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Background/Aims: Point mutations in the 23S ribosomal RNA gene have been associated with
Helicobacter pylori clarithromycin resistance. This study aimed to detect the prevalence of these
point mutations and to investigate the role of different point mutations in the success of eradication therapy.
Methods: We retrospectively investigated a total of 464 consecutive patients who underwent
an endoscopic examination and dual-priming oligonucleotide-based multiplex polymerase chain
reaction for H. pylori between June 2014 and October 2019. For 289 patients with negative point
mutations, standard triple therapy was used in 287 patients, and the bismuth-quadruple regimen
was used in two patients. For 175 patients with positive point mutations (A2142G, A2143G, and
both mutations), standard triple and bismuth-quadruple therapies were used in 37 patients and
138 patients, respectively.
Results: The eradication rates of standard triple and bismuth-quadruple therapies showed no
significant difference in mutation-negative patients or those with the A2142G point mutation.
However, the eradication rate with bismuth-quadruple therapy was significantly higher than that
with standard triple therapy in the group with the A2143G mutation or with the double mutation.
The eradication rates for standard triple and bismuth-quadruple therapies, respectively, were
25.8% and 92.1% in the per-protocol group (p<0.001) and 24.2% and 85.2% in the intention-totreat analysis (p<0.001).
Conclusions: The A2143G point mutation is the most prevalent cause of clarithromycin resistance. Bismuth-quadruple therapy is superior to standard triple therapy in patients with the
A2143G or double point mutation. (Gut Liver 2021;15:528-536)
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INTRODUCTION
Helicobacter pylori infection is closely associated with
peptic ulcer disease, gastric mucosa-associated lymphoid
tissue lymphoma, and gastric adenocarcinoma.1 Eradication of the infection markedly reduces the progression or
recurrence of these gastroduodenal diseases.2-4 However,
as the antibiotic resistance of H. pylori has increased, the
success rate of its eradication has decreased worldwide.5 In
Korea and Japan, H. pylori resistance against clarithromy-

cin has surpassed 15%, and the eradication rate of standard
triple therapy (proton pump inhibitor, amoxicillin, and
clarithromycin) has decreased to an unacceptable level.6-10
According to the Maastricht V/Florence Consensus
guidelines, standard triple therapy should be abandoned
in regions with high resistance to clarithromycin (>15%)
without testing for the susceptibility of H. pylori .11 When
the standard triple regimen is considered as a first-line
therapy, in areas of high resistance to clarithromycin, either
a culture-based susceptibility test or a molecular test (poly-
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merase chain reaction, PCR) is recommended, to detect
clarithromycin resistance.11-15 Nevertheless, standard triple
therapy continues to be used as a first-line therapy for H.
pylori in Korea and Japan, without antibiotic resistance
testing.7,16,17
Recently, a dual-priming oligonucleotide (DPO)-based
multiplex PCR assay was made commercially available, to
detect genetic mutations.18 Previous studies have demonstrated that DPO-based multiplex PCR has a sensitivity of
97.7% and a specificity of 83.1%, when using culture-based
susceptibility as a reference test.12,13 It correlates well with
other culture-based susceptibility testing and could provide
an alternative for clarithromycin resistance testing. The
main mechanism of H. pylori resistance against clarithromycin is associated with point mutations in the domain
V (peptidyl transferase loop) of the 23S ribosomal RNA
gene.19 Among the point mutations, A2143G and A2142G
are the most frequently detected, found in 64% to 95% of
clarithromycin-resistant strains.20-23 Although such point
mutations have been associated with different degrees of
clarithromycin resistance in vitro ,24-26 the clinical relevance
of these mutations to H. pylori eradication has not yet been
investigated.
The aim of this study was to detect the prevalence of
the point mutations and to investigate the role of different point mutations in the success of H. pylori eradication
therapy.

