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Objectives: We evaluate the efficacy of concomitant therapy for Helicobacter pylori infection and the associated
factors that influence it in China, where it has not previously been investigated.

Methods: In this prospective study, 374 consecutive patients with H. pylori infection were randomly assigned to
10 day regimens of concomitant therapy with different proton pump inhibitors: esomeprazole (20 mg)/omepra-
zole (20 mg), amoxicillin (1000 mg), clarithromycin (500 mg) and metronidazole (400 mg). All drugs were admi-
nistered twice daily. A [13C]urea breath test was performed at least 4 weeks after the completion of treatment.
Gene polymorphisms and antimicrobial susceptibility were determined.

Results: A total of 374 patients with active, uncomplicated duodenal ulcer disease were enrolled in the study
(187 cases in each group). The overall eradication rate resulting from concomitant therapy was 90.7% (PP)
and 86.1% (ITT) and the eradication rate was significantly higher in the group that received an esomeprazole-
based regimen compared with the group that received an omeprazole-based regimen [95.4% versus 86.0%,
respectively, P¼0.003 (PP) and 89.8% versus 82.4%, P¼0.036 (ITT), respectively]. Moreover, the omeprazole-
based regimen was an independent risk factor for treatment failure (P¼0.039), as were CYP2C19 extensive
metabolizer (P¼0.005), clarithromycin (P¼0.000) and metronidazole resistance (P¼0.000). In addition,
CYP2C19 polymorphisms and antibiotic resistance had a synergistic effect on eradication rates. The majority
of side effects were mild and none was serious.

Conclusions: The 10 day concomitant therapy yielded an eradication rate of nearly 90%. Antibiotic resistance,
CYP2C19 polymorphisms and their interactions were closely associated with regimen efficacy.

Introduction
Helicobacter pylori is closely associated with gastritis, peptic ulcer
disease, gastric cancer and various extra-gastric diseases.1

Recently, the eradication rate resulting from standard triple
therapy has steadily declined to far below 80%,2,3 mainly due to
clarithromycin resistance.1 Triple therapy is therefore no longer
recommended for H. pylori eradication in China.4

Non-bismuth quadruple therapies have been recommended to
address antibiotic resistance.1 Sequential therapy becomes inef-
fective in the presence of metronidazole resistance and has
been shown to be inferior (eradication rates ,80%) to standard
triple therapy in China.4,5 Concomitant therapies consisting of
a proton pump inhibitor (PPI), amoxicillin, clarithromycin and

metronidazole have the advantage of being effective in the pres-
ence of isolated clarithromycin or metronidazole resistance;
indeed, it is only overcome by the presence of dual clarithromycin
and metronidazole resistance.6,7 However, few studies have eval-
uated the efficacy and safety of concomitant therapies in China,
especially in strains with antimicrobial resistance.

The cytochrome P450 isoenzyme 2C19 (CYP2C19) and IL-1b
polymorphisms, which affect the availability of administered
PPI and intragastric acidity, are factors that may influence eradica-
tion regimens.1 For example, the efficacy of administering an
omeprazole-based triple therapy at a standard dose depends
upon the CYP2C19 genotype status, which is less likely to affect
the efficacy of esomeprazole-based regimens.8,9 Moreover, the
eradication rate among patients with IL-1b-511 C/C is significantly
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lower than the rate in patients with IL-1b-511 C/T and T/T.10

However, inconsistent results have been reported concerning the
roles they play in eradication regimens,11,12 and their effects have
not been verified in concomitant therapies.

In this study, we evaluated the effectiveness of a 10 day con-
comitant therapy with two PPIs (esomeprazole and omeprazole)
in patients with uncomplicated duodenal ulcer disease (DU) in the
active phase and infected with H. pylori.

Methods

Trial design and participants
See Methods S1 (available as Supplementary data at JAC Online).

