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Abstract
Clarithromycin-based triple therapy is prescribed worldwide for Helicobacter pylori eradication. However, increases in the
clarithromycin resistance ofH pylori are thought to be responsible for eradication failure. Here, we studied whether point mutations in
domain V of the 23S rRNA gene can affect H pylori eradication failure in a prospective, open-label, observational study. Of the 755
enrolled patients, 299 patients (39.6%) had positive Campylobacter-like organism (CLO) tests. DNA sequencing analysis of H pylori
23S rRNA in 295 patients revealed that 2143G was the most frequent point mutation (24.7% of patients), followed by the 2182T
mutation (11.5%). The overall eradication failure rate was 20.9% (42/201) in clarithromycin-based triple therapy. Patients with the
2143G had an approximately 60% eradication failure rate, which suggested that 2143G was a high-risk genotype for eradication
failure. Patients with the 2182C genotype without 2143G had an 8.7% failure rate, and patients without 2143G or 2182C had only a
4.3% failure rate. The presence of 2143G, which was associated with previous eradication history and female sex, was an
independent risk factor for eradication failure. In conclusion, the 2143G point mutation in the 23S rRNA of H pylori was an
independent risk factor for eradication failure in clarithromycin-based triple therapy. Personalized tailored therapy based on the
genotypes of 23S rRNA can increase eradication success rates in H pylori infections.

Abbreviations: CI = confidence interval, CLO = Campylobacter-like organism, H pylori = Helicobacter pylori, PCR = polymerase
chain reaction, RR = relative risk, rRNA = ribosomal ribonucleic acid, UBT = urea breath test.
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1. Introduction

Helicobacter pylori is a gram-negative rod bacterium found in the
gastric mucosal lining and is virtually always associated with
chronic active gastritis, which predisposes the host to the
development of gastric ulcer, gastric atrophy, and ultimately
gastric carcinoma.[1] The prevalence of H pylori reaches 80% in
developing countries, 20% to 50% in industrialized countries
and approximately 50% in the global population.[2] Patients with
Campylobacter-like organism (CLO) test-positive peptic ulcers
should be treated for H pylori to prevent ulcer recurrence.[1,3]

Clarithromycin-based triple therapy is prescribed worldwide as
the first-line eradication regimen for H pylori.[1,4] However, the
clarithromycin resistance rate ofH pylori is reported to be 8% to
15% in Korea and 13% in the United States, and clarithromycin-
resistant strains are the most common cause of treatment failure
in compliant patients.[5–9] Although H pylori culture and
antimicrobial sensitivity tests are ideal ways to predict eradica-
tion outcomes, they are time consuming and require specific
micro-aerobic culture conditions.[10] As a result, it is hard to
routinely examine H pylori cultures and sensitivity tests for
antibiotics in a clinical setting.
Clarithromycin belongs to a family of macrolide antibiotics

that binds to the 23S rRNA of bacterial ribosomes, resulting in
the inhibition of bacterial peptide translation.[11] The resistance
of H pylori to clarithromycin is mostly due to point mutations
affecting domain V of the 23S rRNA gene, which is involved in
the peptidyl transferase reaction, a critical step in translation.[11]

Ideally, mutations in the 23S rRNA of H pylori are examined
prior to treatment, and treatment regimens are tailored to the
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mutation to reduce eradication failure. However, few studies
have investigated the clinical relevance of point mutations in H
pylori eradication.[12]

In this study, we investigated the point mutations of H pylori
via full DNA sequencing of 23S rRNA domain V. Then, we
studied the association between these point mutations and the
eradication failure of clarithromycin-based regimens.
2. Patients and methods

2.1. Patients and outcomes

Thisprospective, open-label, observational studywasconducted in
Daegu Fatima Hospital from June 2016 to November 2017. The
study protocol was approved by the Institutional Review Board of
Daegu Fatima Hospital (study number: DFH16DRIS026). This
study was registered in the Clinical Research Information Service
(CRIS) (study number: KCT0002668). Patients aged ≥ 18 years
who were willing to perform an upper gastrointestinal endoscopic
examination were eligible for enrollment. Patients who had a
history of gastrectomy,were pregnant or lactating, who had severe
concurrent disease or disability or were unable to understand the
consent were excluded. Informed consent was obtained from all
patients before enrollment. Patients were enrolled from June 2016
toMay 2017, and the last follow-up visit was in November 2017.
The primary end point of this study was to clarify the effect of

point mutations in the 23S rRNA of H pylori in the eradication
failure of clarithromycin-based triple therapy. The secondary end
point was to determine the eradication efficacy of a secondary
metronidazole-based regimen and to assess whether the point
mutations affected the eradication efficacy of the second-line
regimen.
2.2. H pylori detection and eradication treatment