MATERIALS AND METHODS
1. Study design and subjects
We retrospectively reviewed a database of consecutive patients who underwent endoscopic examination
and DPO-based multiplex PCR for H. pylori in St. Mary’s
Hospital, the Catholic University of Korea between June
2014 and October 2019. DPO-based multiplex PCR were
performed for the patients who had the peptic ulcer disease, gastric cancer, low grade gastric mucosa-associated
lymphoid tissue lymphoma, and history of endoscopic
treatment of early-stage gastric neoplasm. We classified the
patients into positive and negative point mutation groups,
based on the results of DPO-based multiplex PCR test. All
patients were aged over 19 and under 90. The exclusion
criteria were as follows: (1) history of gastric cancer surgery (n=1); (2) previous eradication therapy for H. pylori
(n=6); and (3) no eradication therapy for H. pylori after
DPO-based multiplex PCR test (n=233) who had severe
systemic diseases or did not visit again our hospital (Fig.
1). In the negative point mutation group (absence of a 23S
ribosomal RNA point mutation in H. pylori ), 287 patients

were treated with standard triple therapy (lansoprazole 30
mg, pantoprazole 40 mg, or rabeprazole 20 mg, clarithromycin 500 mg, and amoxicillin 1 g, twice daily for 7 days)
and two patients with a past history of penicillin allergy
were treated with bismuth-quadruple therapy (lansoprazole
30 mg, pantoprazole 40 mg, or rabeprazole 20 mg twice
daily; metronidazole 500 mg three times daily; bismuth
subcitrate 300 mg four times daily; and tetracycline 500
mg four times daily) for 7 or 14 days. In the positive point
mutation group (A2142G and/or A2143G mutation identified by DPO-PCR), 37 patients were treated with standard
triple therapy and 138 patients were treated with bismuthquadruple therapy. In the case of 37 patients with positive
point mutations, non-gastrointestinal (GI) specialists who
were not familiar with this test prescribed clarithromycinbased standard triple therapy despite the presence of positive point mutations. The eradication of H. pylori was assessed by either the rapid urease test (Halyard Health Inc.,
Alpharetta, GA, USA), or a standard 13C-urea breath test
(UBiTkit, Otsuka Pharmaceutical Co. Ltd., Tokyo, Japan)
at 4 to 6 weeks after completing the eradication therapy.
Eradication was defined as a negative result obtained in the
aforementioned tests.
2. Point mutation test: DPO-based multiplex PCR
Our institution has a standard protocol of endoscopic
biopsy sites for H. pylori detection, which recommends
at least two samples should be taken at the non-atrophic
area. Gastric biopsy specimens were used for the DPObased multiplex PCR test. We assessed the point mutations
(A2142G and A2143G) for clarithromycin resistance by
using a validated SeeplexⓇ H. pylori -ClaR ACE Detection
kit (Seegene Inc., Seoul, Korea). Three primer pairs were
detected, with a DPO structure consisting of a 621-base
pair (bp) band, a 194-bp band and a 475-bp band, using
ultraviolet transillumination, after 2% agarose gel electrophoresis. The presence of just a 621-bp band indicated that
the specimen was wild-type H. pylori . The presence of a
194-bp band was indicative of the A2142G point mutation,
and a 475-bp band indicated the A2143G point mutation.
The kit also included a primer pair for internal control.
3. Outcome measures and compliance
The eradication success rate between the negative and
positive point mutation groups was evaluated by per-protocol (PP) and intention-to-treat (ITT) analyses. The PP
eradication rate was expressed as a percentage of patients
that completed the study. For ITT, this was expressed as a
percentage of all patients who took the medicine, including
those with poor compliance, or those with lack of followup. Patient-reported compliance was checked at the last
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hospital visit. Patients with poor compliance were defined
as consumption of less than 80% of the prescribed medicines, and were excluded from the PP analysis.
4. Statistical analysis
We determined point mutation groupings after reviewing eradication rates by individual mutation. Continuous
data were expressed by using mean and standard deviation
and were compared with the Student t-test. Categorical
data were described by using number with percentage (%)
and were compared by using the chi-square test or Fisher
exact test where appropriate. We compared eradication
rates according to different point mutations by using the
Fisher exact test or chi-square test, as appropriate. Multivariate logistic regression was performed by using therapeutic outcome as the dependent variable and by including
the sex, age, smoking status, diabetes mellitus (DM), types
of first-line therapy and types of point mutation groups as
possible covariates. Results are presented as odds ratio (OR)
with 95% confidence interval (CI). A value of p<0.05 was
considered statistically significant. We performed statistical
530 www.gutnliver.org
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Fig. 1. Flow diagram of subject selection.
H. pylori, Helicobacter pylori ; PCR,
polymerase chain reaction.

analysis by using SPSS software version 26.0 for Window
(IBM Corp., Armonk, NY, USA).
5. Ethics statement
This study was approved by the Institutional Review
Board of the Seoul St. Mary’s Hospital, the Catholic University of Korea, Seoul (IRB number: KC20RASI0002). The
requirement for written informed consent was waived because anonymous data collected were used. This study followed the ethical principles of the Declaration of Helsinki.

