (PPIs) within the previous 
8 weeks, or allergy to any drugs given in this study.

H. pylori isolation and antimicrobial 
susceptibility testing
At endoscopy, two biopsy specimens were col-
lected from the gastric antrum and corpus to iso-
late H. pylori strains. The specimens were 
transported in saline-containing tubes on ice to 
the H. pylori culture laboratory at the Shanghai 
Institute of Digestive Disease. The specimens 
were cultured and maintained on brain heart 
infusion agar medium (Oxoid, Basingstoke, UK) 
containing 5% defibrinated sheep blood under 
microaerophilic conditions (85% N2, 10% CO2, 
and 5% O2) at 37°C. Strains were identified if 
they were Gram-negative, positive for urease, oxi-
dase, and catalase, and had spiral or curved rods 
in morphology. MICs of clarithromycin, metroni-
dazole, and levofloxacin were determined by the 
agar-dilution method and incubated for 3 days 
under microaerobic conditions. ATCC43504 
was chosen as the quality-control strain. The sub-
ject was considered to have a resistant infection 
when any isolate was resistant to an antibiotic. 
The resistance break points for clarithromycin, 
metronidazole, and levofloxacin resistance were 
defined as 0.5 mg/L, 8 mg/L, and 1 mg/L, accord-
ing to the European Committee on Antimicrobial 
Susceptibility Testing, respectively.7

Interventions
Eligible subjects were assigned to 14 days of suscep-
tibility-guided therapy based on the susceptibility 
pattern of clarithromycin, metronidazole, and levo-
floxacin (Figure 1). The choice was made only 
according to the susceptible/resistant status, regard-
less of the value of MIC. If a strain was susceptible 
to clarithromycin, the combination of esomepra-
zole (AstraZeneca , Cambridge, UK) 20 mg twice 
daily, amoxicillin (Reyoung Pharmaceutical, 
Shandong, China) 1 g twice daily, and clarithromy-
cin (Abbott Laboratories, Chicago, USA) 500 mg 
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twice daily (EAC) was given. If a strain was resist-
ant to clarithromycin, but susceptible to metroni-
dazole, the combination of esomeprazole 20 mg 
twice daily, amoxicillin 1 g twice daily, and metro-
nidazole (Shanghai Xinyi Wanxiang Pharmaceutical 
Industry, Shanghai, China) 400 mg twice daily 
(EAM) was given. If a strain was resistant to both 
clarithromycin and metronidazole but susceptible 
to levofloxacin, the combination of esomeprazole 
20 mg twice daily, amoxicillin 1 g twice daily, and 
levofloxacin (Daiichi Sankyo, Tokyo, Japan) 
500 mg once daily was given (EAL). If a strain was 
resistant to all three tested antibiotics, subjects 
would receive a combination of esomeprazole 
20 mg twice daily, bismuth potassium citrate 
(Dawnrays Pharma, Suzhou, China) 600 mg 
(220 mg elemental bismuth) twice daily, amoxicil-
lin 1 g three times daily, and metronidazole 400 mg 
four times daily (EBAM). Esomeprazole and bis-
muth were given 30 min before meals and antibiot-
ics were given 30 min after meals. Esomeprazole 20 
mg is equivalent to 32 mg of omeprazole and is 
equivalent to a double-dose PPI.8

All subjects received pretreatment instructions 
about drug administration and possible adverse 

events and were asked to keep a diary to record 
symptoms and adherence. Adverse events were 
graded according to their influence on daily life 
and classified as ‘mild’ (discomfort but did not 
interfere with daily life), ‘moderate’ (discomfort 
that partially interfered with daily life), or ‘severe’ 
(discomfort that seriously interfered with daily 
life). Adherence was defined as good when more 
than 80% of the total pills were taken.9 The medi-
cal cost was calculated according to published 
reports of the National Medical Products 
Administration of China. All costs were measured 
in US dollars.

Outcomes
The primary outcome of this study was the eradi-
cation rate. H. pylori eradication was determined 
by ¹³C-UBT at least 6 weeks after the completion 
of treatment. Each subject was given, orally, a 
capsule containing 75 mg ¹³C-urea. Baseline and 
30-min breath samples were assayed following 
the manufacturer’s guidelines. Eradication was 
defined as negative from ¹³C-UBT < 4% (4% 
was the cut-off value). Secondary outcomes were 
the prevalence of adverse events, adherence, cost, 

Figure 1. Design of susceptibility-guided therapy.
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and antibiotic-resistance rate and its effect on 
eradication rate.