H pylori infection status was determined by a rapid urease test
(CLO test) from antrum tissue biopsy using a Proton Dry NEW
kit (Gastrex, France). Patients with positive CLO tests were
prescribed a 7-day course of the clarithromycin-based triple
regimen, which consisted of 500mg of clarithromycin twice
daily, 1000mg of amoxicillin twice daily and 30mg of
lansoprazole twice daily. Posttreatment H pylori status was
determined by in vitro 13C urea breath test (UBT) at least 6 weeks
after the completion of treatment using the HUBT-20 H pylori
breath analysis system (Headway, China).
When the UBTwas positive, patients were treated with second-

line metronidazole-based quadruple therapy, which was com-
posed of 250mg of metronidazole four times daily, 300mg of
bismuth subcitrate four times daily, 500mg of tetracycline four
times daily and 20mg of omeprazole twice daily for 14 days, and
6 weeks later, the UBT was repeated to confirm H pylori
eradication.
2.3. DNA extraction and direct sequencing of the 23S
rRNA gene of H pylori

If the CLO test was positive, whole DNA was extracted from
additional biopsy tissue using a QIAamp DNA Mini Kit
(QIAGEN, #51306) according to the manufacturer’s protocol.
The extracted DNA concentration was assessed with NanoDrop
spectrophotometers (Thermo Scientific, Waltham, MA), and
patients whose DNA extraction concentration was <50ng/mL
were excluded from sequencing analysis. We examined the
2

nucleotide sequence of domain V in the 23S rRNA gene of H
pylori by amplifying a segment of approximately 330bp in seven
H pylori strains using PCR primers 23S F (50-TGA ATG TAA
CGA GAT G-30, corresponding to H pylori 23S rRNA positions
2052–2070) and 23S R (50-GCC AAA GCC CTT ACT TCA-30,
positions 2216–2233). Nucleotide sequencing of the amplified
DNA was performed by a commercial expert agency (www.
solgent.com, Daejeon, South Korea).
2.4. Sample size estimation and statistical analysis

We assumed that the prevalence of H pylori was 45% and that
the eradication success rate of the clarithromycin-based triple
regimen was 80% based on references.[13,14] The prevalence of
the 2143G and 2182T point mutations in 23S rRNA was
approximately 14%and 12% in the literature, respectively.[15–19]

Based on this assumption, we calculated that a total 750 patients
needed to be included to obtain 65 patients with a 2143G or
2182T point mutation considering a 15% dropout during
eradication treatment and UBT.
Data were analyzed using SPSS software (version 18.0).

Baseline continuous data were expressed as the means and
standard deviations, and categorical data were presented as
numbers and percentages. Continuous data were compared using
Student t-tests, and categorical data were compared by Chi-
squared tests. Binary logistic regression analysis was performed
to calculate the independent relative risk and corresponding 95%
confidence intervals for H pylori eradication failure with a
clarithromycin-based triple regimen. For all tests, P< .05
indicated statistical significance.
3. Results

3.1. Participant flow and demographic data

Participant selection and drop out are presented in a flow chart in
Figure 1. A total of 755 patients were enrolled for upper
gastrointestinal endoscopy and completed CLO testing. The CLO
results were positive in 299 patients (39.6%);Hpylori 23S rRNA
sequencing was conducted in 295 of these patients, but it could
not be performed in 4 patients due to low DNA concentrations
(<50ng/mL). First-line clarithromycin-based eradication therapy
for H pylori was prescribed in 253 patients. Then, UBT was
conducted in 201 patients at least 6 weeks later, and 42 patients
(20.9%) had a positive UBT result, suggesting eradication failure.
Second-line metronidazole-based quadruple therapy was pre-
scribed to 32 patients, and a second UBT was conducted 6 weeks
later, resulting in only 1 case of treatment failure (Fig. 1).
Baseline demographic data showed that patients with positive