RESULTS
1. Characteristics of the ITT study population
H. pylori PCR tests from biopsy specimens were performed in 1,428 patients. For 704 patients who were positive for H. pylori , the DPO-based multiplex PCR point
mutation tests were performed. Overall rates for negative
and positive point mutations were 66.2% (466/704) and
33.8% (238/704), respectively. Based on the exclusion cri-
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teria described above, 240 patients were excluded from this
study (Fig. 1). In total, 464 patients were included, and 415
completed the course of treatment and examination. Forty
patients did not complete the follow-up, and nine patients
showed poor compliance. Among the 464 patients, point
mutation rates were found to be: 62.3% (289/464) negative;
3.0% (14/464) A2142G; 34.1% (158/464) A2143G; and
0.6% (3/464) double mutants (A2142G plus A2143G).
The baseline characteristics of all enrolled patients are
shown in Table 1. In the negative and positive point mutation groups, the proportion of men was 59.9% and 55.4%,
with a mean age of 54.9±13.0 and 56.2±14.3, respectively.
Smokers comprised 21.1% and 22.3%, respectively. There
was no significant difference between the negative and
positive groups in terms of having DM, the reason for
the H. pylori PCR test, the grade of atrophy, and types of
follow-up test.

2. Distribution of types of point mutations and firstline therapy
There was significant difference in the type of firstline therapy used between the negative and positive point
mutation groups (p<0.001) (Table 1). We pooled the three
patients with double point mutations (DPM) with the
A2143G point mutation group, on the basis of a previous
study, that considered the A2143G point mutation as the
dominant genotype.27 First-line therapy according to types
of point mutation is shown in Table 2. Standard triple
therapies were performed in 99.3% (287/289) of negative
group, 28.6% (4/14) of A2142G group, and 20.5% (33/161)
of A2143G/DPM groups, respectively. Bismuth-quadruple therapies were prescribed in 0.7% (2/289) of negative group, 71.4% (10/14) of A2142G group, and 79.5%
(128/161) of A2143G/DPM group, respectively (Table 2).

Table 1. Baseline Characteristics of the Intention-to-Treat Study Population
Characteristics
Age, yr
Sex
Men
Women
Body mass index, kg/m2
Smoking status
Non-smoker
Smoker
Diabetes mellitus
No
Yes
Causes for H. pylori PCR test
Gastric ulcer
Duodenal ulcer
Early gastric cancer
Advanced gastric cancer
Gastric adenoma
MALToma
Grade of atrophy
Normal & close type 1
Close type 2 & 3
Open type 1 & 2 & 3
Types of first-line therapy
Standard triple
Bismuth-quadruple
Types of follow-up test
13
C-urea breath test
Rapid urease test
Follow-up test not performed
Types of point mutation
A2142G
A2143G
Double (A2142G and A2143G)

Negative point mutation
(n=289)

Positive point mutation
(n=175)

54.9±13.0

56.2±14.3

173 (59.9)
116 (40.1)
24.4±3.2

97 (55.4)
78 (44.6)
23.8±3.6

228 (78.9)
61 (21.1)

136 (77.7)
39 (22.3)

263 (91.0)
26 (9.0)

155 (88.6)
20 (11.4)

117 (40.5)
87 (30.1)
59 (20.4)
0
13 (4.5)
13 (4.5)

72 (41.1)
56 (32.0)
39 (22.3)
1 (0.6)
3 (1.7)
4 (2.3)

204 (70.6)
54 (18.7)
31 (10.7)

126 (72.0)
26 (14.9)
23 (13.1)

287 (99.3)
2 (0.7)

37 (21.1)
138 (78.9)

240 (83.0)
19 (6.6)
30 (10.4)

148 (84.6)
17 (9.7)
10 (5.7)

p-value
0.330
0.348

0.071
0.765

0.396

0.318

0.471

<0.001

0.124

NA
NA
NA

14 (8.0)
158 (90.3)
3 (1.7)

