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Abstract An effective eradication therapy of Helicobacter pylori (H. pylori) should be used for the first time. In
this study, we assessed whether tailored therapy based on antibiotic susceptibility testing is more effective than
traditional therapy. We also evaluated the factors that cause treatment failure in high-resistance areas. For this
multicenter trial, we recruited 467 H. pylori-positive patients. The patients were randomly assigned to receive
tailored triple therapy (TATT), tailored bismuth-containing quadruple therapy (TABQT), or traditional bismuth-
containing quadruple therapy (TRBQT). For the TATT and TABQT groups, antibiotic selection proceeded via
susceptibility testing using an agar-dilution test. The patients in the TRBQT group were given amoxicillin,
clarithromycin, esomeprazole, and bismuth. Successful eradication was defined as a negative *C-urea breath test
at least eight weeks after the treatment ended. Susceptibility testing was conducted using an agar-dilution test. The
eradication rate was examined via intention-to-treat (ITT) and per-protocol (PP) analyses. The clarithromycin,
levofloxacin, and metronidazole resistance rates were 26.12%, 28.69%, and 96.79%, respectively. Resistance
against amoxicillin and furazolidone was rare. The eradication rates for TATT, TRBQT, and TABQT were
67.32%, 63.69%, and 85.99% in the ITT analysis (P < 0.001) and 74.64%, 68.49%, and 91.22% in the PP analysis
(P < 0.001), respectively. The efficacy of TABQT was affected by clarithromycin resistance, and bismuth exerted a
direct influence on TATT failure. TABQT was the most efficacious regimen for use in high-resistance regions,
especially among clarithromycin-susceptible patients.

Keywords tailored triple therapy; tailored bismuth-containing quadruple therapy; traditional bismuth-containing quadruple
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Introduction treatment for H. pylori-infected patients [4-6]. Increasing

antimicrobial resistance is strongly associated with the

The eradication of Helicobacter pylori (H. pylori) has been
a popular topic in recent years because this type of bacteria
is associated with the risk of developing peptic ulcer,
chronic gastritis, and gastric cancer [1-3]. Consensus
reports have shown that eradication therapy is the first-line
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unsatisfactory eradication rate of H. pylori [4—6]. Several
studies have reported that the eradication rate for
traditional therapy is below 80% in many cities, especially
in regions with high incidence of antibiotic resistance
[7,8]. Therefore, strategies to improve eradication rates are
urgently needed.

Traditional triple therapy containing one proton pump
inhibitor (PPI) and two antibiotics (clarithromycin and
amoxicillin or metronidazole) is not recommended in
several countries [4,7,8]. In China, traditional bismuth-
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containing quadruple therapy is used as the first-line
treatment for H. pylori infection [4,9—11]. Several studies
have investigated H. pylori resistance. Overall, antimicro-
bial resistance exhibits high geographic variation. The
global resistance rate for metronidazole ranges from 14.4%
to 93.2% [12]. Even cities in the same province
demonstrate variations in antibiotic resistance rates over
a wide range (e.g., clarithromycin resistance from 12.8% to
22.87% and levofloxacin resistance from 18.8% to
30.68%) [13]. Traditional therapy cannot be applied
universally and does not produce eradication rates = 90%
in all regions because antibiotic consumption data and
antibiotic adverse reactions are ignored. Successful therapy
should be evaluated as having a high eradication rate, such
as = 85% by ITT analysis or = 90% by PP analysis [14].

Ideally, eradication regimens should be based on the
community antibiotic background of H. pylori-infected
patients [1,4—6,14]. For example, seven-day triple therapy
remains valid in regions where clarithromycin resistance is
lower than 10% [15,16]. However, in the absence of drug
susceptibility testing, the use of this therapy is not
recommended when the resistance rate is higher than
15% [17]. A consensus report recommended that future
clinical treatment of H. pylori infection should be
conducted according to antibiotic resistance information
obtained by drug susceptibility testing [17]. Patients can
take one or more antibiotics depending on the sensitivity of
their H. pylori stomach isolates (i.e., tailored therapy).
However, few studies have examined the efficacy of
tailored therapy in clinical treatment, and whether tailored
triple therapy (TATT) is effective or not in regions with
high levels of antibiotic resistance is unknown. Moreover,
factors other than antibiotic resistance that influence the
eradication rate in different eradication regimens have not
been investigated.

Therefore, we conducted an open-label trial to compare
the eradication rates of TATT tailored bismuth-containing
quadruple therapy (TABQT), and traditional bismuth-
containing quadruple therapy (TRBQT) for 14 days in
first-line treatment. We also comprehensively evaluated the
factors that might affect the two regimens’ efficacies. This
study provides a valuable clinical reference in selecting
available treatment strategies for H. pylori infections.