Sample size estimation and statistical analysis
For this study, the definition of an effective ther-
apy was that the therapy would reliably achieve an 
eradication rate of 90% or greater in adherent 
patients.10 The sample size estimation was based 
on previous trials. We assumed the eradication 
rate of susceptibility-guided therapy to be 96.2% 
according to previous studies.5,11 Assuming the 
target value was 90%, with 96.2% point estima-
tion of eradication rate of susceptibility-guided 
therapy, a power of 90%, and an alpha of 0.025 
(one-sided), 180 subjects would be required for 
this prospective single-center trial. Taking into 
consideration 10% lost to follow up, at least 198 
subjects were expected to be recruited for the 
study.

Continuous variables were described by mean 
with standard deviation and categorical variables 
by percentages. Eradication rates were evaluated 
by intention-to treat (ITT) and per-protocol (PP) 
analysis. All subjects were included in the ITT 
analysis. Subjects who did not return for a follow-
up 13C-UBT were recorded as treatment failures 
in the ITT analysis. Subjects who violated the 
study protocol, such as not taking at least 80% of 
treatment drugs or those without post-treatment 
H. pylori status, were excluded from the PP analy-
sis. The confidence limits for eradication rates 
were calculated by the Clopper–Pearson method 
with SAS 9.4 (SAS Institute Inc., Cary, NC, 
USA). If the lower bound of the 95% confidence 
interval (CI) was greater than 90%, good effec-
tiveness of susceptibility-guided therapy could be 
concluded. Differences between groups were 
evaluated by chi-square test or Fisher’s exact test 
for categorical variables. p < 0.05 was considered 
statistically significant.

Results
Figure 2 shows the trial profile. A total of 215 
subjects were assessed for eligibility in the study. 
H. pylori was successfully isolated in 95.8% 
(206/215) of subjects and 200 subjects were 
enrolled in this study. Table 1 shows the demo-
graphic and clinical characteristics of the patients. 
Patients had a median of 2.4 previous H. pylori 
treatments (range 1–6 treatments). A total of 40 

patients had one previous treatment failure, 79 
patients had two treatment failures, and 81 
patients had experienced at least three treatment 
failures. Prior treatments included various combi-
nations of antibiotics (Table S1).

Susceptibility results
The resistance rates of the strains to clarithromy-
cin, metronidazole, and levofloxacin were 94% 
(188/200), 93.5% (187/200), and 81% (162/200) 
(Table 1). Only 28% (56/200) of patients carried 
strains susceptible to one of the tested antibiotics 
and were prescribed triple therapy. In our study 
population, the resistance rates of clarithromycin, 
metronidazole, and levofloxacin were 98.3% 
(169/172), 99.2% (122/123), and 93.9% (92/98), 
respectively, in patients who had received these 
antibiotics in their prior therapies.

Eradication rates
As shown in Table 2, the ITT eradication rate for 
the entire population was 94.5% (189/200, 95% 
CI: 90.4–97.2%) and 96.9% (186/192, 95% CI: 
93.3–98.8%) in the PP analysis. In both the ITT 
and PP analysis, the lower bound of the 95% CI 
was greater than the pre-established target value 
(90%). Subgroup analysis was also performed to 
determine the effectiveness of each regimen. In 
the ITT analysis, the eradication rates were 
91.7% (11/12, 95% CI: 61.5–99.8%), 92.3% 
(12/13, 95% CI: 64.0–99.8%), 93.5% (29/31, 
95% CI: 78.6–99.2%), and 95.1% (137/144, 
95% CI: 90.2–98.0%) in patients who received 
EAC, EAM, EAL, and EBAM, respectively. In 
the PP analysis, they were 91.7% (11/12, 95% 
CI: 61.5–99.8%), 92.3% (12/13, 95% CI: 64.0–
99.8%), 96.7% (29/30, 95% CI: 82.8–99.9%), 
and 97.8% (134/137, 95% CI: 93.7–99.5%). 
There were no statistically significant differences 
in eradication rates between subgroups (p = 0.554 
in ITT analysis and p = 0.189 in PP analysis). 
One patient in the EAL group and two patients in 
the EBAM group were lost to follow up and did 
not return for the ¹³C-UBT so were scored as 
treatment failures in the ITT analysis. Five 
patients in the EBAM group violated protocol 
(discontinuation of medication due to adverse 
events) and three of them received follow-up ¹³C-
UBT and showed successful eradication. These 
eradicated patients had followed the therapy for 4 
days, 7 days, and 10 days, respectively.
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Adverse effects, adherence, and costs
The frequencies of adverse events were 16.7% 
(2/12), 0% (0/13), 6.5% (2/31), and 37.5% 
(54/144) in EAC, EAM, EAL, and EBAM 
groups, respectively (p < 0.001 triple therapies 
versus bismuth quadruple therapy). The adverse 
events were all mild in the patients who had 
received triple therapy. In the EBAM group, 
19.4% (28/144) of patients reported mild adverse 
events, 14.6% (21/144) of patients reported mod-
erate adverse events, and 3.5% (5/144) of patients 
reported severe adverse events. Adherence was 
good except for five patients in the EBAM group 
who failed to take at least 80% of the drugs due to 
nausea, vomiting, dizziness, and skin rash. All the 
adverse events disappeared after stopping the 
treatment (Table 3).

