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As a general rule for the treatment of infectious diseases,
clinicians should prescribe anti-H. pylori regimens that have
a per-protocol eradication rate ≥90%. However, the eradi-
cation rate of the standard triple therapy recommended by
most guidelines has generally declined to unacceptable levels
(i.e., 80% or less) recently. e reasons for this fall in efficacy
with time are uncertain but may relate to the increasing
incidence of clarithromycin-resistant strains of H. pylori,
poor compliance, and rapid metabolism of proton pump
inhibitor (PPI) [1, 2]. Recently, several treatment regimens
have emerged to cure H. pylori infection. e novel �rst-line
anti-H. pylori therapies include sequential therapy [3], con-
comitant quadruple therapy [4], hybrid (dual-concomitant)
therapy [5], and bismuth-containing quadruple therapy.

Aer the failure of standard triple therapy, a bismuth-
containing quadruple therapy regimen comprising a PPI,
bismuth, metronidazole, and tetracycline as a second-line
therapy is recommended. Recently, a triple therapy with
the combination of a PPI, levo�oxacin, and amoxicillin
has been proposed as an alternative to the standard rescue
therapy and can achieve a higher eradication rate than
a bismuth-containing quadruple therapy in some regions.
Most guidelines suggest that patients requiring a third-line
therapy should be referred to medical center and treated
according to the antibiotic susceptibility test. However, it
has been reported that the sensitivity of culture is less than
60%. Additionally, in vitro antimicrobial sensitivity does not
necessarily lead to eradication in vivo and vice versa.

e main focus of the special issue is on the recent
advances in the treatment of H. pylori infection. is special

issue reviews the novel �rst-line eradication regimens with a
per-protocol eradication rate exceeding 90%. In addition, the
emerging rescue therapies for the second-line and third-line
therapies are also discussed.

In the paper entitled “Pathogenesis of Helicobacter pylori-
related gastroduodenal diseases from molecular epidemio-
logical studies,” Y. Yamaoka presents African and Asian
enigmas regarding high prevalence ofH. pylori infection and
low incidence of gastric cancer. is discrepancy could be
explained in part by different types of H. pylori virulence
factors, especially CagA, VacA, OipA, and DupA.

In the paper entitled “Recent insights into antibiotic resis-
tance in Helicobacter pylori eradication,” W. Wu et al. present
the antibiotic resistance rates in different continental areas
and the impact of antibiotic resistances on the eradication of
H. pylori.

In the paper entitled “Variability in prevalence of Heli-
cobacter pylori strains resistant to clarithromycin and lev-
o�o�acin in �outhern Poland,” E. Karczewska et al. compared
the primary and secondary resistance of Helicobacter pylori
strains isolated between 2006–2008 and 2009–2011 to clar-
ithromycin and levo�oxacin in �outhern Poland. e data
indicated the increasing amount of resistant H. pylori strains
isolated from patients in �outhern Poland to levo�oxacin,
with a simultaneous decreasing number of resistant strains
to clarithromycin.

In the paper entitled “�e optimal �rst-line therapy of
Helicobacter pylori infection in year 2012,” C.-H. Kuo et al.
review the literature about �rst-line therapies for H. pylori
infection in the recent years. e efficacies of emerging
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�rst-line therapies including sequential therapy, concomitant
therapy and hybrid therapy are well assessed.

In the paper entitled “Helicobacter pylori eradication ther-
apies in the era of increasing antibiotic resistance: a paradigm
shi to improved efficacy,” S. D. Georgopoulos et al. present
critical issues regarding the currently available means for the
management of H. pylori infection. e existing evidences of
their clinical validation and widespread applicability are also
discussed.

In the paper entitled “7-day nonbismuth-containing con-
comitant therapy achieves a high eradication rate for Heli-
cobacter pylori in Taiwan,” S.-S. Kao et al. report that 7-day
concomitant therapy achieves a very high eradication rate
for H. pylori infection in Taiwan. e novel therapy is well
tolerated. Drug compliance is an important clinical factor
in�uencing its treatment efficacy.

In the paper entitled “Comparison between single-dose
esomeprazole- and pantoprazole-based triple therapy on the
effectiveness for Helicobacter pylori eradication in Taiwanese
population,” H.-Y. Shih et al. show a higher eradication rate
in esomeprazole containing triple therapy than pantoprazole
containing triple therapy.e incidence of adverse effects and
the compliance between two therapies are comparable.

In the paper entitled “Rescue therapy for Helicobacter
pylori infection 2012,” J. P. Gisbert reviews current rescue
therapies for H. pylori infection. He suggests that the choice
of a “rescue” treatment depends on which treatment is used
initially. If a �rst-line clarithromycin-based regimen was
used, a second-line metronidazole-based treatment (quadru-
ple therapy� may be used aerwards, and then a levo�oxacin-
based combination would be a third-line rescue option.
Alternatively, a quadruple regimenmay be reserved as a third
rescue option if levo�oxacin-based combination is used as a
second-line therapy.