CLO results were older than patients in with negative results
(P= .027). Other parameters, such as gender, body mass index,
the incidence of gastric or duodenal ulcer, and previous H pylori
eradication history, failed to show any differences between the
CLO-positive and CLO-negative groups (Table 1).
3.2. Sequencing data for the H pylori 23S rRNA gene in
295 patients

Wedetected 5 single-nucleotide substitutionmutations in domain
V of the H pylori 23S rRNA gene in 295 Korean participants
(Table 2). The 2143A>G point mutation was the most frequent
(approximately 25% of patients) and was followed by the
2182C>T mutation (11.5%). The other three mutations had a
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Figure 1. Flow diagram of participants in this study.
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lower incidence: 1.7% for 2142A>G and 1.4% for 2190T>C
and 2195C>T. None of our patients had mutations at nucleotide
positions 2115, 2144, 2711, 2223, or 2244, which had been
reported to confer clarithromycine resistance in H pylori.[17] In
terms of combined genotype structures, 2143A-2182C was most
Table 1

Demographic data according to Campylobacter-like organism
(CLO) test results (n=755).

CLO (+) (n=299) CLO (�) (n=456) P

Age, years 58.57±11.75 60.63±13.57 .027
Sex, male 153 (51.2%) 230 (50.4%) .844
BMI, kg/m2 23.96±4.38 23.90±4.54 .603
Gastric ulcer 71 (23.7%) 89 (19.5%) .164
Gastric carcinoma 18 (6.0%) 23 (5.0%) .563
Duodenal ulcer 266 (89.0%) 424 (93.0%) .054
Eradication history 51 (17.1%) 80 (17.5%) .863

CLO test was positive in 39.6% of the examined individuals.
BMI=body mass index, CLO=Campylobacter-like organism.
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frequent in 64.5% of patients, which was followed by 2143G-
2182C in 23.6% of patients, and 2143A-2182T in 10.5% of
patients. Patients with 2143G-2182T were in the minority
(1.0%) (Table 2).

3.3. Eradication failure and point mutations in the H pylori
23S rRNA gene

We investigated the role of point mutations in the H pylori 23S
rRNA gene in the eradication failure of clarithromycine-based
triple therapy by clarithro the failure rate according to the most
frequent mutations of 2143A>G and 2182C>T (Table 3). The
overall eradication failure rate of the clarithromycine-based
regimen was 20.9% (42/201). The presence of the 2143G
genotype in patients with 2143G-2182C and 2143G-2182T
increased the eradication failure rate to 57.7%, suggesting that it
was a high-risk genotype for eradication failure in the
clarithromycine-based regimen. Interestingly, the presence of
the 2182T without 2143G reduced the treatment failure rate to
approximately 4%,meaning that 2143A-2182Twas the low-risk
genotype for predicting eradication success. The most frequent
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Table 2

Genetic mutation analysis of 23S rRNA domain V in H pylori.

Direct sequencing (n=295)

Genotype 2142A>G 2143A>G 2182C>T 2190T>C 2195C>T

Dominant 289 (98.0%) 222 (75.3%) 261 (88.5%) 291 (98.6%) 291 (98.6%)
Rare 5 (1.7%) 73 (24.7%) 34 (11.5%) 4 (1.4%) 4 (1.4%)
Not determined 1 (0.3%) 0 0 0 0

Combined genotype 2143A-2182C 2143G-2182C 2143A-2182T 2143G-2182T

191 (64.5%) 70 (23.6%) 31 (10.5%) 3 (1.0%)

Table 3

Eradication failure rate based on urea breath test (UBT) according to the 2143A>G and 2182 C>T genotypes of 23S rRNA in H pylori.
Genotype 2143A 2143G 2182C 2182T
Failure/Total 12/149 (8.1%) 30/52 (57.7%) 39/175 (22.3%) 3/26 (11.5%)