Data are presented as the mean±SD or number (%).
H. pylori, Helicobacter pylori ; PCR, polymerase chain reaction; MALToma, mucosa-associated lymphoid tissue lymphoma; NA, not available.
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Table 2. Eradication Rates after Standard Triple and Bismuth-Quadruple Therapies According to the Type of Point Mutation
Types of first-line therapy
Per-protocol
Standard triple
Bismuth-quadruple
Intention-to-treat
Standard triple
Bismuth-quadruple

Negative point mutation

Positive point mutation
A2142G

Positive point mutation
A2143G or double*,†

229/255 (89.8)
2/2 (100.0)

4/4 (100.0)
9/9 (100.0)

8/31 (25.8)
105/114 (92.1)

229/287 (79.8)
2/2 (100.0)

4/4 (100.0)
9/10 (90.0)

8/33 (24.2)
109/128 (85.2)

Data are presented as number/total number (%).
*Double, both A2142G and A2143G; †p<0.05 for the per-protocol and intention-to-treat analyses between standard triple and quadruple therapies.
Table 3. Eradication Rates According to the Duration of Bismuth-Quadruple Therapy
Duration of bismuth-quadruple
therapy
Per-protocol
7-day quadruple
14-day quadruple
Intention-to-treat
7-day quadruple
14-day quadruple

Negative point mutation

Positive point mutation
A2142G

Positive point mutation
A2143G or double*

1/1 (100.0)
1/1 (100.0)

8/8 (100.0)
1/1 (100.0)

84/93 (90.3)†
21/21 (100.0)†

1/1 (100.0)
1/1 (100.0)

8/9 (88.9)
1/1 (100.0)

86/105 (81.9)‡
23/23 (100.0)‡

Data are presented as number/total number (%).
*Double, both A2142G and A2143G; †Two patients who received 7-day quadruple therapy had poor compliance, and two patients who received 14day quadruple had poor compliance; ‡p=0.024 for the intention-to-treat analysis between 7-day and 14-day quadruple therapies.

3. Point mutations and therapeutic outcomes
After the standard triple and bismuth-quadruple therapy
in the negative point mutation group, eradication by PP
analysis was 89.8% (n=229/255) and 100% (n=2/2), respectively (difference, 10.2 percentage points; 95% CI, –75.4
to 8.2; p>0.99). The eradication rates by ITT analysis were
79.8% (n=229/287) and 100% (n=2/2), respectively (difference, 20.2 percentage points; 95% CI, –65.0 to 29.2;
p>0.99). The eradication rate between standard triple and
bismuth-quadruple therapy was not significantly different
in patients with negative point mutations (Table 2).
After the standard triple and bismuth-quadruple
therapy in the A2142G point mutation group, eradication
rate by PP analysis was 100% (n=4/4) and 100% (n=9/9),
respectively (difference, 0.0 percentage point; 95% CI, not
available). The eradication rate by ITT analysis was 100%
(n=4/4) and 90.0% (n=9/10), respectively (difference, 10.0
percentage points; 95% CI, –47.2 to 47.1; p>0.99). The
eradication rate between standard triple and bismuth-quadruple therapy was not significantly different in patients
with A2142G point mutations (Table 2).
In the A2143G/DPM group, after the standard triple
and bismuth-quadruple therapy, the eradication rate by PP
analysis was 25.8% (n=8/31) and 92.1% (n=105/114), respectively (difference, 66.3 percentage points; 95% CI, 50.1
to 82.5; p<0.001). The eradication rates by ITT analysis
were 24.2% (n=8/33) and 85.2% (n=109/128), respectively
532 www.gutnliver.org