In the paper entitled “Impact of Lactobacillus reuteri sup-
plementation on anti-Helicobacter pylori levo�o�acin-based
second-line therapy,” V. Ojetti et al. assessed the efficacy
of L. reuteri supplementation in H. pylori eradication and
in preventing gastrointestinal side effects during a second-
line levo�oxacin triple therapy. e data indicate that L.
reuteri supplementation increases the eradication rate while
reducing the incidence of the most common side effects
associated with antibiotic therapy in a second-line treatment.

In the paper entitled “Culture method and PCR for the
detection of Helicobacter pylori in drinking water in Basrah
Governorate Iraq,” A. A. Al-Sulami et al. examined the
isolated H. pylori from drinking water in Basrah, Iraq, on
modi�edColumbia urea agar andHPmedia using theMDCS
method and then con�rmed that by conventional biochemi-
cal tests and 16S. rRNA PCR.e data indicate that isolating
H. pylori from drinking water, tap and reverse osmosis water
samples, by the culturemethod and consequent identi�cation
by biochemical tests and PCR represent a clear signal for
the presence of this dangerous pathogen in the consumable
water.

In the paper entitled “A real world report on intravenous
high-dose and non-high-dose proton-pump inhibitors therapy
in patients with endoscopically treated high-risk peptic ulcer

bleeding,” L.-S. Lu et al. conducted a retrospective case-
controlled study to investigate the real world experiences
in prescribing high-dose and non-high-dose proton-pump
inhibitor therapy for preventing rebleeding aer endo-
scopic treatment of high-risk peptic ulcer bleeding, a life-
threatening complication of H. pylori-related disease. is
study suggests that the effect of intravenous high-dose pan-
toprazole may not be superior to non-high-dose regimen
in reducing rebleeding in high-risk peptic ulcer bleeding.
However, selection bias may exist in a high-dose group
caused by clinicians’ decision on PPI dosage in patients with
more severe diseases or with less manageable bleeding ulcers.

Ping-I Hsu
Nan-Jing Peng
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I read with interest the article entitled “A real world report
on intravenous high-dose and nonhigh-dose proton pump
inhibitors therapy in patients with endoscopically treated
high-risk peptic ulcer bleeding” [1]. In this study, Lu et
al. retrospectively analyzed patients receiving nonhighdose
(80mg pantoprazole i.v. bolus followed by i.v. 80mg per
day for 3 days) and high-dose proton pump inhibitors (PPI,
80mg pantoprazole i.v. bolus followed by 8mg per hr for
3 days) after obtaining initial hemostasis. After performing
case-control matching, they found no statistical difference
between the high-dose and nonhigh-dose groups. Therefore,
they suggest that both doses of PPI were similar in reducing
rebleeding in high-risk patients after successful endoscopic
therapy.

This conclusion is different from that in the consensus
conference and also in our study [2, 3]. There are several
key points that deserve to be mentioned with regards to this
study. Lu’s analysis is a retrospective study. Therefore, some
important clinical variables could not be adjusted evenly
between both groups. As a practice, doctors tend to use a
high-dose PPI in high-risk patients after obtaining initial
hemostasis. This point is demonstrated in Lu’s study, Table 3.
The number of patients with shock is more in the high-dose
PPI group than that in the nonhigh-dose group (61.4% versus
46%).

In Lu’s study, the rebleeding rate for the high-dose group
(19/70, 27.1%) is much higher than our series (2/50, 4%) and
another report (8/120, 6.7%) [2, 4]. This phenomenon may
be explained by the high percentage of patients with renal
impairment (35/70, 50%). The high proportion of enrolled
patients with renal impairment is unusual as compared to the
past reports. Because three days after endoscopic therapy are
a critical period, high-dose PPI is needed for these three days.
After three days, patients usually receive oral intake. How-
ever, in Lu’s study, they still gave 80mg i.v. per day after three
days. Thus, utilizing such therapy may waste some economic
resources.

In recent few years, there have been some articles sup-
porting the use of low-dose PPI in high-risk patients after
endoscopic hemostasis [5].Many of these articles have pitfalls
related to study design, such as the inclusion of patients
with low-risk stigmata and the injection of epinephrine alone
[6]. In vitro studies revealed that the acid environment
impairs platelet function and clot stabilization [7]. There-
fore, elevation of intragastric pH is mandatory to prevent
rebleeding in patients with peptic ulcer bleeding, which has
been confirmed in the consensus conference [2]. In our
previous study, we obtained a markedly low rebleeding rate
(4%) with a high-dose IV PPI [3]. Further, we found that
different IV doses of PPIs have different rebleeding rates
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(omeprazole 160mg/day: 9%, 6/67; 80mg/day: 21.2%, 14/66)
[8].

Clearly, there is a bit of a grey zone in identifying
stigmata of recent hemorrhage (SRH) [9]. Misinterpretation
of SRH can occur for a number of reasons, such as doctors’
experience and academic judgement. Therefore, one strict
design (double blind study) is favored in such a clinical trial.