Combined genotype 2143A-2182C 2143A-2182T 2143G-2182C 2143G-2182T Total
Failure/Total 11/126 (8.7%) 1/23 (4.3%) 28/49 (57.1%) 2/3 (66.7%) 42/201 (20.9%)
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combined genotype, 2143A-2182C, had an eradication failure
rate of 8.7%.
We then conducted risk factor analysis for eradication failure

in the clarithromycine-based regimen (Table 4). In univariate
analyses, older age was related to eradication failure (P= .040),
whereas male sex, the presence of gastric or duodenal ulcer, and
eradication history failed to show statistical significance. The
presence of the 2143G and the 2143G-2182C in 23S rRNA was
significantly associated with eradication failure in first-line
therapy (P< .001), and the presence of the 2143A-2182T was
sensitive to eradication treatment in univariate analysis (P
= .038). We conducted logistic regression analyses to elucidate
whether the point mutations in H pylori 23S rRNA are
independent risk factors for eradication failure. When we
consider interactions with other risk factors, such as age and
female sex, the presence of the 2143G genotype and the 2143G-
2182C contributes to a more than 16-fold and 13-fold increase in
the risk of eradication failure in multivariate model 1 and 2,
respectively (Table 4). However, the presence of 2143A-2182T
combined genotype failed to show an independent role in
eradication success, which may have resulted from low statistical
power due to the low incidence of the 2182T mutation (data not
shown). When we clarithr factors associated with the presence of
2143G, previous eradication history and female sex were
Table 4

Univariate and multivariate analyses of factors influencing H pylori e

Univariate

Success (n=159) Failure (n=42) RR (95% CI)

Age, years 57.40±11.67 61.50±10.52 1.033 (1.001–1.066)
Sex, female 71 (44.7%) 25 (59.5%) 1.823 (0.913–3.637)
Gastric ulcer 42 (26.4%) 9 (21.4%) 0.760 (0.336–1.720)
Duodenal ulcer 140 (88.1%) 39 (92.9%) 1.764 (0.496–6.272)
Eradication history 21 (13.7%) 8 (19.0%) 0.647 (0.264–1.585)
2143G 22 (13.8%) 30 (71.4%) 15.568 (6.948–34.882)
2182C 23 (14.5%) 3 (7.1%) 0.455 (0.130–1.595)
2143G/2182C 21 (13.2%) 28 (66.7%) 13.143 (5.971–28.927)
2143A/2182T 22 (13.8%) 1 (4.3%) 0.152 (0.020–1.161)

CI= confidence interval, RR= relative risk.
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independent risk factors for the presence of 2143G, the risk
genotype for eradication failure (Table 5).
3.4. Eradication rate of the second-line metronidazole-
based regimen

Among the 42 patients with positive UBT, 34 were treated with
second-line metronidazole-based quadruple therapy for 14 days.
Surprisingly, the second UBT assessed 6 weeks later revealed only
one case of eradication failure. This result suggested that the
empirical use of a metronidazole-tetracycline-bismuth-PPI regi-
men in 2143G-positive patients could profoundly reduce the
eradication failure rate (Fig. 1).
4. Discussion

The most interesting finding of this study was that the presence of
the 2143G point mutation in the 23S rRNA of H pylori
independently contributed to a 16-fold increase in the eradication
failure risk of the clarithromycine-based triple regimen. The
eradication failure rate in patients with 2143G reached
approximately 60%. In addition, patients with the 2143A-
2182T were susceptible to the clarithromycine-based regimen;
only one patient failed to eradicate H pylori (1/23; 4.3%)
radication failure.

Multivariate model 1 Multivariate model 2

P RR (95% CI) P RR (95% CI) P

.040 1.036 (0.998–1.075) .064 1.034 (0.997–1.071) .070

.086 1.051 (0.454–2.434) .908 1.044 (0.453–2.403) .921

.509

.375

.338
<.001 15.873 (6.803–37.037) <.001
.208

<.001 13.395 (5.830–30.778) <.001
.038



Table 5

Logistic regression analysis of factors associated with the presence of 2143G in the H pylori 23S rRNA gene.

Univariate Multivariate

2143G (n=73) 2143A (n=222) P RR (95% CI) P

Age, years 59.64±11.49 58.27±11.77 .383
Sex (female) 46 (63.0%) 94 (42.3%) .002 0.432 (0.237–0.785) .006
BMI, kg/m2 24.0±3.01 24.13±4.80 .841
Gastric ulcer 12 (16.4%) 60 (27.0%) .068 0.985 (0.483–2.006) .966
Duodenal ulcer 68 (93.2%) 197 (88.7%) .279
Eradication history 27 (37.0%) 19 (8.6%) <.001 3.127 (3.127–12.544) <.001