Eradication and rescue regimens
The patients were randomly (1:1, computer-generated sequence and
sealed opaque envelopes) assigned to receive different 10 day concomi-
tant therapies consisting of esomeprazole (20 mg)/omeprazole (20 mg),
amoxicillin (1000 mg), clarithromycin (500 mg) and metronidazole
(400 mg). All drugs were taken concurrently twice daily. If H. pylori eradi-
cation failed, the patients were offered an empirical bismuth-containing
quadruple regimen consisting of esomeprazole (20 mg), bismuth potas-
sium citrate (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg).
All drugs were taken concurrently twice daily for 10 days.

Outcome evaluation
The primary outcomes were as follows: (i) the H. pylori eradication rate of
the concomitant therapy; and (ii) the effect of antibiotic resistance and
CYP2C19 polymorphisms on eradication. The secondary outcomes were
the safety of the regimen and other influencing factors.

Demographics, side effects and compliance evaluation
See Methods S2.

Evaluation of H. pylori resistance and eradication
See Methods S3.

Detection of CYP2C19 and IL-1b polymorphisms
See Methods S4.

Statistical analysis
See Methods S5.

Ethics
See Methods S6.

Results

Patient screening

A total of 586 uncomplicated DU patients were screened. Of these
patients, 212 were excluded. A final total of 374 DU patients (227
males and 147 females with a mean age+SD of 40.2+11.8 years)
were included in the study (187 patients in each group). A total of
13 patients (3.5%) withdrew (Figure S1).

Demographics, side effects and compliance

See Results S1, Tables S1 and S2.

Antimicrobial susceptibility

See Results S2 and Table S3.

Prevalence of CYP2C19 and IL-1b polymorphisms

See Results S3 and Table S1.

Eradication of H. pylori infection

The eradication rates resulting from the concomitant therapy
were 90.7% and 86.1% based on PP and ITT analyses, respectively.
The esomeprazole-based regimen yielded a higher eradication
rate than the omeprazole-based regimen in both PP and ITT ana-
lyses (95.4% versus 86.0%, OR¼3.388, 95% CI¼1.477–7.772,
x2¼9.128, P¼0.003; 89.8% versus 82.4%, OR¼1.895, 95% CI¼
1.034–3.471, x2¼4.378, P¼0.036) (Table S4). Furthermore, the
omeprazole-based regimen was an independent predictor of
treatment failure (OR¼2.573, 95% CI¼1.050–6.305, x2¼4.274,
P¼0.039) (Table S5).

Effect of antibiotic resistance on eradication rates

The eradication rates for the clarithromycin- and metronidazole-
susceptible strains were significantly higher than the rates for
the clarithromycin- and metronidazole-resistant strains (91.0%
versus 55.8%, OR¼8.013, 95% CI¼4.112–15.615, x2¼46.405,
P¼0.000; 94.2% versus 80.3%, OR¼4.013, 95% CI¼1.894–8.506,
x2¼14.794, P¼0.000). Moreover, clarithromycin (OR¼19.451, 95%
CI¼7.050–53.668, x2¼32.849, P¼0.000) and metronidazole
(OR¼12.592, 95% CI¼3.671–43.189, x2¼16.225, P¼0.000) resis-
tances were independent risk factors for treatment failure in the
multivariate analysis (Table S5).

The eradication rate was highest for the dual clarithromycin-
and metronidazole-susceptible strains (95.6%), followed by
the single metronidazole-resistant (87.6%) and clarithromycin-
resistant (84.2%) strains. The rates for all of these strains were sig-
nificantly higher than the rate for the dual-resistant strain (39.4%)
(P¼0.003–0.000). However, the eradication rates for the single
clarithromycin- and metronidazole-resistant strains were not sig-
nificantly lower than the rate for the dual susceptible strain
(84.2% versus 95.6%, OR¼0.244, 95% CI¼0.056– 1.073,
x2¼3.996, P¼0.046; 87.6% versus 95.6%, OR¼0.013, 95%
CI¼0.128 –0.816, x2¼6.229, P¼0.013; Bonferroni correction,
P,0.008) (Table S6).