References

[1] L. S. Lu, S. C. Lin, C.M. Kuo et al., “A real world report on intra-
venous high-dose and non-high-dose proton-pump inhibitors
therapy in patients with endoscopically treated high-risk peptic
ulcer bleeding,” Gastroenterology Research and Practice, vol.
2012, Article ID 858612, 7 pages, 2012.

[2] A. N. Barkun, M. Bardou, E. J. Kuipers et al., “International
consensus recommendations on the management of patients
with nonvariceal upper gastrointestinal bleeding,” Annals of
Internal Medicine, vol. 152, no. 2, pp. 101–113, 2010.

[3] H. J. Lin, W. C. Lo, F. Y. Lee, C. L. Perng, and G. Y. Tseng,
“A prospective randomized comparative trial showing that
omeprazole prevents rebleeding in patients with bleeding peptic
ulcer after successful endoscopic therapy,” Archives of Internal
Medicine, vol. 158, no. 1, pp. 54–58, 1998.

[4] J. Y.W. Lau, J. J. Y. Sung, K. K. C. Lee et al., “Effect of intravenous
omeprazole on recurrent bleeding after endoscopic treatment of
bleeding peptic ulcers,” The New England Journal of Medicine,
vol. 343, no. 5, pp. 310–316, 2000.

[5] C. H.Wang,M.H.M.Ma,H. C. Chou et al., “High-dose vs non-
high-dose proton pump inhibitors after endoscopic treatment
in patients with bleeding peptic ulcer: a systematic review
and meta-analysis of randomized controlled trials,” Archives of
Internal Medicine, vol. 170, no. 9, pp. 751–758, 2010.

[6] H. J. Lin, “High or low doses of PPIs for patients with peptic
ulcer bleeding?” Archives of Internal Medicine, vol. 170, no. 18,
pp. 1699–1700, 2010.

[7] F. W. Green Jr., M. M. Kaplan, L. E. Curtis, and P. H. Levine,
“Effect of acid and pepsin on blood coagulation and platelet
aggregation. A possible contributor to prolonged gastroduode-
nal mucosal hemorrhage,” Gastroenterology, vol. 74, no. 1, pp.
38–43, 1978.

[8] H. J. Lin, W. C. Lo, Y. C. Cheng, and C. L. Perng, “Role of
intravenous omeprazole in patients with high-risk peptic ulcer
bleeding after successful endoscopic epinephrine injection: a
prospective randomized comparative trial,”American Journal of
Gastroenterology, vol. 101, no. 3, pp. 500–505, 2006.

[9] J. Y. W. Lau, J. J. Y. Sung, A. C. W. Chan et al., “Stigmata
of hemorrhage in bleeding peptic ulcers: an interobserver
agreement study among international experts,” Gastrointestinal
Endoscopy, vol. 46, no. 1, pp. 33–36, 1997.



Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2012, Article ID 463985, 6 pages
doi:10.1155/2012/463985

Clinical Study

7-Day Nonbismuth-Containing Concomitant Therapy Achieves
a High Eradication Rate for Helicobacter pylori in Taiwan

Sung-Shuo Kao,1 Wen-Chi Chen,1 Ping-I Hsu,1 Kwok-Hung Lai,1 Hsien-Chung Yu,1

Hui-Hwa Cheng,2 Nan-Jing Peng,3 Chiun-Ku Lin,1 Hoi-Hung Chan,1 Wei-Lun Tsai,1

Huay-Min Wang,1 Tzung-Jiun Tsai,1 Kung-Hung Lin,1 and Feng-Woei Tsay1

1 Division of Gastroenterology, Department of Internal Medicine, Kaohsiung Veterans General Hospital, Kaohsiung 813, Taiwan
2 Department of Pathology, Kaohsiung Veterans General Hospital, Kaohsiung 813, Taiwan
3 Department of Nuclear Medicine, Kaohsiung Veterans General Hospital, Kaohsiung 813, Taiwan

Correspondence should be addressed to Feng-Woei Tsay, fwchaie@vghks.gov.tw

Received 31 March 2012; Accepted 14 June 2012

Academic Editor: Deng-Chyang Wu

Copyright © 2012 Sung-Shuo Kao et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. Ten-day concomitant therapy achieves a high eradication rate in Taiwan. Whether shortening the duration of
concomitant therapy can still keep a high eradication rate remains unclear. Aim. To assess the eradication rate of 7-day
pantoprazole-containing concomitant therapy in Taiwan and to investigate factors influencing the eradication outcome. Methods.
From March 2008 to March 2012, 319 H. pylori-infected patients receiving a 7-day pantoprazole-containing concomitant regimen
(pantoprazole 40 mg, amoxicillin 1 g, clarithromycin 500 mg, and metronidazole 500 mg twice daily for 7 days) were included.
Patients were asked to return at the second week to assess drug compliance and adverse effects. Repeated endoscopy or urea
breath test was performed at 8 weeks after the end of eradication therapy. Results. The eradication rates according to intention-
to-treat and per-protocol analyses were 93.7% (299/319) and 96.4% (297/308), respectively. Adverse events occurred in 13.2%
(42/319) of the patients. The compliance rate was 98.4% (314/319). Multivariate analysis disclosed that poor compliance was the
only independent factor influencing the efficacy of anti-H. pylori therapy with an odds ratio of 0.073 (95% confidence interval,
0.011–0.483). Conclusion. 7-day concomitant therapy achieved a very high eradication rate for H. pylori infection in Taiwan. Drug
compliance was the only clinical factor influencing treatment efficacy.