Materials and methods
Subject selection

This multicenter, parallel, open-label trial was performed
on H. pylori-positive patients with upper gastrointestinal
symptoms from March 2014 to September 2014 from three
hospitals in Wenzhou, Zhejiang Province, China. All of the
subjects required initial eradication treatment for H. pylori,

as indicated by a positive '*C-urea breath test and H. pylori
culture results. The inclusion criteria were as follows:
(1) aged 18 to 70 years; (2) patients had abdominal pain,
bloating, acid reflux, belching, nausea, vomiting, heart-
burn, chest pain, hematemesis, melena, etc.; (3) no
antibiotics, H2 receptor antagonists, or PPIs have been
used in the past month; (4) the '*C-urea breath test is
positive; and (5) patients are willing to undergo initial
H. pylori eradication treatment and willing to cooperate
with doctors in a follow-up investigation. The exclusion
criteria were as follows: (1) younger than 18 years;
(2) severe heart, liver, or kidney dysfunction; (3) pregnant
or lactating women; (4) esophageal or gastrointestinal
surgery history; (5) psychosis or severe neurosis; and
(6) known or suspected allergy to clarithromycin,
levofloxacin, amoxicillin, and furazolidone. All patients
had a detailed understanding of this study and gave their
written informed consent. Moreover, a personal health
management strategy was assigned to each patient.

Trial design and procedures

Before enrollment, H. pylori infection was diagnosed using
a '""C-urea breath test. Patients with positive results
underwent endoscopy, and gastric mucosal biopsy samples
from the antrum were collected for H. pylori isolation. The
patients were considered eligible when they had a positive
H. pylori culture result. Eligible subjects were randomly
divided into TATT, TABQT, and TRBQT groups. Each
group received 14-day regimens. To ensure allocation
concealment, the major researchers in each participating
center contacted an independent research assistant to
obtain the next allocation number by phone after receiving
written informed consent forms from the patients.

Antibiotic susceptibility testing was made available to
the three treatment groups. All participants in the TRBQT
group were blinded to the antimicrobial susceptibility
results. The treatment regimens in the TRBQT group were
given twice a day and contained amoxicillin, clarithromy-
cin, esomeprazole, and bismuth potassium citrate (ACEB)
or amoxicillin, clarithromycin, esomeprazole, and colloi-
dal bismuth pectin (ACEC).

Antibiotic selection for the TATT and TABQT groups
was based on the antibiotic susceptibility test results for
H. pylori. For example, patients with strains susceptible to
clarithromycin were administered amoxicillin and clari-
thromycin. When the H. pylori strains were clarithromy-
cin-resistant but levofloxacin-susceptible, amoxicillin and
levofloxacin were administered to the patients. When the
strains were resistant to both clarithromycin and levoflox-
acin, the patients were administered amoxicillin and
furazolidone. The major difference between the two
regimens was the use of bismuth. Subjects in the TATT
group received one triple therapy consisting of amoxicillin,
clarithromycin, and esomeprazole (ACE); amoxicillin,
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levofloxacin, and esomeprazole (ALE); or amoxicillin,
furazolidone, and esomeprazole (AFE) according to the
drug susceptibility data. Subjects in the TABQT group
were given esomeprazole, two types of sensitive anti-
biotics, and bismuth potassium citrate or colloidal bismuth
pectin. The doses of the drugs used in this study were as
follows: 20 mg of esomeprazole, 500 mg of clarithromy-
cin, 200 mg of levofloxacin, 1 g of amoxicillin, 100 mg of
furazolidone, and 220 mg of bismuth potassium citrate or
200 mg of colloidal bismuth pectin. All medications were
taken twice daily.

Subjects who took less than 80% of the pills during
treatment were considered to have poor compliance. All
subjects had a personal health management strategy that
was designed to record information, including pathological
report, antibiotic susceptibility results, therapeutic regi-
men, and side effects. Additionally, medication reminders
were delivered twice (before treatment and a week after
treatment). The doctors advised the patients to take their
medication on time over the phone.

The eradication outcomes were assessed using a *C-
urea breath test performed at least eight weeks after the
treatment ended for all subjects as a follow-up. Negative
C-urea breath test results with a delta value < 2.5 units
were defined as successful eradication of H. pylori.
Subjects with positive results and a delta value = 4
units were considered to be H. pylori treatment failure [18].
Subjects with inconclusive results were assigned to receive
another '*C-urea breath test after two weeks until the
results became conclusive.