Effect of CYP2C19 and IL-1b polymorphisms
on eradication rates

The eradication rate among patients with CYP2C19 extensive metab-
olizer (EM) was significantly lower than the rate among patients with
intermediate metabolizer+poor metabolizer (IM+PM) (80.6%
versus 90.0%, OR¼0.465, 95% CI¼0.257 –0.843, x2¼6.571,
P¼0.01). Moreover, CYP2C19 EM was an independent predictor
of treatment failure (OR¼0.291, 95% CI¼0.124– 0.684,
x2¼8.014, P¼0.005) (Table S5). There was no difference in the
eradication rate between EM and IM+PM in the esomeprazole
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group (89.2% versus 90.3%, OR¼0.890, 95% CI¼0.340–2.328,
x2¼0.057, P¼0.812). However, the eradication rate for IM+PM
was significantly higher than the rate for EM in the omeprazole
group (89.6% versus 72.8%, OR¼3.220, 95% CI¼1.457–7.119,
x2¼8.899, P¼0.003). The eradication rate for EM was signifi-
cantly higher in the esomeprazole group than in the omeprazole
group (89.2% versus 72.8%, OR¼3.076, 95% CI¼1.273–7.432,
x2¼6.623, P¼0.01). However, there was no difference in the
eradication rate for IM+PM between the groups (90.3% versus
89.6%, OR¼1.074, 95% CI¼0.445–2.592, x2¼0.025, P¼0.874)
(Table S7).

No association was found between IL-1b polymorphisms and
eradication rates (Table S5).

Synergistic effect of CYP2C19 polymorphisms
and antibiotic resistance on eradication rates

The eradication rate was highest in patients with CYP2C19
IM+PM/clarithromycin susceptibility/metronidazole susceptibility
(96.3%) and lowest in patients with CYP2C19 EM/clarithromycin
resistance/metronidazole resistance (72.7%). In addition,
the eradication rate was significantly higher in patients with
CYP2C19 IM+PM/clarithromycin resistance/metronidazole resist-
ance than in patients with CYP2C19 EM/clarithromycin resistance/
metronidazole resistance (86.2% versus 72.7%, OR¼2.349,
95% CI¼1.219–4.525, x2¼6.721, P¼0.01), but no difference
was found between patients with CYP2C19 EM/clarithromycin
susceptibility/metronidazole susceptibility and CYP2C19
IM+PM/clarithromycin susceptibility/metronidazole suscepti-
bility (94.6% versus 96.3%, OR¼0.679, 95% CI¼0.132–3.496,
x2¼0.216, P¼0.688). In patients with both CYP2C19 EM/clarithro-
mycin susceptibility/metronidazole susceptibility and CYP2C19
IM+PM/clarithromycin susceptibility/metronidazole susceptibility,
the eradication rate was significantly higher than the rate
in patients with CYP2C19 EM/clarithromycin resistance/
metronidazole resistance (94.6% versus 72.7%, OR¼6.625,
95% CI¼1.909–22.995, x2¼11.006, P¼0.001 and 96.3% versus
72.7%, OR¼9.75, 95% CI¼2.835–33.526, x2¼17.818, P¼0.000,
respectively). Moreover, the eradication rate was significantly higher
in patients with CYP2C19 IM+PM/clarithromycin susceptibility/
metronidazole susceptibility than in patients with CYP2C19
IM+PM/clarithromycin resistance/metronidazole resistance (96.3%
versus 86.2%, OR¼4.151, 95% CI¼1.189–14.499, x2¼5.721,
P¼0.019). However, there was no difference in the eradication
rate between patients with CYP2C19 EM/clarithromycin susceptibil-
ity/metronidazole susceptibility and CYP2C19 IM+PM/clarithromy-
cin resistance/metronidazole resistance (94.6% versus 86.2%,
OR¼0.355, 95% CI¼0.101–1.250, x2¼2.803, P¼0.133) (Table S8).

Other factors that influenced eradication rates

See Results S4 and Table S5.

Rescue therapies

See Results S5.