1. Introduction

Helicobacter pylori (H. pylori) infection is a global human
pathogen and plays a cardinal role in the development of
peptic ulcer disease, gastric adenocarcinoma, and mucosa-
associated tissue lymphoma [1]. The Maastricht III Consen-
sus Report has recommended that proton-pump-inhibitor-
(PPI-) clarithromycin-amoxicillin or metronidazole treat-
ment for 7 to14 days is the first choice treatment for H. pylori
infection [2]. Initial data suggested that high eradication
rates could be achieved [3, 4]. However, this gold standard
has recently become declining in cure rates to unacceptable
levels (� 80%), largely as a result of emerging resistance
of the organism to clarithromycin [5–9]. In some European
countries, the success rates were astonishingly low with

values 25∼60% [7, 10, 11]. The cure rates for first-line 7-
day triple therapy in southern Taiwan declined from 84% to
80% in recent 5 years [4, 12]. Therefore, searching for more
effective first-line therapies is urgently required [4, 13].

One recent therapeutic innovation is 10-day sequential
regimen with a 5-day dual therapy (a PPI plus amoxicillin),
followed by a 5-day triple therapy (a PPI plus clarithromycin
and tinidazole (or metronidazole)) [14]. Several studies
have demonstrated its satisfactory higher eradication rates
than standard triple therapies [8, 9, 15]. Gatta et al.
reported a rigorous systemic review that identified 13 trials
evaluating 3,271 patients [16]. Most of the studies were
conducted in Italy, where the patterns of clarithromycin
and metronidazole resistance tend to be similar to those in
United States and Europe. The data show that sequential
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therapy achieves 90.7% eradication rates, with a 12% better
absolute eradication rate than the standard triple therapy
[16]. Our recent study also demonstrated that sequential
therapy achieved a higher eradication rate than standard
triple therapy in Taiwan (93% versus 80%, P = 0.005) [12].
However, a trial from Korea revealed that both sequential
therapy and triple therapy achieved similar efficacy with
unsatisfactory eradication rates (85.7% versus 76.6%, by PP
analysis, P = 0.150) [17]. Generally speaking, sequential
therapy is a good but typically not an excellent regimen (i.e.,
typically achieving a grade B and not grade A result) [18].
Theoretically, sequential therapy can be improved [19].

Concomitant therapy uses the same components as
sequential therapy, but they are administered concomitantly
[20]. It provides another novel regimen proven successful
in the presence of clarithromycin resistance [21]. It is a
4-drug regimen containing a PPI (standard dose, b.i.d.),
clarithromycin (500 mg, b.i.d.), amoxicillin (1 g, b.i.d.),
and metronidazole (500 mg, b.i.d.) which are all given for
the entire duration of therapy [22, 23]. This approach
achieved more than 90% of eradication rates. A head-to-
head noninferiority trial of 10-day esomeprazole-containing
concomitant and 10-day esomeprazole-containing sequen-
tial therapy from our study group showed they were
equivalent (93.0% versus 93.1% by per-protocol analysis)
[24]. Nonetheless, a large-scaled, randomized controlled
trial from Latin America revealed that the per-protocol
eradication rates of 14-day lansoprazole-containing standard
triple, 5-day concomitant and 10-day sequential therapies
were 87%, 79%, and 81%, respectively [25]. The 5-day
lansoprazole-containing concomitant therapy and 10-day
sequential therapy had comparable eradicate rates. However,
the eradication rate of 5-day concomitant therapy was lower
than that of 14-day standard triple therapy. The insufficient
treatment duration of concomitant therapy in the study was
possibly an important factor accounting to the unacceptable
eradication rate (< 80%) of the new therapy.

Currently, the optimal duration of concomitant therapy
is unknown, and whether shortening the duration of con-
comitant therapy from 10 days to 7 days can still keep a high
eradication rate for H. pylori infection remains unclear. In
this study, we retrospectively assess the eradication rate of 7-
day nonbismuth containing concomitant therapy in Taiwan
and investigated the host factors influencing the eradication
outcome.

2. Materials and Methods

2.1. Patients. From March 2008 to March 2012, 319
H. pylori-infected outpatients who received a 7-day
pantoprazole-containing concomitant therapy in our center
were included for the retrospective analysis. The exclusion
criteria included (a) previous eradication therapy, (b)
consumption of antibiotics, bismuth, or proton pump
inhibitors within previous 4 weeks, (c) allergy to antibiotics
or PPIs, (d) patients with previous gastric surgery, (e)
the coexistence of serious concomitant illness (such as,
decompensated liver cirrhosis, uremia), and (f) pregnant

women. The H. pylori infection was defined by at least
one positive result of following: culture, rapid urease test,
histology, or urea breath test.