H. pylori culture and antibiotic susceptibility testing

Isolation of H. pylori and antibiotic susceptibility testing
were carried out at the laboratory at Hangzhou Zhiyuan
Medical Inspection Institute. A gastric mucosa biopsy
sample was ground, cultured on plates containing
Columbia agar (Oxoid) with 5% defibrinated sheep
blood, and incubated for 3 d under microaerophilic
conditions (5% O, and 10% CO,) at 37 °C. The colonies
resembling H. pylori were identified by Gram staining and
urease, catalase, and oxidase activity testing. Suspensions
of H. pylori-positive strains were prepared in phosphate-
buffered saline (PBS, pH 7.4) at a concentration of 4 x
10® CFU/mL for antibiotic susceptibility testing. Sequen-
tially, the suspensions were inoculated onto Mueller—
Hinton agar (Oxoid) plates containing 5% sheep blood and
a single antibiotic, which was incubated in the same
microaerophilic atmosphere at 37 °C for 3 d [16]. The
minimum inhibitory concentration was as follows: clari-
thromycin = 1, levofloxacin = 2, amoxicillin = 2, fur-
azolidone = 2 pg/ml, and metronidazole = 8 pg/mL
[19,20]. Antibiotic resistance was determined according
to the status of H. pylori growth. A standard H. pylori
strain (ATCC43504) was used as the quality control.

Statistical analysis

The eradication rates of H. pylori in this study were
assessed via intention-to-treat (ITT) and per protocol (PP)
analyses. All subjects were included in the ITT analysis.
Subjects who did not return for a follow-up '*C-urea breath
test were classified as treatment failures in the ITT analysis.
For the PP analysis, subjects who failed to take at least
80% of their medicine or did not return for a follow-up "*C-
urea breath test were excluded. We compared continuous
data using the Student’s ¢ test. A comparison of categorical
data among groups was performed using the chi-square
test, and 95% confidence intervals were calculated. A P-
value < 0.05 was considered significant. The SPSS soft-
ware package (version 19.0; SPSS, Inc., Chicago, IL,
USA) was used for all statistical analyses.

Results
Baseline characteristics and prevalence of resistance

From March 2014 to September 2014, gastric mucosal
biopsy samples were collected from patients who under-
went endoscopy to isolate H. pylori strains. In this
multicenter study, 467 H. pylori-positive patients were
enrolled and randomized to receive one of three treatments
(Fig. 1). No significant differences were observed in the
baseline characteristics of the three treatment groups,
including age, male-to-female ratio, and pathological
diagnostic results (Table 1). The resistance rates of
H. pylori were 26.12% (122/467) for clarithromycin,
28.69% (134/467) for levofloxacin, 96.79% (452/467) for
metronidazole, and 0% for amoxicillin and furazolidone.
The resistance rates were lower in the TRBQT group than
in the two other groups for clarithromycin and levoflox-
acin. However, no significant difference was observed in
clarithromycin resistance (> = 3.271, P = 0.195) and
levofloxacin resistance (y* = 1.717, P = 0.424) among the
three treatment groups (Table 1).

Comparative analysis of eradication rates and side
effects

As shown in Table 2, the eradication rate of H. pylori
obtained in the ITT analysis was significantly higher for the
patients who received TABQT compared with patients who
received TATT (x> = 15.142, P < 0.001) and TRBQT (y* =
20.719, P < 0.001). The PP analysis showed that H. pylori
eradication was successful for 91.22% (95% CI, 87.44%—
96.34%) of the patients in the TABQT group. However, in
the ITT and PP analyses, the eradication rate was lower
than 75% for TATT (> = 14.053, P < 0.001) and TRBQT
(@ = 23.658, P < 0.001). No significant differences in
eradication rates were found between TATT and TRBQT
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based on the antibiotic
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| "3C-urea breath test after § weeks |

| 153 in the ITT analysis | | 157 in the ITT analysis | | 157 in the ITT analysis |

15 not return for a 11 not return for a 9 not return for a

follow-up "*C-urea
breath test
0 took <80% drugs

follow-up "*C-urea
breath test
0 took <80% drugs

follow-up "*C-urea
breath test
0 took <80% drugs

138 completed follow-up
and in the PP analysis

146 completed follow-up
and in the PP analysis

148 completed follow-up
and in the PP analysis

Fig. 1 Trial profile of the study. AMX, amoxicillin; Bi, bismuth; CLR, clarithromycin; ITT, intention-to-treat analysis; PP, per-protocol
analysis; PPI, proton pump inhibitors; TABQT, tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT,

traditional bismuth-containing quadruple therapy.

groups in the ITT analysis (3> = 0.451, P = 0.502) and PP
analysis (y* = 1.314, P = 0.252). The rate of loss to follow-
up for TATT, TRBQT, and TABQT groups was also not
significantly different (y* = 1.934, P = 0.38). Although
most of the side effects were mild, the proportions of
diarrhea, bloating, nausea, and vomiting in the three
treatments were high (Table 2). Significant differences in
bloating were observed between TRBQT and TABQT (3> =
6.779, P =0.009). According to the combined eradication
rates and side effects, TABQT was the best treatment
choice.