Discussion
In the present study, we evaluated the effect of antibiotic resist-
ance and CYP2C19 polymorphisms on concomitant therapy with

two PPIs. Our results confirm that 10 day concomitant therapy is
an effective, safe and well-tolerated treatment option. Antibiotic
resistance, CYP2C19 EM and a compliance rate ,80% were inde-
pendent predictors of treatment failure. CYP2C19 polymorphisms
and antibiotic resistance had a synergistic effect on eradication
rates. Dual resistance, but not single resistance, was associated
with treatment failure.

As previously mentioned, antibiotic resistance has progres-
sively increased and varies substantially in China. The overall
resistance rates for metronidazole, clarithromycin and amoxicillin
are reported to be 67.2%–95.4%, 21.5%–37.5% and 0.1%–6.8%,
respectively.13,14 Concomitant therapy has been widely recom-
mended in many areas to address antibiotic resistance1 and
10 day regimens result in superior eradication rate (.90%) in
some areas.15 – 17 However, the efficacy of these regimens varies
substantially between areas, likely because of differences in pat-
terns of antibiotic resistance.15,18,19 Moreover, sufficient data on
the eradication rates of concomitant therapies in mainland
China are not available. A recent study indicated unsatisfactory
eradication rates of 78.3% (ITT) and 87.4% (PP) at three tertiary
hospitals, in which the clarithromycin resistance rate was
48.8%.20 However, in the present study, a 10 day concomitant
therapy yielded effective eradication rates of 86.1% (ITT) and
90.7% (PP), with a clarithromycin resistance rate of 13.9%, indi-
cating that this approach may represent a promising regimen in
areas with relatively low clarithromycin resistance.

Antibiotic resistance was closely associated with the efficacy of
the regimen.1 One initial study verified that the eradication rate was
highest in patients with dual metronidazole- and clarithromycin-
susceptible strains, followed by single metronidazole- or clarithromy-
cin-resistant strains, and lowest in dual-resistant strains.20 Moreover,
single metronidazole or clarithromycin resistance, but not dual
resistance, could be overcome by concomitant therapy, as men-
tioned in some previous studies.6,7 In this study, clarithromycin
and metronidazole resistances were independent predictors of
treatment failure. The eradication rate was significantly higher in
cases with dual susceptibility (clarithromycin and metronidazole)
and single-resistant strains than in cases with dual resistance.
Moreover, dual resistance, but not single resistance, was closely
associated with treatment failure. These results demonstrate a syn-
ergistic effect of antibiotics in this regimen, although dual antibiotic
resistance may compromise its effectiveness.

PPIs, which elevate gastric pH to increase the susceptibility of
H. pylori to antibiotics, are the primary components of eradication
regimens.21 Esomeprazole showed a better pharmacokinetic profile
than omeprazole in the CYP2C19 (S-mephenytoin 4′-hydroxylase)
genotype, with increased systemic exposure and less interindividual
variability.22 A previous study revealed that esomeprazole, when
administered once daily at a standard dose, provided more effective
control of gastric acid at the steady state than standard doses of
omeprazole.23 Esomeprazole-based triple therapy was effective in
H. pylori eradication and was superior to an omeprazole-based regi-
men in a meta-analysis.24,25 However, one initial study revealed that
the efficacies of esomeprazole- and omeprazole-based regimens
were comparable,26 indicating that the inconsistent outcomes in
tests of the efficacy of the two PPIs remained an issue. Moreover,
the efficacy of the two PPIs in concomitant therapy had not previ-
ously been examined. In this study, we show that use of an
esomeprazole-based regimen results in a higher eradication rate
than use of an omeprazole-based regimen.

Hong et al.
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Plasma PPI levels and intragastric pH during PPI treatment
are influenced by CYP2C19 polymorphisms.27 Treatment with
omeprazole at a standard dosage did not effectively maintain
acid inhibition for a full 24 h, especially in patients with CYP2C19
EM.28 However, in CYP2C19 EM patients, twice-daily administra-
tion of 20 mg of esomeprazole resulted in stronger inhibition of
gastric acid than that observed with omeprazole.29 The influence
of CYP2C19 on eradication rates has recently been described in
several studies and it was found to be a potentially independent
predictor of the efficacy of triple therapy.30,31 However, because
outcomes have been inconsistent, no association has been
demonstrated between CYP2C19 and eradication rates.11,32,33