2.2. Study Design. In the study period, 317 H. pylori-
infected patients received a 7-day pantoprazole-containing
concomitant therapy (pantoprazole 40 mg, clarithromycin
500 mg, amoxicillin 1 g and metronidazole 500 mg twice
daily). According to the standard protocol for H. pylori
eradication therapy in our institute, all drugs were taken
one hour before breakfast and dinner. Patients were asked
to return at the second week to assess drug compliance
and adverse effects. Repeated endoscopy with rapid urease
test and histological examination or urea breath test was
performed at 8 weeks after the end of anti-H. pylori therapy.
Successful eradication was defined as (a) negative results of
both rapid urease test and histology in follow-up endoscopy,
or (b) a negative result of urea breath test.

2.3. Questionnaire. A complete medical history and demo-
graphic data were obtained from each patient, including
age, sex, medical history, history of smoking, alcohol, coffee,
and tea consumption. Adverse events were prospectively
evaluated. The adverse events were retrospectively assessed
according to a 4-point scale system: none; mild (discomfort
annoying but not interfering with daily life); moderate
(discomfort sufficient to interfere with daily life); and severe
(discomfort resulting in discontinuation of eradication ther-
apy) [26]. Compliance of patients was checked by counting
unused medication at the completion of treatment. Poor
compliance was defined as taking less than 80% of the total
medication.

2.4. Rapid Urease Test, Histology, and Urea Breath Test.
The rapid urease test, histology, and urea breath test were
performed according to our previous studies [13]. A biopsy
specimen was taken from the lesser curvature site of the
antrum for rapid urease test. Two biopsy specimens were
each taken from the lesser curvature sites of the antrum
and the corpus for histological examination [26]. The cut-off
value of urea breath test was set at 4.8% of δ13CO2 [27].

2.5. Statistical Analysis. The primary outcome variables were
the rates of eradication, adverse events, and compliance. The
overall eradication rates and their 95% confidence intervals
were obtained by ITT and per protocol (PP). ITT analysis
included all patients who had taken at least one dose of study
medication. Patients whose infection status was unknown
following treatment were considered treatment failures for
the purposes of ITT analysis. The PP analysis excluded the
patients with unknown H. pylori status following therapy and
those with poor compliance.

To determine the independent factors affecting the treat-
ment response, 11 clinical and endoscopic parameters were
analyzed by univariate analysis. These variables included
the following: age (<60 or ≥60 years); gender; history of
current smoking (<1 pack/week or ≥1 pack/week), history
of current alcohol consumption (<80 g/day or ≥80 g/day),
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Table 1: Demographic data and endoscopic appearance of 7-day
concomitant therapy.

Characteristics 7-day concomitant therapy
group (n = 319)

Age (yr) (mean ± SD) 53± 12

Gender (male/female) 189/130

Smoking 71 (22.3%)

Alcohol consumption 24 (7.5%)

Ingestion of coffee 81 (25.4%)

Ingestion of tea 124 (38.9%)

NSAID use 16 (5%)

Underlying disease 80 (25.1%)

Endoscopic findings

Gastritis 98 (30.7%)

Gastric ulcer 100 (31.3%)

Duodenal ulcer 56 (17.6%)

Gastric ulcer + duodenal ulcer 65 (20.4%)

ingestion of coffee (<1 cup/day or ≥1 cup/day), ingestion of
tea (<1 cup/day or ≥1 cup/day), coexistence of a systemic
disease (yes or no); previous history of peptic ulcer disease,
endoscopic appearance (ulcer or gastritis), types of PPI, and
drug compliance (good or poor). Chi-square test with or
without Yates correction for continuity and Fisher’s exact
test were used when appropriate to compare the treatment
outcome and host factors using the SPSS program (version
10.1, Chicago, IL, USA). A P value less than 0.05 was
considered statistically significant. Those variables found
to be significant by univariate analysis were subsequently
assessed by a stepwise logistic regression method to identify
independent factors for eradication outcome.

3. Results

3.1. Patients. A total of 319 patients received concomitant
therapy from March 2008 to March 2012. The subjects were
all included in the ITT analysis for H. pylori eradication. Data
regarding the clinical characteristics of patients at entry are
summarized in Table 1. Among the subjects, five with poor
compliance and six with incomplete followup were excluded
from PP analysis for H. pylori eradication. All patients were
included in intention-to-treat analysis.

3.2. Eradication of H. pylori. Table 2 lists the therapeutic
outcomes of the 7-day concomitant therapy. According to
the ITT analysis, H. pylori infection was eradicated in 93.7%
(299/319) of the patients receiving concomitant therapy. By
PP analysis, the treatment rate was 96.4% (297/308). Five
of 319 patients (1.6%) failed to complete the treatment
because of insufficient compliance. H. pylori was successfully
eradicated in three of 5 cases (60%).