Factors affecting the eradication rates in TABQT and
TATT groups

A total of 108 and 113 patients exhibited clarithromycin
susceptibility in the TATT and TABQT groups, respec-
tively. However, the eradication rate was higher in the

patients treated with TABQT than in the patients treated
with TATT (* = 11.839, P < 0.001 in the ITT analysis;
v = 11.770, P = 0.001 in the PP analysis; Table 3). For
patients susceptible to levofloxacin, TABQT was more
effective than TATT, although the difference was not
significant (80% vs. 76.19% in the ITT analysis, y> = 0.097,
P =0.755; 86.96% vs. 80% in the PP analysis, x* = 0.38,
P =0.538). Additionally, TABQT was more effective than
TATT for strains resistant to clarithromycin and levoflox-
acin (84.21% vs. 54.17% in the ITT analysis, > = 4.359,
P =0.037).

For most patients susceptible to clarithromycin, the
eradication rate of TABQT was 93.4% in the PP analysis.
The efficacy of TABQT was affected by the increasing
prevalence of clarithromycin resistance. The eradication
rate decreased to 86.96% (> = 1.096, P = 0.259) and
84.21% (* = 1.847, P = 0.174) in the PP analysis, both of
which are lower than the acceptable PP cure rate [14].
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Table 1 Demographic characteristics of patients and prevalence of antibiotic resistance

TATT (n = 153)

TRBQT (1 = 157)

TABQT (1 = 157)

P value

Patient information
Gender (M/F)

Age (year, mean, S.D.)

Pathological diagnosis

Chronic gastritis

Chronic gastritis with intestinal metaplasia
Chronic gastritis accompanied with erosion
Chronic atrophy gastritis

Gastric mucosal atypical hyperplasia

Other

Antibiotic resistance rate

CLR
LVX
MTZ
AMX
FR

74/79
48.10 (11.41)

36.6% (56/153)
18.95% (29/153)
14.38% (22/153)
16.7% (26/153)
11.11% (17/153)
1.96% (3/153)

29.41% (45/153)
30.72% (47/153)
95.429% (146/153)
0% (0/153)

0% (0/153)

75/82
49.52 (11.88)

38.85% (61/157)
23.57% (37/157)
10.19% (16/157)
15.92% (25/157)
9.55% (15/157)
1.91% (3/157)

21.02% (33/157)
24.84% (39/157)
97.45% (153/157)
0% (0/157)

0% (0/157)

84/73
49.30 (10.25)

38.22% (60/157)
19.11% (30/157)
13.38% (21/157)
19.74% (31/157)
7% (11/157)
2.55% (4/157)

28.03% (44/157)
30.57% (48/157)
97.45% (153/157)
0% (0/157)

0% (0/157)

0.537
0.492

0.915
0.519
0.509
0.656
0.45

0.911

0.195
0.424
0.507

AMX, amoxicillin; CLR, clarithromycin; F, female; FR, furazolidone; LVX, levofloxacin; M, male; MTZ, metronidazole; S.D., standard deviation; TABQT,

tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT, traditional bismuth-containing quadruple therapy.

Table 2 H. pylori eradication rates and side effects in the three treatments

Outcomes

TATT

TRBQT

TABQT

Eradication rate

ITT analysis (%, n/N)
PP analysis (%, n/N)

Lost to follow-up evaluation (%, n/N)

Side effects (%, n/N)
Abdominal pain
Bloating

Nausea and vomiting

Diarrhea
Skin rash
Constipation
Black stool

Taste distortion

67.32% (103/153)*
74.64% (103/138) *
9.8% (15/153)

63.69% (100/157)*
68.49%(100/146)*

7.01% (11/157)

3.27% (5/153)
3.92% (6/153)
3.92% (6/153)
6.53% (10/153)
2.61% (4/153)
3.92% (6/153)
0.65% (1/153)
3.27% (5/153)

3.82% (6/157)
9.55% (15/157)*
8.92% (14/157)
7.64% (12/157)
2.55% (4/157)
3.18% (5/157)
0% (0/157)
1.91% (3/157)

85.99% (135/157)
91.22% (135/148)
5.73% (9/157)

3.18% (5/157)
2.55% (4/157)
3.82% (6/157)
6.37% (10/157)
3.82% (6/157)
3.18% (5/157)
0% (0/157)
3.18% (5/157)

ITT, intention-to-treat analysis; PP, per-protocol analysis; TABQT, tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT,
traditional bismuth-containing quadruple therapy.
* indicates significant differences between TATT and TABQT (P<0.05) and between TRBQT and TABQT (P<0.05).