BMI=body mass index, CI= confidence interval, RR= relative risk.
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(Table 3). Based on our results, 2143G can be categorized as
a high-risk genotype with an eradication failure rate of
approximately 60%, 2182C without 2143G can be categorized
as a medium-risk genotype with an approximately 10% failure
rate, and the absence of 2143G and 2182C can be categorized
as susceptible to clarithromycine-based triple therapy. These
results suggest the possibility of a personalized eradication
regimen for the 2143A>G and 2182C>T genotypes that can
dramatically improve the eradication success rate. If patients
with 2143G were treated with a second-line regimen from the
beginning, the total eradication failure rate would be reduced to
less than 10%.
This study also found important preconditions for the clinical

application of 23S rRNA point mutations in predicting the
clarithromycine resistance of H pylori. First, 23S rRNA DNA
sequencing was possible in 99% of patients (295/299, Fig. 1).
This finding suggests that we can obtain a sufficient amount of
DNA (more than 50ng/mL) for DNA sequencing analysis from
one piece of a gastric antral biopsy specimen. Considering that
the sensitivity of diagnostic H pylori cultures by experienced
laboratories has been reported as 50–92%,[20–22] 23S rRNA
DNA mutation analysis has excellent sensitivity compared to H
pylori cultures. Second, DNA sequencing of domain V in the 23S
rRNA gene revealed only 2 major point mutations, 2143A>G
and 2182C>T. Other point mutations, such as 2142A>G,
2190T>C and 2195C>T, showed low mutation rates (below
2%), and mutations at nucleotide positions 2115, 2144, 2711,
2223, and 2244, which were reported to confer clarithromycine
resistance, were not found in our participants.[17] If multiple
point mutations affecting clarithromycine resistance exist and
form complex interactions, it can be difficult to estimate
clarithromycine resistance via a point mutation test. However,
point mutations can have patterns that vary by region or country,
and further investigation of the regional differences in point
mutation patterns in the 23S rRNA of H pylori are needed.
When the 2182T is combined with the 2143A allele, the

resulting phenotype is susceptible to the clarithromycine-based
regimen. Microbiologic evidence revealed that transduction of
the 2182C genotype into a susceptible wild-type H pylori strain
failed to result in the clarithromycine-resistant phenotype, which
mainly depends on the presence of the 2143G allele.[23]

Considering this evidence, the protective phenotype of the
2182T and 2143A alleles can result from the status of linkage
disequilibrium between 2143A>G and 2182C>T. This observa-
tion suggests that the 2182C>T genotype is coupled with the
2143A>G as they are located close to one another, and therefore,
the effect of the 2182 genotype on clarithromycine resistance
depends on the presence of 2143G.[24] Approximately 90% of
5

patients with 2182T had the 2143A genotype, representing a
susceptible genotype (Table 3).
In this study, we discovered an association between previous

eradication history and the presence of the 2143G clarithromy-
cine-resistant allele, which was expected (Table 5). In the absence
of antibiotics, the wild-type H pylori 23S rRNA gene has the
2143A genotype, which results in a phenotype susceptible to
clarithromycine, and a small fraction of mutatedH pylori has the
2143G genotype. In the presence of antibiotic pressure, these
mutated bacteria with 2143G, which are resistant to clarithro-
mycine, can selectively accumulate to form the majority of the
population.[25] If genotype analysis for 2143A>G and 2182C>T
is selectively available due to its cost, it may be reasonable to
perform genotype tests in patients with a previous eradication
history.
Female patients showed a lower eradication rate than male

patients in univariate analysis, even though this trend failed to
obtain a statistical significance (Table 3). In addition, female
patients had a higher incidence of the 2143G clarithromycine-
resistant genotype than male patients, although the positive rate
of H pylori infection was not different between sexes (Table 5).
Several lines of evidence revealed that females showed a higher
prevalence of clarithromycine or metronidazole resistance than
males, and this difference led to lower eradication rates in females
than in males.[26–28] Pathologically, females with H pylori
infection showed a lower degree of inflammation and lower
activity scores in the antrum than males, which were associated
with lower interleukin-8 production in the gastric mucosal
samples of females than of males.[29] It is well known that both
microbial and host factors are critical for the clinical manifesta-
tion of H pylori infection and eradication failure. The sex-based
difference in the inflammatory response may influence the
eradication rate and accumulation of mutated H pylori.
In conclusion, this study demonstrated that the presence of the