3.3. Adverse Effect and Compliances. All of the 319 patients
were included in the adverse event analysis. In total, 13.2%
(42/319) of the patients reported at least one adverse event

Table 2: The major outcomes of 7-day concomitant therapy.

Outcome of 7-day concomitant therapy
(n = 319)

Eradication rate

Intention to treat 93.7% (299/319)

Per protocol 96.4% (297/308)

Adverse events 13.2% (42/319)

Compliance 98.4% (314/319)

Table 3: Adverse events of 7-day concomitant therapy.

Adverse events 7-day concomitant therapy group (n = 319)

Abdominal pain 3 (1/1/1∗)

Constipation 2 (1/0/1)

Diarrhea 2 (1/0/1)

Dizziness 0 (0/0/0)

Headache 11 (7/2/2)

Nausea/vomiting 26 (14/9/3)

Taste perversion 5 (3/1/1)

Palpitation 3 (2/1/0)

Insomnia 3 (1/1/1)

Other 21 (13/4/4)
∗
Number of patients who suffered from mild, moderate, and severe adverse

events.

during eradication therapy. The profiles and frequencies of
adverse events were listed in Table 3. The most frequent
symptoms were nausea (26 patients; 8.2%) and headache (11
patients; 3.4%). Less-frequent symptoms were abdominal
pain (3 patients; 0.9%), abdominal constipation (2 patients;
0.6%), and diarrhea (2 patients; 0.6%). There were 5 patients
who discontinued treatment as a result of adverse events
during eradication therapy (nausea: 2 patient; headache: 2
patients; diarrhea: 1 patient). Overall, the compliance rate
was 98.4%.

3.4. Factors Influencing Efficacy of Anti-H. pylori Therapy.
Table 4 lists the clinical and endoscopic factors influencing
the efficacy of eradication therapy. Only patients with known
follow-up H. pylori status (n = 312) were included for the
analysis. The eradication rates were significantly related to
drug compliance (P = 0.015) and smoking (P = 0.046)
in univariate analysis. The other factors (age, sex, alcohol
drinking, coffee consumption, tea consumption, previous
history of ulcer, presence of ulcer, and presence of adverse
event) did not markedly influence the eradication efficacy.
Multivariate analysis disclosed that poor compliance was the
only independent factor influencing the efficacy of anti-H.
pylori therapy (Table 5). The odds ratios were 0.073 (95%
confidence interval (CI), 0.011–0.483).

4. Discussion

The fall in H. pylori eradication rates with standard triple
therapies resulted in a search for novel therapies for H. pylori
infection [6]. In this study, we examined the efficacy of 7-day
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Table 4: Univariate analysis of the clinical factors influencing the
efficacy of H. pylori eradication therapy.

Principle parameter No. of
patients

Eradication
rate

P value

Age 0.762

<60 years 220 95.5%

�60 years 92 96.7%

Sex 0.010

Female 129 92.2%

Male 183 98.4%

Smoking 0.046

(−) 242 94.6%

(+) 70 100%

Alcohol consumption 0.610

(−) 290 95.5%

(+) 22 100%

Ingestion of coffee 0.294

(−) 231 96.5%

(+) 81 93.8%

Ingestion of tea 0.085

(−) 189 94.2%

(+) 123 98.4%

NSAID use 0.503

(−) 296 95.9%

(+) 16 93.8%

Previous history of peptic ulcer

(−)

(+)

Presence of ulcer 0.314

(−) 65 94.9%

(+) 234 95.1%

Compliance 0.015

(−) 5 60%

(+) 307 96.4%

Side effect 0.082

(−) 270 96.7%

(+) 42 90.5%

Table 5: Multivariate analysis for clinical factors related to eradica-
tion efficacy of H. pylori.

Clinical factor Coefficient Standard
error

Odds ratio
(95% CI)

P value

Poor compliance −2.617 0.964
0.073

(0.011–0.483)
0.007

pantoprazole-containing concomitant therapy in Taiwan. We
found that the 7-day concomitant therapy produced 96.4%
treatment success by PP analysis. The eradication rate by
ITT analysis was 93.7%. In our two previous studies [4,
12], the eradication rates of 7-day pantoprazole-containing
standard triple therapy by ITT analysis were 84% and 80%,
respectively. The data suggested that 7-day concomitant

therapy achieved a high eradication rate in Taiwanese and
had a great potential to replace 7-day triple therapy as a first-
line anti-H. pylori therapy in Taiwan.

In the initial studies from Germany and Japan for
concomitant therapy, a PPI and three antibiotics (amox-
icillin, clarithromycin, and metronidazole) for 5–7 days
achieved high eradication rates [22, 23]. A meta-analysis
published in 2009 presented the pooled eradication rate
of concomitant therapy studies between 1998 to 2002 as
89.7% on ITT and 92.9% on PP analysis [20]. In recent
years, concomitant therapies with duration of 5–10 days
are reported 90–96% success rates on PP analysis in Asian
countries, including Thailand, Taiwan, and Korea [24, 28,
29]. The high eradication rate (94.5%) was also reported
in Europe, such as Greece [30]. However in Latin America,
Greenberg et al. pointed that the success rate of 5-day
concomitant therapy was dropped to 78.7% [25]. A recent
review article of 15 studies (1723 patients) revealed that there
was a tendency towards better results by longer treatments
(7–10 days versus 3–5 days) [21]. Our previous study showed
that 10-day esomeprazole- containing concomitant therapy
achieved a 93% eradication rate [24]. In the current study,
we shortened the duration of concomitant therapy from 10
days to 7 days, and still achieved high eradication rates. The
results indicated that the duration of concomitant therapy
could be shortened to 7 days in Taiwan.