Table 3 H. pylori eradication rates of sensitive antibiotic selection in TATT and TABQT treatments
AMX + CLR AMX + LVX AMX + FR

Antibiotic selection
TATT
ITT analysis (%, n/N)

68.52% (74/108) 76.19% (16/21) 54.17% (13/24)

PP analysis (%, n/N) 76.29% (74/97) 80% (16/20) 61.9% (13/21)
TABQT
ITT analysis (%, n/N) 87.61% (99/113)* 80% (20/25) 84.21% (16/19)*

PP analysis (%, n/N) 93.4% (99/106) * 86.96% (20/23) 84.21% (16/19)

AMX, amoxicillin; CLR, clarithromycin; FR, furazolidone; ITT, intention-to-treat analysis; LVX, levofloxacin; PP, per-protocol analysis; TABQT, tailored
bismuth-containing quadruple therapy; TATT, tailored triple therapy.

* indicates significant differences between the treatment of AMX + CLR from TATT and TABQT (P<0.05) and between the treatment of AMX + FR from
TATT and TABQT (P<0.05).
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However, the eradication rates were lower than 80% in the
TATT group.

For the TATT group, the eradication of TATT was
significantly lower than TABQT. The eradication of TATT
was significantly lower than TABQT-ACEC (68.52% vs.
85.71% in the ITT analysis, x* = 3.941, P =0.047; 76.29%
vs. 93.75% in the PP analysis, x> = 4.696, P = 0.003) and
TAQBT-ACEB (68.52% vs. 88.46% in the ITT analysis,
¥ = 10.135, P = 0.001; 76.29% vs. 93.24% in the PP
analysis, x> = 8.812, P = 0.003). The use of bismuth was
the main difference between TATT and TABQT. The result
suggested that bismuth exerted a direct influence on TATT
failure in the region with a high prevalence of resistance.
Therefore, TABQT was the most efficacious regimen,
especially in areas with high clarithromycin resistance
(> 20%).

Discussion

This study obtained several important findings. First, as
expected from the consensus report, TABQT is more
effective than TRBQT. Second, bismuth availability is
necessary in regions with high levels of antibiotic
resistance. Without bismuth, TATT has a low eradication
rate. No significant differences in eradication rates were
detected between TATT and TRBQT. Third, clarithromy-
cin resistance decreases the efficacy of TABQT.

The most common cause of treatment failure in H. pylori
infection worldwide is increasing antimicrobial resistance
[4-6]. China, wherein antimicrobial resistance is typically
high, is no exception [21,22]. The resistance rate of
metronidazole exceeds 90% in several areas [13]. This
situation maybe related to the widespread use of
metronidazole in anti-anaerobic treatment in gynecology,
stomatology, and surgery and anti-amebic treatment in
infectious diseases. Since 1999, bismuth has been used as
the second-line treatment to improve eradication rate and
reduce antibiotic resistance [9]. Currently, bismuth-con-
taining quadruple therapy is the first-line treatment [4].
However, its efficacy is affected by the geographical area
[12,13]. A randomized trial has reported that the eradica-
tion rates are higher in areas with low clarithromycin
resistance than in areas with high resistance [23]. Our
study showed that the resistance rate for clarithromycin
was 26.12%. A recent study has also reported that the
clarithromycin resistance rate was 20.43% from 2009 to
2015 in Wenzhou, Zhejiang Province, China [13]. One of
the reasons for this high resistance is that standard triple
therapy has been abandoned. In this study, the efficacy of
TATT was only 67.32%. The efficacy of TRBQT was only
68.49%, which is lower than the efficacy previously
reported in Shanghai [24]. The clarithromycin resistance
rate in Shanghai has been reported to be 18%, and the
highest success rate exceeds 90% [24]. Moreover,

eradication for patients with clarithromycin resistance
was lower than that for patients susceptible to clarithro-
mycin, which had an eradication rate of 93.4% in the PP
analysis for the TABQT group (Table 3).