Medical costs were US$96.1, US$40.6, and 
US$65.5 for the EAC, EAM, and EAL triple 
therapy and US$49 for the EBAM quadruple 
therapy. An additional US$130.8 was required 
for endoscopy and the susceptibility test 
performance.

Discussion
With any infectious disease, susceptibility-guided 
therapy, whether based on data from the individ-
ual infection or from local or regional data, should 
be the best choice.4 In this prospective study, we 
confirmed that susceptibility-based therapy over-
all was efficient with 94.5% ITT cure rate despite 
very high rates of antibiotic resistance.

The current guideline recommends susceptibil-
ity-guided therapy for patients who fail two 
courses of treatment.1 It has been previously 
demonstrated that susceptibility-guided triple 
therapies were more effective and cost saving than 
empiric triple therapy for first-line treatment.12,13 
However, which rescue treatment is best is 
unclear as results from previous studies have been 
extremely heterogeneous.14–22 Studies from 
Spain, USA, and Germany reported surprisingly 
low cure rates (< 70%) for those with multiple 
treatment failures even after rescue therapies 
applied with susceptibility testing.14–19 Short 
duration, weak therapy, and lack of uniformity in 
selecting PPIs and antibiotics likely contributed 

Figure 2. Flow diagram of this study.
EAC, esomeprazole, amoxicillin, and clarithromycin; EAM, esomeprazole, amoxicillin, and metronidazole; EAL, 
esomeprazole, amoxicillin, and levofloxacin; EBAM, esomeprazole, bisMUTh, amoxicillin, and metronidazole; ITT, intention-
to-treat; PP, per-protocol; 13C-UBT, 13C-urea breath test.
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to the low effectiveness. Recently, Liou and col-
leagues reported a multicenter study comparing the 
effectiveness of 14-day genotypic resistance-guided 
and empirical therapy for rescue treatment.20 

Sequential therapies based on levofloxacin and 
clarithromycin susceptibility were given as tai-
lored therapy and empirical therapy was deter-
mined according to medication history. Both 

Table 1. Demographic and clinical data of patients.

Variables EAC group (n = 12) EAM group (n = 13) EAL group (n = 31) EBAM group (n = 144) Total (n = 200)

Sex

 Female 3 (25%) 8 (61.5%) 15 (48.4%) 98 (68.1%) 124 (62%)

 Male 9 (75%) 5 (38.5%) 16 (51.6%) 46 (31.9%) 76 (38%)

Age (years) 40.9 (11.7) 52.4 (15.3) 43.1 (15.3) 49.1 (12.1) 47.9 (13.1)

Diagnosis

 Dyspepsia 9 (75%) 13 (100%) 26 (83.9%) 131 (91%) 179 (89.5%)

 Peptic ulcer 3 (25%) 0 5 (16.1%) 13 (9%) 21 (10.5%)

Treatment failure

 1 6 (50%) 3 (23.1%) 8 (25.8%) 23 (16%) 40 (20%)

 2 5 (41.7%) 7 (53.8%) 18 (58.1%) 49 (34%) 79 (39.5%)