Moreover, the roles of CYP2C19 polymorphisms in concomitant
therapy have not been well defined. In the present study, we
reveal that the eradication rate was significantly lower in patients
with CYP2C19 EM than in patients with CYP2C19 IM+PM, espe-
cially in patients who received the omeprazole-based regimen.
In contrast, the efficacy of the esomeprazole-based regimen is
not affected by CYP2C19 polymorphisms. These results reveal
that the eradication rate that resulted from administration of
the concomitant therapy was affected by CYP2C19 polymorph-
isms in the omeprazole group but not in the esomeprazole group.

One initial study reported that the eradication rate was signifi-
cantly lower in patients with IL-1b-511 C/C than in patients with
IL-1b-511 C/T and T/T.10 However, IL-1b polymorphisms were not
found to be an independent risk factor of treatment outcomes in a
different study.12 In the present study, we found that IL-1b poly-
morphisms were not associated with the efficacy of the therapy.
These results indicate that the effect of IL-1b polymorphisms on
concomitant therapy remains unclear.1

The organism, gastric environment, host and drug regimens
often have inter-related roles in treatment failure.2 The activities of
clarithromycin and amoxicillin and the survival of H. pylori vary
depending on the gastric pH,21 which is affected by CYP2C19 poly-
morphisms during PPI treatment.27 However, no report has shown
an interaction between CYP2C19 polymorphisms and antibiotic
resistance in patients undergoing concomitant therapy. In our
study, the eradication rate was highest among patients with
CYP2C19 IM+PM who were infected with dual-susceptible strains
and lowest in patients with CYP2C19 EM infected with dual-resistant
strains, indicating a synergistic effect between CYP2C19 polymorph-
isms and antibiotic resistance. These results show that H. pylori ther-
apy should be tailored based on these influential factors.34

As previously mentioned, drug compliance is considered one of
the predominant factors that affects treatment outcomes.1 In
one study, it was the only clinical factor that was found to influ-
ence the treatment efficacy of concomitant therapy.35 The pre-
sent study also showed that the eradication rate achieved with
concomitant therapy was significantly lower in patients with a
compliance rate ,80% than in patients with a compliance rate
≥80%. These results clearly demonstrate that compliance is a
determinant for eradication and that eradication rates can be
increased by improving compliance.

A larger number of mild side effects have been reported by
patients undergoing concomitant therapy compared with those
undergoing standard triple therapy because of the addition of
metronidazole.36 Moreover, the prevalence of side effects varies
in different studies.35,37 In our study, the overall rate of side effects
was 40.5%, although the reported side effects were mostly mild
and were always relieved without treatment.

There are some limitations to this study. The efficacies of con-
comitant therapies with different durations (e.g. 10 versus
14 days) and PPI doses (e.g. standard versus high doses) were
not investigated. In addition, the efficacy of the regimen may
have been compromised due to the low doses of metronidazole
(400 mg, twice daily) applied in the study. However, the H. pylori
eradication rate remained relatively constant as the dose of metro-
nidazole increased (high dose: 800 mg, twice daily; medium dose:
400 mg, three-times daily; and low dose: 400 mg, twice daily)
when it was administered with omeprazole and amoxicillin.38 The
standard culture method used for H. pylori was the agar dilution
method. A previous study showed that if the Etest MIC results for
metronidazole yield values between 8 and 32 mg/L, the MIC should
be re-evaluated using another method.39

In summary, the 10 day concomitant therapy yielded an
effective eradication rate (nearly 90%). We expect this approach
to be a promising regimen for eradicating H. pylori infection in
highly antibiotic-resistant areas. An omeprazole-based regimen
(initiated due to CYP2C19 polymorphisms), antibiotic resistance
and a compliance rate ,80% were independent predictors of
treatment failure. Moreover, antibiotic resistance had a synergistic
effect with CYP2C19 EM on the efficacy of the regimen.
Multicentre studies using different PPI durations and regimen
doses are needed to verify the efficacy of this concomitant ther-
apy in Chinese subjects.
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