(difference, 61.0 percentage points; 95% CI, 45.0 to 76.8;
p<0.001). In both PP and ITT analyses, the eradication rate
with bismuth-quadruple therapy was significantly higher
than that with standard triple therapy in patients with infection by A2143G/DPM mutants (Table 2). Eradication
rates after second-line therapy in patients with negative
and positive point mutations are described in Supplementary Tables 1 and 2.
4. Eradication rates according to duration of bismuthquadruple therapy
In the A2142G mutation group, eradication rates were
not significantly different between the 7-day and 14-day
quadruple therapy in both PP and ITT analyses. In the
A2143G/DPM group, eradication rates with 14-day quadruple therapy were significantly higher than those with
7-day quadruple therapy in ITT analysis (100% vs 81.9%;
difference, 18.1 percentage points; 95% CI, –1.3 to 27.1;
p=0.024), but not in PP analysis (100% vs 90.3%; difference, 9.7 percentage points; 95% CI, –8.4 to 18.0; p=0.206)
(Table 3).
5. Clinical factors associated with H. pylori eradication
failure
To determine whether the different point mutations
and types of first-line therapy are associated with failure
to eradicate H. pylori , we conducted univariate and mul-
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tivariate analyses (Table 4, Supplementary Tables 3 and
4). For the risk of treatment failure, the interaction effect
between the different point mutations and types of firstline therapy was significant (p=0.019). In addition, patients
were not evenly distributed according to first-line therapy
and the two-point mutations. Accordingly, separate multivariate analyses were performed for each of these variables
(Table 4). On multivariate analysis, including types of firstline therapy, bismuth-quadruple therapy (OR, 0.39; 95%
CI, 0.18 to 0.82; p=0.014) and DM (OR, 2.17; 95% CI, 1.01
to 4.64; p=0.047) were associated with H. pylori eradication (Supplementary Table 4). Meanwhile, on multivariate
analyses, including the different point mutations, A2143G/
DPM (OR, 2.44; 95% CI, 1.38 to 4.34; p=0.002) was associated with H. pylori eradication failure (Table 4).

DISCUSSION
The prevalence of 23S rRNA point mutations identified
by DPO-based multiplex PCR was 37.7% in this study population. The A2143G point mutation was the most prevalent, accounting for 90.3% of cases. The remaining patients
had A2142G point mutations (8.0%) or both A2142G and
A2143G point mutations (1.7%). In patients with A2143G
or DPM, bismuth-quadruple therapy achieved a higher
eradication rate than standard triple therapy, as first-line
therapy (92.1% vs 25.8% in PP analysis, 85.2% vs 24.2% in
ITT analysis). Meanwhile, patients with A2142G point mutations showed high eradication rates, using both standard
triple or bismuth-quadruple therapy as first-line therapy.
We also found A2143G/DPM to be an independent risk
Table 4. Clinical Factors Associated with Helicobacter pylori Eradication Failure (Including the Type of Point Mutation)
Variable
Age
Sex
Men
Women
Smoking status
Non-smoker
Smoker
Diabetes mellitus
No
Yes
Types of point mutation
Negative
Positive A2142G
Positive A2143G and double*

Multivariate analysis
OR

95% CI

p-value

1.02

1.00–1.04

0.111

Reference
0.91

0.47–1.76

0.775

Reference
1.69

0.82–3.50

0.156

Reference
2.09

0.97–4.51

0.061

Reference
NA
2.44

1.38–4.34

0.002

OR, odds ratio; CI, confidence interval; NA, not available.
*Double, both A2142G and A2143G.