Bismuth potassium citrate, colloidal bismuth pectin, and
colloidal bismuth subcitrate are widely available in China
[21]. In our study, although the types of bismuth did not
significantly affect the eradication rate of H. pylori for
quadruple therapy, bismuth exerted a direct influence on
the failure of the TATT regimen in the region with a high
prevalence of resistance (Supplementary Fig. 1). TATT
produced poor results, with 67.32% in ITT and 74.64% in
PP analyses (Table 2). In other words, clinical treatment
based on antibiotic resistance by drugs could be recom-
mended, but this possibility does not ensure that the
susceptibility test results will provide the best treatment for
H. pylori infection. High efficacies should be established
based on appropriate therapies according to the community
antibiotic background [4-6]. In regions with a low
incidence of antibiotic resistance, triple therapy can
achieve eradication rates higher than 90%. For example,
in a previous work, three types of seven-day triple
therapies obtained 90% eradication rates in Yongkang,
Zhejiang Province, China [16]. A similar result was
obtained in Hong Kong, China, where the resistance
rates to clarithromycin and levofloxacin are low [15].
However, in this high-resistance region, triple therapies are
likely to be a poor choice. Although the patients selected
sensitive antibiotics to eradicate H. pylori, the efficacies
were all unsatisfactory (Table 3). Therefore, bismuth
should be used in high-resistance regions.

Our study showed that the eradication rate of TABQT
was significantly higher than the rates obtained for the two
other groups (Table 2), especially for clarithromycin-
susceptible H. pylori patients (Table 3). Several studies
have suggested that H. pylori clarithromycin resistance is
the main reason for treatment failure [25,26]. The lack of
susceptibility data has forced doctors to select therapies
empirically. Several studies have suggested the use of an
alternative antibiotic regimen. In China, the substitution of
furazolidone for clarithromycin was recommended in 2005
by the Second Chinese National Consensus Report [10]. A
number of randomized studies have reported that the
eradication rates of bismuth—furazolidone-containing
quadruple therapies are superior to those of non-furazoli-
done regimens [18,27]. However, we did not fully
recommend bismuth—furazolidone-containing quadruple
therapies in this study. First, many H. pylori patients are
still clarithromycin-sensitive although antibiotic resistance
is a serious problem. Second, our study showed that the
TABQT regimen consisting of clarithromycin, amoxicillin,
esomeprazole, and bismuth had a 93.4% eradication rate in
the PP analysis for clarithromycin-susceptible patients.
Third, from the perspective of adverse effects, furazolidone
has significant toxicity, including genotoxicity, hepato-
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toxicity, and carcinogenicity [28,29]. Current consensus
reports indicate that effective eradication therapy should be
used as the first-line treatment regimen [4—6]. Additionally,
the cost of endoscopic and antibiotic treatments in Chinese
patients is about 500 CNY, and the cost of antibiotic
susceptibility testing is about 200 CNY. Compared with
the situation in the TRBQT group, more than 20%
eradication rate of H. pylori was improved by antibiotic
susceptibility testing in the TABQT group. Therefore,
TABQT might be effective in areas with high resistance.
Additionally, clarithromycin resistance was the main
reason for the treatment failure of TABQT.

HP treatment should be based on the regional antibiotic
resistance background and drug resistance data in
combination with tailored treatment under the guidance
of antibiotic susceptibility testing from the perspective of
safe drug use and economic output ratio. In conclusion, a
high H. pylori eradication rate was achieved in patients
with TABQT according to the antibiotic susceptibility
testing. This regimen was effective in curing clarithromy-
cin-susceptible patients. Bismuth should be used in high-
resistance regions.

Acknowledgements

This study is supported by the Science and Technology Program of
Wenzhou (No. 2014S0193), Public Technology Application
Research of Zhejiang Province Science and Technology Hall (No.
2014C33246), Medical and Health Plan of Zhejiang Province (No.
2015DTA020), and Public Technology Application Research of
Zhejiang Province Science and Technology Hall (No. 2016C33232).

Compliance with ethics guidelines

Jie Pan, Zhengchao Shi, Dingsai Lin, Ningmin Yang, Fei Meng,
Lang Lin, Zhencheng Jin, Qingjie Zhou, Jiansheng Wu, Jianzhong
Zhang, and Youming Li declare that they have no conflict of interest.
This trial was approved by the Chinese Ethics Committee of
Registering Clinical Trials and the clinical trial registration number
was ChiCTR-TRC-13004223 (Date of registration: September 29,
2013) and the approved number of ethic committee was ChiECRCT-
2013034 (Date of approved by ethic committee: December 2, 2013).
Informed consent was obtained from all patients in this article.

Electronic Supplementary Material
available in the online version of this article at https://doi.org/
10.1007/s11684-019-0706-8 and is accessible for authorized users.

Supplementary material is

References

1. Lopes D, Nunes C, Martins MC, Sarmento B, Reis S. Eradication of
Helicobacter pylori: past, present and future. J Control Release
2014; 189: 169-186

10.

I1.

12.

13.

14.