In this investigation, 13% of the patients treated with
concomitant therapy reported at least one adverse event
during eradication therapy. Basically, concomitant therapy
was well tolerated and had good compliance (98.4%). The
most frequent symptoms were nausea (8%) and headache
(3%). Only five patients discontinued treatment as a result
of adverse events during eradication therapy. Multivariate
analysis revealed that drug compliance was the only inde-
pendent clinical factor influencing treatment efficacy. The
eradication rates in patients with good and poor compliance
were 96.4% and 60%, respectively. Notably, the occurrence
of severe adverse events was an important cause of poor drug
compliance.

Smoking has been shown to reduce the effectiveness of
first line triple therapy [31]. However, in recent Taiwanese
study, no significant effect of smoking was found in con-
comitant and sequential therapy [24]. In this study, smoking
is one of clinical factors influencing treatment outcome by
univariate analysis. The reason for this is possibly due to
low prevalence rate of smoking. However, in multivariate
analysis, it is no longer an independent factor.

This study has several limitations. Firstly, it was a
retrospective study, although all patients were prospectively
followed up by a standard protocol and the adverse events
and compliance were assessed by trained assistants with
study nurses with a standardized questionnaire. Secondly, the
impacts of antibiotic resistance on the eradication rate could
not be assessed by the study because a routine culture was
not conducted in the first-line therapy. However, this study
is the first work to investigate 7-day pantoprazole-containing
concomitant therapy and the number of cases in this study
was large (n = 319). Thirdly, in tradition, subjects need
to have both positive tests of urease test and histology or
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positive result of culture to be counted as infected for entry
into a clinical trial. In this study, we enrolled the patients with
one positive test for H. pylori infection. The eradication rates
may be overestimated since patients with false-positive H.
pylori infection achieve successful eradication in the trial. But
generally false-positive tests for urease test are uncommon
[32]. Therefore, this study represents the real world scenario
for H. pylori detection and eradication.

In conclusion, 7-day concomitant therapy achieved a
very high eradication rate for H. pylori infection in Taiwan.
It was well tolerated. Drug compliance was the only clinical
factor influencing treatment efficacy.
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Background and Study Aims. The optimal dose of intravenous proton-pump inhibitor (PPI) therapy for the prevention of peptic
ulcer (PU) rebleeding remains controversial. This study aimed to understand the real world experiences in prescribing high-dose
PPI and non-high-dose PPI for preventing rebleeding after endoscopic treatment of high-risk PU. Patients and Methods. A total of
220 subjects who received high-dose and non-high-dose pantoprazole for confirmed acute PU bleeding that were successfully
treated endoscopically were enrolled. They were divided into rebleeding (n = 177) and non-rebleeding groups (n = 43).
Randomized matching of the treatment-control group was performed. Patients were randomly selected for non-high-dose and
high-dose PPI groups (n = 44 in each group). Results. Univariate analysis showed, significant variables related to rebleeding
were female, higher creatinine levels, and higher Rockall scores (�6). Before case-control matching, the high-dose PPI group had
higher creatinine level, higher percentage of shock at presentation, and higher Rockall scores. After randomized treatment-control
matching, no statistical differences were observed for rebleeding rates between the high-dose and non-high-dose groups after case-
control matching. Conclusion. This study suggests that intravenous high-dose pantoprazole may not be superior to non-high-dose
regimen in reducing rebleeding in high-risk peptic ulcer bleeding after successful endoscopic therapy.

1. Introduction

Patients with high-risk stigmata on endoscopic examination
for acute upper gastrointestinal bleeding are at increased
risk of recurrent bleeding [1]. Endoscopic hemostasis and
continuous infusion intravenous high-dose proton-pump-
inhibitor (PPI) have been proven to reduce recurrent
bleeding, need for surgery, and length of hospital stay [2,
3]. Furthermore, the recently updated Vienna consensus
states that intravenous high-dose PPI therapy after successful
endoscopic hemostasis decreases both peptic ulcer (PU)
rebleeding and mortality in patients with high-risk stigmata
[4]. Despite these recent advances in the pharmacological
and endoscopic treatment of acute nonvariceal upper gas-
trointestinal hemorrhage, the associated mortality remains
high at 10% to 14% [5]. Theoretically, inhibiting gastric acid