 ⩾ 3 1 (8.3%) 3 (23.1%) 5 (16.1%) 72 (50%) 81 (40.5%)

Antibiotic resistance

 Clarithromycin 0 13 (100%) 31 (100%) 144 (100%) 188 (94%)

 Metronidazole 12 (100%) 0 31 (100%) 144 (100%) 187 (93.5%)

 Levofloxacin 9 (75%) 9 (69.2%) 0 144 (100%) 162 (81%)

Loss of follow up 0 0 1 (3.2%) 2 (1.4%) 3 (1.5%)

Adherence* 12 (100%) 13 (100%) 31 (100%) 139 (96.5%) 195 (97.5%)

Data are n (%), or mean (standard deviation). *Taken > 80% of tablets. EAC, esomeprazole, amoxicillin, and clarithromycin; EAM, esomeprazole, 
amoxicillin, and metronidazole; EAL, esomeprazole, amoxicillin, and levofloxacin; EBAM, esomeprazole, bisMUTh, amoxicillin, and metronidazole.

Table 2. Eradication rate in each regimen.

Eradication 
rate

Total  
(n = 200)

EAC group 
(n = 12)

EAM group 
(n = 13)

EAL group  
(n = 31)

EBAM group 
(n = 144)

p value

ITT 189/200 (94.5%) 11/12 (91.7%) 12/13 (92.3%) 29/31 (93.5%) 137/144 (95.1%) 0.554

95% CI 90.4–97.2% 61.5–99.8% 64.0–99.8% 78.6–99.2% 90.2–98.0%  

PP 186/192 (96.9%) 11/12 (91.7%) 12/13 (92.3%) 29/30 (96.7%) 134/137 (97.8%) 0.189

95% CI 93.3–98.8% 61.5–99.8% 64.0–99.8% 82.8–99.9% 93.7–99.5%  

Data are n/N (%), 95% CI. CI, confidence interval; EAC, esomeprazole, amoxicillin, and clarithromycin; EAM, esomeprazole, amoxicillin, and 
metronidazole; EAL, esomeprazole, amoxicillin, and levofloxacin; EBAM, esomeprazole, bisMUTh, amoxicillin, and metronidazole; ITT, intention-to-
treat; PP, per-protocol.
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achieved low effectiveness (78% and 72% ITT 
cure rates), possibly because of the use of low 
effective sequential therapies, low dosages, and 
short duration of metronidazole and tetracycline. 
On the other hand, Fiorini and colleagues21 and 
Kwon and colleagues22 achieved higher cure rates 
(89.4% and 87.8%) by using quinolone therapy 
for susceptible strains, and rifabutin triple therapy 
or bismuth quadruple therapy for resistant strains. 
Locally highly effective regimens are required to 
obtain high local success rates.

Our approach of not limiting antibiotic suscepti-
bility testing to one antibiotic (e.g. clarithromy-
cin) allowed us to provide reliable advice for 

clinicians. In our population, we have repeatedly 
shown that amoxicillin and tetracycline resistance 
are rare despite repeated use and thus they were 
not included in our panel.5 In other regions such 
as Iran or Pakistan,23 it may be necessary to 
include them. In addition to confirming the power 
of combining susceptibility testing with locally 
reliable effective therapies, we also show how data 
about the population can further modify sugges-
tions for therapy.

Antibiotic resistance can rapidly emerge after prior 
failure of eradication therapy. Therefore, multiple 
treatment failures should be avoided because they 
can increase the rate of multidrug- resistant 

Table 3. Adverse events and adherence in each regimen.

Variables EAC group (n = 12) EAM group (n = 13) EAL group (n = 31) EBAM group (n = 144)

Total 2 (16.7%) 0 2 (6.5%) 54 (37.5%)

AE grade

 Mild 2 (16.7%) 0 2 (6.5%) 28 (19.4%)

 Moderate 0 0 0 21 (14.6%)

 Severe 0 0 0 5 (3.5%)

AE variety

 Bad taste 2 (16.7%) 0 0 1 (0.7%)

 Dyspepsia 0 0 1 (3.2%) 4 (2.8%)

 Nausea 0 0 0 30 (20.8%)

 Vomiting 0 0 0 5 (3.5%)

 Dizziness 0 0 0 15 (10.4%)

 Headache 0 0 0 1 (0.7%)