. Graham DY, Fagoonee S, Pellicano R. Increasing role for modified

bismuth-containing quadruple therapies for Helicobacter pylori
eradication. Minerva Gastroenterol Dietol 2017; 63(2): 77-79

. Lee YC, Chen TH, Chiu HM, Shun CT, Chiang H, Liu TY, Wu MS,

Lin JT. The benefit of mass eradication of Helicobacter pylori
infection: a community-based study of gastric cancer prevention.
Gut 2013; 62(5): 676682

. Chinese Helicobacter pylori Study Group. Fourth Chinese National

Consensus Report on the management of Helicobacter pylori
infection. Chin J Integr Med (Zhonghua Nei Ke Za Zhi) 2012; 10:
832-837 (in Chinese)

. Sugano K, Tack J, Kuipers EJ, Graham DY, El-Omar EM, Miura S,

Haruma K, Asaka M, Uemura N, Malfertheiner P; faculty members
of Kyoto Global Consensus Conference. Kyoto global consensus
report on Helicobacter pylori gastritis. Gut 2015; 64: 1353—-1367

. Malfertheiner P, Megraud F, O’Morain CA, Gisbert JP, Kuipers EJ,

Axon AT, Bazzoli F, Gasbarrini A, Atherton J, Graham DY, Hunt R,
Moayyedi P, Rokkas T, Rugge M, Selgrad M, Suerbaum S, Sugano
K, El-Omar EM; European Helicobacter and Microbiota Study
Group and Consensus panel. Management of Helicobacter pylori
infection— the Maastricht V/Florence Consensus Report. Gut 2017;
66(1): 6-30

. Graham DY, Lee YC, Wu MS. Rational Helicobacter pylori

therapy: evidence-based medicine rather than medicine-based
evidence. Clin Gastroenterol Hepatol 2014; 12(2): 177-86.e3,
Discussion el12—e13

. Sebghatollahi V, Soheilipour M, Khodadoostan M, Shavakhi A,

Shavakhi A. Levofloxacin-containing versus clarithromycin-con-
taining therapy for Helicobacter pylori eradication: a prospective
randomized controlled clinical trial. Adv Biomed Res 2018; 7(1): 55

. Zhang WD, Xiao SD, Hu FL, Hu PJ, Xu ZM. Common agreement

on several topics on H. pylori. ] New Med (Yi Xue Xin Zhi Za Zhi)
2000; 10(4): 169—170 (in Chinese)

Hu F. Confusion and consensus in the treatment of Helicobacter
pylori infection. Chin J Prac Intern Med (Zhongguo Shi Yong Nei
Ke Za Zhi) 2005; 25(3): 281-283 (in Chinese)

Hu FL, Hu PJ, Liu WZ, De Wang J, Lv NH, Xiao SD, Zhang WD,
Cheng H, Xie Y. Third Chinese National Consensus Report on the
management of Helicobacter pylori infection. J Dig Dis 2008; 9(3):
178-184

De Francesco V, Giorgio F, Hassan C, Manes G, Vannella L, Panella
C, lerardi E, Zullo A. Worldwide H. pylori antibiotic resistance:
a systematic review. J Gastrointestin Liver Dis 2010; 19(4): 409—
414

Yang NM, Meng F, Xu SH, Jiang Y, Li HZ, Zhang XF, Guo F, Wu
JS, Li WP, Ji ZZ, Ye LP, Pan J, Chen GL, Ye B, Mao JL, Lin L,
Zhang JK, Wang S, Ou YH, Zhu XJ, Lv LH, Yang JH, Shi ZC, Lin
CP, Xu F, Wang QY, Mao JB, Li YM. Therapeutic strategies based
on clinical big data of antibiotic resistance monitoring of
Helicobacter pylori in Zhejiang Province. Chin J Dig Endose
(Zhonghua Xiao Hua Nei Jing Za Zhi) 2016; 33(11): 738-742 (in
Chinese)

Graham DY, Shiotani A. New concepts of resistance in the
treatment of Helicobacter pylori infections. Nat Clin Pract
Gastroenterol Hepatol 2008; 5(6): 321-331

. Hung IF, Chan P, Leung S, Chan FS, Hsu A, But D, Seto WK, Wong

SY, Chan CK, Gu Q, Tong TS, Cheung TK, Chu KM, Wong BC.



50

Is tailored therapy based on antibiotic susceptibility effective?

16.

17.

18.

20.

21.

22.