2143G point mutation in the 23S rRNA of H pylori has an
approximately 60% eradication failure rate and was an
independent risk factor for eradication failure in a clarithromy-
cine-based regimen. The prevalence of 2143G was 24.7%, and
this mutation was independently associated with previous
eradication history and female sex. These observations may
suggest a personalized treatment strategy for H pylori infection
according to 23S rRNA genotype.
Author contributions

Author contributions: Concept and design: CP, HJ, and SH;
analysis and interpretation of the data: CP, SK, and SH; data
collection and experimental procedures: SK, CP, and EL; drafting

http://www.md-journal.com


[12] Lee JH, Shin JH, Roe IH, et al. Impact of clarithromycin resistance on

Park et al. Medicine (2018) 97:33 Medicine
of the manuscript: CP, SK, and SH; final approval: CP, SK, EL,
HJ, and SH.
Conceptualization: Chang-Geun Park, Hyo-Sung Jeon,
Seungwoo Han.

Data curation: Chang-Geun Park, Seohyeon Kim, Eun-Ju Lee,
Seungwoo Han.

Formal analysis: Chang-Geun Park, Seohyeon Kim, Seungwoo
Han.

Funding acquisition: Hyo-Sung Jeon, Seungwoo Han.
Investigation: Chang-Geun Park, Seohyeon Kim, Eun-Ju Lee,
Hyo-Sung Jeon.

Methodology: Chang-Geun Park, Seohyeon Kim, Eun-Ju Lee,
Hyo-Sung Jeon, Seungwoo Han.

Resources: Seungwoo Han.
Validation: Seohyeon Kim, Eun-Ju Lee.
Writing – original draft: Seungwoo Han.
Writing – review & editing: Hyo-Sung Jeon, Seungwoo Han.

References

[1] McColl KE. Clinical practice. Helicobacter pylori infection. N Engl J
Med 2010;362:1597–604.

[2] Fock KM, Ang TL. Epidemiology of Helicobacter pylori infection and
gastric cancer in Asia. J Gastroenterol Hepatol 2010;25:479–86.

[3] O’Connor A, Fischbach W, Gisbert JP, et al. Treatment of Helicobacter
pylori infection 2016. Helicobacter 2016;21(suppl 1):55–61.

[4] Urgesi R, Cianci R, RiccioniME. Update on triple therapy for eradication
of Helicobacter pylori: current status of the art. Clin Exp Gastroenterol
2012;5:151–7.

[5] Hwang TJ, Kim N, Kim HB, et al. Change in antibiotic resistance of
Helicobacter pylori strains and the effect of A2143G point mutation of
23S rRNA on the eradication of H pylori in a single center of Korea. J
Clin Gastroenterol 2010;44:536–43.

[6] Kim JM, Kim JS, Jung HC, et al. Distribution of antibiotic MICs for
Helicobacter pylori strains over a 16-year period in patients from Seoul,
South Korea. Antimicrob Agents Chemother 2004;48:4843–7.

[7] Yoon KH, Park SW, Lee SW, et al. Clarithromycin-based standard triple
therapy can still be effective for Helicobacter pylori eradication in some
parts of the Korea. J Korean Med Sci 2014;29:1240–6.

[8] Park JY, Dunbar KB, Mitui M, et al. Helicobacter pylori clarithromycin
resistance and treatment failure are common in the USA. Dig Dis Sci
2016;61:2373–80.

[9] Gisbert JP, Calvet X. Review article: the effectiveness of standard triple
therapy forHelicobacter pylori has not changed over the last decade, but
it is not good enough. Aliment Pharmacol Ther 2011;34:1255–68.

[10] Megraud F, Lehours P. Helicobacter pylori detection and antimicrobial
susceptibility testing. Clin Microbiol Rev 2007;20:280–322.

[11] Hulten K, Gibreel A, Skold O, et al. Macrolide resistance inHelicobacter
pylori: mechanism and stability in strains from clarithromycin-treated
patients. Antimicrob Agents Chemother 1997;41:2550–3.
6

eradication of Helicobacter pylori in infected adults. Antimicrob Agents
Chemother 2005;49:1600–3.