factor for failure to eradicate, even after adjusting for sex,
age, smoking, and DM.
The Maastricht V/Florence consensus has recommended the use of culture antibiotic susceptibility tests
for H. pylori , in areas with high clarithromycin resistance
(>15%).11 However, antibiotic susceptibility tests using culture methods are time-consuming and require dedicated
expertise.20 In addition, the cost-effectiveness of these tests
for improved eradication rates has not been clearly identified.28 Therefore, it is difficult to perform this test routinely
in clinical practice before the initiation of eradication therapy. Several international guidelines have suggested that
bismuth-quadruple therapy is an option for first-line treatment.3,11 However, there are some concerns in using this as
an initial therapy because it includes a complex combination of antibiotics. This therapy might increase treatmentrelated side effects and result in inappropriate antibiotic
overuse.29,30 In these circumstances, a novel DPO-based
multiplex PCR test was recently developed to identify H.
pylori infection and to detect the point mutations associated with resistance to clarithromycin.12,13 This moleculebased assay could provide rapid and accurate results for
identifying clarithromycin resistance in H. pylori . Therefore, it is considered as an alternative method to culture or
antibiotic susceptibility tests, and is a realistic option for
choosing the appropriate eradication regimen in a region
with increasing clarithromycin resistance.12,13,18 We investigated the clinical relevance of different point mutations
in the 23S rRNA gene, identified by DPO-based multiple
PCR.
The overall prevalence of point mutations (37.7%) in
our study was similar to that reported in a previous study
from Korea, which showed that the clarithromycin resistance rate was 37.0% from 2009 to 2012.31 The prevalence
of A2143G (90.3%) and A2142G (8.0%) point mutations
is also similar to that reported in other Korean studies,32,33
but different from the prevalence found in patients from
Western studies.27,34 In general, the A2143G mutation accounts for the majority of point mutations associated with
clarithromycin resistance.
This study showed that patients with A2143G or DPM
showed low eradication rate with standard triple therapy.
A2142G point mutation seems to be not related with
clarithromycin resistance. However, the cases having this
mutation was too small to demonstrate this in the present study. The different therapeutic results among the
different point mutations could be explained by different affinities of clarithromycin binding to the ribosome,
due to diverse 3-dimensional, structural changes in the
binding site.27,35 The A2143G point mutation could be
considered as a high-risk genotype, with a high eradicahttps://doi.org/10.5009/gnl20225 533
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tion failure rate over standard triple therapy. Boyanova
et al. 26 demonstrated the associations between A2143G
point mutation and less virulent vacA i2 strains, and between A2142G point mutation and more virulent vacA i1
strains. Compared with more virulent strains of H. pylori ,
less virulent strains cause less inflammation in the gastric
mucosa, and this might decrease the chance of successful
eradication.26,36 This previous report might help in the understanding of our results, which showed a lower eradication rate of bismuth-quadruple therapy in patients with the
A2143G point mutation compared to A2142G. However, it
achieved significantly higher eradication rates in patients
with A2143G/DPM, compared to standard triple therapy.
Based on the evidence, we propose a tailored treatment
strategy for H. pylori infection according to the presence
of the A2143G or DPM point mutation. Meanwhile, largescale studies are still needed to demonstrate whether standard triple therapy is effective in patients with the A2142G
point mutation because of small number of cases. Consistent with our findings, a recent prospective observational
study showed that tailored therapy based on the type of
23S rRNA point mutation can improve eradication rates as
well as cost-effectiveness in patients with H. pylori infection, compared to empiric standard triple therapy.37
Some patients were treated with standard triple therapy
even in the presence of point mutations at the beginning
of this study. When the DPO-based multiplex PCR was
introduced in our institution, it was not familiar to non-GI
specialists. Furthermore, there was not enough researches
about this test. Endoscopic examinations and DPO-based
multiplex PCR of these patients were performed by GI
specialists, but eradication regimen against H. pylori was
prescribed by non-GI specialists as well. After then, our institution put the meaning of these mutations in the DPObased multiplex PCR result document in order to induce
appropriate practice for H. pylori eradication, as follows:
“This test is a method to detect point mutations that were
related with clarithromycin resistance by a PCR. The presence of point mutations can be used to diagnose clarithromycin resistance.”
This study had several limitations. First, a DPO-based
multiplex PCR test is limited to the detection of A2142G
and A2143G point mutations. Other point mutations, such
as A2142C or A2144G, cannot be detected, although they
usually represent <5% of resistant genotypes. Second, the
number of patients with A2142G point mutation was small
and only four patients with the mutation were treated by
standard triple therapy. Third, this study was conducted at
a single tertiary center in Korea. Thus, it has been subject
to selection bias, and the findings cannot be generalized.
Fourth, DPO-based multiplex PCR could determine only
534 www.gutnliver.org

the presence of clarithromycin resistance, and we did not
attempt H. pylori cultures for other antibiotic susceptibility tests. Fifth, H. pylori status was assessed at 4 to 6 weeks
after the end of treatment by various diagnostic methods,
such as the rapid urease test or a 13C-urea breath test. The
diagnostic accuracy of these methods is >90%, according
to a previous report,38 so we considered that the different
diagnostic methods did not significantly affect the analysis.
Sixth, heterogeneity of H. pylori within a single subject
might result in treatment failure, even after a bismuth-quadruple therapy for the presence of a 23S rRNA point mutation.39 Finally, we could not investigate how many patients
underwent gastric biopsy according to the standard biopsy
protocol for H. pylori .
In conclusion, this study showed that A2143G, rather
than A2142G, was the prevalent point mutation attributed
to clarithromycin resistance. For patients with A2143G or
DPM, bismuth-quadruple therapy is superior to standard
triple therapy as the first-line therapy. Different types of
point mutation could affect the success rate of H. pylori
eradication, but further large-scale studies are needed.
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