 Abdominal pain 0 0 1 (3.2%) 0

 Fatigue 0 0 0 5 (3.5%)

 Bloating 0 0 0 6 (4.2%)

 Diarrhea 0 0 0 2 (1.4%)

 Skin rash 0 0 0 4 (2.8%)

 Fever 0 0 0 1 (0.7%)

Poor adherence due to AEs 0 0 0 5 (3.5%)

Data are n (%). AE, adverse event; EAC, esomeprazole, amoxicillin, and clarithromycin; EAM, esomeprazole, amoxicillin, and metronidazole; EAL, 
esomeprazole, amoxicillin, and levofloxacin; EBAM, esomeprazole, bismuth, amoxicillin, and metronidazole.
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strains. In our population, multidrug-resistant 
strains were predominant suggesting that the rec-
ommendation for initial therapy with the locally 
proven effective empirical regimen would likely 
be the best overall approach. This study also con-
firmed the importance of regular assessment of 
local, regional, and national H. pylori susceptibil-
ity data as stressed in the recent Houston 
Consensus Conference and is in line with the 
principles of antimicrobial stewardship.24–26 We 
also confirmed that even in the presence of a very 
high prevalence of antimicrobial resistance, triple 
therapies can still be successful if given at the 
optimum doses and durations and based on anti-
biotic susceptibility testing.

Standard methods of susceptibility testing need 
invasive procedures (endoscopy), experienced 
bacterial culture, additional expense, and time 
consumption (10–20 days in our laboratory). 
Owing to the high prevalence of upper digestive 
tract diseases such as peptic ulcer and cancer, 
endoscopy-and-treat policy has been recom-
mended in a few countries in East Asia, which 
allows for individualized diagnosis and treatment.27 
Although culture is still not widely available for 
H. pylori, molecular-based susceptibility testing is a 
promising technology as it is convenient and fast, 
and allows for culture-free and even noninvasive 
testing if stool testing proves accurate and reliable. 
However, currently molecular testing appears 
promising only for clarithromycin, and possibly 
fluoroquinolones.28,29 The limit of molecular 
approaches is that they do not detect resistance 
caused by other unknown mutations or mecha-
nisms and they cannot be used for all antibiotics.

In addition to antibiotic resistance, adverse events 
and adherence are also important factors influ-
encing eradication results. We paid special atten-
tion to patient education about adverse events 
and the importance of adherence. Adverse events 
were infrequent among patients treated with tri-
ple therapy. All were mild and associated with 
good adherence to therapy. Adherence was also 
high (96.5%) despite the prevalence of adverse 
events in 37.5% with nearly half of them being 
moderate or severe in patients who received the 
modified bismuth quadruple therapy. 
Susceptibility-guided therapy allowed us to iden-
tify patients with susceptible strains and thus be 
able to cure the infections using high effective-
ness, less complex regimens with fewer drugs and 
a low number of adverse events.

Our study had limitations. First, this trial was not 
a randomized trial comparing a highly effective 
empirical therapy with susceptibility-guided ther-
apy. However, the goal was not to be a compara-
tive trial but to test whether susceptibility-guided 
therapy could provide excellent results in a difficult 
to treat population and to identify the best strategy 
for a population. Meanwhile, currently recom-
mended effective empirical regimens such as bis-
muth quadruple therapy, rifabutin- containing 
therapy, and furazolidone quadruple therapy are 
often unavailable in many areas of the world and 
may be contraindicated by some patients. Second, 
all the regimens used contained amoxicillin such 
that our findings do not apply to patients allergic 
to penicillin. Third, the modified bismuth quad-
ruple therapy used for triple-resistant infections 
does not apply to the areas where bismuth is not 
available.

In conclusion, susceptibility-guided therapy 
proved highly effective despite multiple prior 
treatment failures for H. pylori, and it enabled 
avoiding the administration of unnecessary anti-
biotics by identifying patients likely to benefit 
from triple therapies and thus achieved very high 
success rates and good adherence. However, the 
availability of endoscopic examination and suc-
cess rate of H. pylori culture should be taken into 
consideration before implementing the suscepti-
bility-guided strategy. The high prevalence of 
multidrug-resistant infections suggests that in this 
population of prior treatment failures, empirical 
use of a proven highly effective regimen such as 
the amoxicillin-containing modified bismuth 
quadruple would likely be the best strategy.
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