Clarithromycin-amoxycillin-containing triple therapy: a valid
empirical first-line treatment for Helicobacter pylori eradication in
Hong Kong? Helicobacter 2009; 14(6): 505-511

Tong YF, Lv J, Ying LY, Xu F, Qin B, Chen MT, Meng F, Tu MY,
Yang NM, Li YM, Zhang JZ. Seven-day triple therapy is a better
choice for Helicobacter pylori eradication in regions with low
antibiotic resistance. World J Gastroenterol 2015; 21(46): 13073—
13079

Malfertheiner P, Megraud F, O’Morain CA, Atherton J, Axon ATR,
Bazzoli F, Gensini GF, Gisbert JP, Graham DY, Rokkas T, EI-Omar
EM, Kuipers EJ; European Helicobacter Study Group. Management
of Helicobacter pylori infection—the Maastricht IV/Florence
Consensus Report. Gut 2012; 61(5): 646664

Liou JM, Bair MJ, Chen CC, Lee YC, Chen MJ, Chen CC, Tseng
CH, Fang YJ, Lee JY, Yang TH, Luo JC, WuJY, Chang WH, Chang
CC, Chen CY, Chen PY, Shun CT, Hsu WF, Hung HW, Lin JT,
Chang CY, Wu MS; Taiwan Gastrointestinal Disease and
Helicobacter Consortium. Levofloxacin sequential therapy vs.
levofloxacin triple therapy in the second-line treatment of
Helicobacter pylori: a randomized trial. Am J Gastroenterol 2016;
111(3): 381-387

. Clinical and Laboratory Standards Institute. Performance Standards

for Antimicrobial Susceptibility Testing 2009; Nineteenth Informa-
tional Supplement M100-S19, A07

Osato MS, Reddy R, Reddy SG, Penland RL, Graham DY.
Comparison of the Etest and the NCCLS-approved agar dilution
method to detect metronidazole and clarithromycin resistant
Helicobacter pylori. Int J Antimicrob Agents 2001; 17(1): 3944
Lu H, Zhang W, Graham DY. Bismuth-containing quadruple
therapy for Helicobacter pylori: lessons from China. Eur J
Gastroenterol Hepatol 2013; 25(10): 1134-1140

JiZ,Han F, Meng F, Tu M, Yang N, Zhang J. The association of age
and antibiotic resistance of Helicobacter pylori: a study in Jiaxing

23.

24.

25.

26.

27.

28.

29.

City, Zhejiang Province, China. Medicine (Baltimore) 2016; 95(8):
e2831

Liang J, LiJ, Han Y, Xia J, Yang Y, Li W, Zhang S, Wu Y, Yuan Y,
LiZ,DuY, Chen M, Chen B, Jiang B, Bai Y, Wen Q, Wu K, Fan D.
Helicobacter pylori eradication with ecabet sodium, omeprazole,
amoxicillin, and clarithromycin versus bismuth, omeprazole,
amoxicillin, and clarithromycin quadruple therapy: a randomized,
open-label, phase IV trial. Helicobacter 2012; 17(6): 458465

Sun Q, Liang X, Zheng Q, Liu W, Xiao S, Gu W, Lu H. High
efficacy of 14-day triple therapy-based, bismuth-containing quad-
ruple therapy for initial Helicobacter pylori eradication. Helicobac-
ter 2010; 15(3): 233-238

Qasim A, O’Morain CA. Treatment of Helicobacter pylori infection
and factors influencing eradication. Aliment Pharmacol Ther 2002;
16: 24-30

Wermeille J, Cunningham M, Dederding JP, Girard L, Baumann R,
Zelger G, Buri P, Metry JM, Sitavanc R, Gallaz L, Merki H, Godin
N. Failure of Helicobacter pylori eradication: is poor compliance the
main cause? Gastroenterol Clin Biol 2002; 26(3): 216-219

Liang X, Xu X, Zheng Q, Zhang W, Sun Q, Liu W, Xiao S, Lu H.
Efficacy of bismuth-containing quadruple therapies for clarithro-
mycin-, metronidazole-, and fluoroquinolone-resistant Helicobacter
pylori infections in a prospective study. Clin Gastroenterol Hepatol
2013; 11(7): 802-807.el

Xie Y, Zhu Y, Zhou H, Lu ZF, Yang Z, Shu X, Guo XB, Fan HZ,
Tang JH, Zeng XP, Wen JB, Li XQ, He XX, Ma JH, Liu DS, Huang
CB, Xu NJ, Wang NR, Lu NH. Furazolidone-based triple and
quadruple eradication therapy for Helicobacter pylori infection.
World J Gastroenterol 2014; 20(32): 11415-11421

Dai C, Li D, Gong L, Xiao X, Tang S. Curcumin ameliorates
furazolidone-induced DNA damage and apoptosis in human
hepatocyte LO2 cells by inhibiting ROS production and mitochon-
drial pathway. Molecules 2016; 21(8): E1061



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29