[13] Lim SH, Kwon JW, Kim N, et al. Prevalence and risk factors of
Helicobacter pylori infection in Korea: nationwide multicenter study
over 13 years. BMC Gastroenterol 2013;13:104.

[14] Lee JW, Kim N, Kim JM, et al. Prevalence of primary and secondary
antimicrobial resistance of Helicobacter pylori in Korea from 2003
through 2012. Helicobacter 2013;18:206–14.

[15] Kim KS, Kang JO, Eun CS, et al. Mutations in the 23S rRNA gene of
Helicobacter pylori associated with clarithromycin resistance. J Korean
Med Sci 2002;17:599–603.

[16] Chen S, Li Y, Yu C. Oligonucleotide microarray: a new rapid method for
screening the 23S rRNA gene ofHelicobacter pylori for single nucleotide
polymorphisms associated with clarithromycin resistance. J Gastro-
enterol Hepatol 2008;23:126–31.

[17] Rimbara E, Noguchi N, Kijima H, et al. Mutations in the 23S rRNA gene
of clarithromycin-resistant Helicobacter pylori from Japan. Int J
Antimicrob Agents 2007;30:250–4.

[18] Khan R, Nahar S, Sultana J, et al. T2182C mutation in 23S rRNA is
associated with clarithromycin resistance in Helicobacter pylori isolates
obtained in Bangladesh. Antimicrob Agents Chemother 2004;48:
3567–9.

[19] Eun CS, Han DS, Park JY, et al. Changing pattern of antimicrobial
resistance of Helicobacter pylori in Korean patients with peptic ulcer
diseases. J Gastroenterol 2003;38:436–41.

[20] Ramis IB, de Moraes EP, Fernandes MS, et al. Evaluation of diagnostic
methods for the detection of Helicobacter pylori in gastric biopsy
specimens of dyspeptic patients. Braz J Microbiol 2012;43:903–8.

[21] Hirschl AM, Makristathis A. Methods to detect Helicobacter pylori:
from culture to molecular biology. Helicobacter 2007;12(suppl 2):6–11.

[22] Lee HC, Huang TC, Lin CL, et al. Performance of routine Helicobacter
pylori invasive tests in patients with dyspepsia. Gastroenterol Res Pract
2013;2013:184806.

[23] Burucoa C, Landron C, Garnier M, et al. T2182C mutation is not
associated with clarithromycin resistance in Helicobacter pylori.
Antimicrob Agents Chemother 2005;49:868author reply -70.

[24] Aissani B. Confounding by linkage disequilibrium. J Hum Genet
2014;59:110–5.

[25] Nishizawa T, Suzuki H. Mechanisms of Helicobacter pylori antibiotic
resistance and molecular testing. Front Mol Biosci 2014;1:19.

[26] Perri F, Villani MR, Festa V, et al. Predictors of failure of Helicobacter
pylori eradication with the standard ‘Maastricht triple therapy’. Aliment
Pharmacol Ther 2001;15:1023–9.

[27] Kim SE, ParkMI, Park SJ, et al. Trends inHelicobacter pylori eradication
rates by first-line triple therapy and related factors in eradication therapy.
Korean J Intern Med 2015;30:801–7.

[28] Moayyedi P, Chalmers DM, Axon AT. Patient factors that predict failure
of omeprazole, clarithromycin, and tinidazole to eradicate Helicobacter
pylori. J Gastroenterol 1997;32:24–7.

[29] Kato S, Matsukura N, Togashi A, et al. Sex differences in mucosal
response toHelicobacter pylori infection in the stomach and variations in
interleukin-8, COX-2 and trefoil factor family 1 gene expression.
Aliment Pharmacol Ther 2004;20(Suppl 1):17–24.


	Clinical relevance of point mutations in the 23S rRNA gene in Helicobacter pylori eradication
	1 Introduction
	2 Patients and methods
	2.1 Patients and outcomes
	2.2 H pylori detection and eradication treatment
	2.3 DNA extraction and direct sequencing of the 23S rRNA gene of H pylori
	2.4 Sample size estimation and statistical analysis

	3 Results
	3.1 Participant flow and demographic data
	3.2 Sequencing data for the H pylori 23S rRNA gene in 295 patients
	3.3 Eradication failure and point mutations in the H pylori 23S rRNA gene
	3.4 Eradication rate of the second-line metronidazole-based regimen

	4 Discussion
	Author contributions
	References