and raising the intragastric pH to 6 or more and maintaining
it at that level may promote clot stability, thus decrease
the likelihood of rebleeding. This is based on experimental
data showing that gastric acid impairs clot formation,
promotes platelet disaggregation, and favors fibrinolysis [6].
The continuous i.v. infusion of pantoprazole (80 mg bolus
plus 8 mg/h continuous infusion) is able to maintain higher
intragastric pH for 84% of the time during monitoring,
which is higher than intermittent bolus injection (40 mg
every 8 h) or lower-dose continuous infusion (40 mg bolus
followed by 4 mg/h infusion) and hence should attain
better control of peptic ulcer bleeding [7]. However, recent
systemic review and meta-analysis of this regiment have
shown inconsistent results and the optimal dosing of PPI
in preventing PU rebleeding remains controversial [8–10].
This retrospective case-controlled study was conducted to
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understand the real world experiences in prescribing high-
dose PPI and non-high-dose PPI for preventing rebleeding
after endoscopic treatment of high-risk PU.

2. Patients and Methods

2.1. Patients and Study Design. This is a 2-year retrospective
chart review case-control study which began in year 2009.
Two hundred and twenty patients with gastric or duodenal
ulcers bleeding treated successfully via endoscopy were
enrolled into this study. All subjects received intravenous
PPIs. We excluded patients with malignant ulcers, upper
gastrointestinal bleeding unrelated to peptic ulcer such as
angiodysplasia and Mallory-Weiss tear, subjects who lost
followup less than the required 30 days for reasons other
than mortality, and subjects who were unsuccessfully treated
during the first endoscopic hemostasis attempt or received
inadequate endoscopic hemostasis therapy for high-risk
ulcers such as monotherapy with Bosmin injection alone.
This was based on our previous study [11] which emphasized
that endoscopic epinephrine injection (EI) monotherapy in
patients with high-risk ulcers should be avoided. In current
studies, only those patients who received initial hemostasis
with epinephrine injection combined with thermal ther-
apy or hemoclips [4], or thermal or clip monotherapy
[12] are enrolled. Patient’s baseline characteristics, con-
comitant comorbid diseases (including cardiovascular dis-
eases, stroke, liver cirrhosis, chronic obstructive pulmonary
disease, diabetes mellitus, and hypertension), presenting
hemoglobin levels, platelet counts, hemodynamic status, use
of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs),
warfarin/heparin and PPI prior to endoscopic therapy, were
recorded using a predetermined spreadsheet. PU bleeding
was defined by endoscopist’s diagnosis combined with no
other identifiable bleeding cause. Endoscopic findings such
as ulcer locations, sizes, difficult treatment sites (lesser
curvature of high body; posterior wall of bulb and superior
duodenal angle), Forrest grade, Rockall scores [13, 14], and
treatment methods were also recorded. The endpoints were
rebleeding within 30 days after initial endoscopic hemostasis,
requirement for surgical intervention, length of hospital stay
and total amount of blood transfusion required, bleeding-
related mortality, and all-cause mortality. According to
results from medical record, these patients were classified
into two groups: subjects without recurrent hemorrhage
(n = 177) and those recurred (n = 43).

2.2. Definitions. Patients under non-high-dose PPI treat-
ment were defined as those who received 80 mg pantoprazole
bolus and followed by i.v. 80 mg per day, until alimentation
was possible, then 40 mg per day orally. High-dose PPI
therapy were defined as administering 80 mg pantoprazole
i.v. bolus injection, then 8 mg per hour continuous infusion
for 3 days, followed by i.v. 80 mg per day. Renal function was
evaluated by estimated glomerular filtration rate calculated
using the 4-variable Modification of Diet in Renal Disease
Study equations and classified according to the K/DOQI
Clinical Practice Guidelines for Chronic Kidney Disease [15].
High-risk ulcers were defined as Forrest grade higher or

equal to 2b [3]. Rebleeding was defined as new onset of
hematemesis, coffee-ground vomitus, or hematochezia, with
an increasing pulse rate >110 beats/min and decreasing
blood pressure below 90 mmHg after a 24-hour period
of stable vital signs and hematocrit following endoscopic
treatment [11, 16–18]. Total amount of blood transfusion
required was defined as units given to the patients between
the time PU bleeding occurred and the day of discharge.
Bleeding-related mortality was defined as in-hospital death
resulted solely from peptic ulcer bleeding.

2.3. Statistical Analysis. The quantitative data were com-
pared using the Student’s t-test for variables with a nor-
mal distribution. Differences between the proportions of
categorical data were evaluated with Fisher’s exact test
when the number of expected subjects was less than five
and otherwise with the χ2 test. The results are expressed
as distributions, absolute frequencies, relative frequencies,
medians, and ranges, or means ± SD. A multivariate
logistic regression model was used to assess the independent
association between rebreeding and non-rebleeding groups.
P value of <0.05 was considered statistically significant. The
Statistical Package for Social Sciences (SPSS15.0, Chicago,
USA) for Windows was used to analyze the data.

We employed the nearest neighbor-matching method
(NCSS 2007, Kaysville, Utah 84037, USA) to reduce bias
in the retrospective study. The matching algorithm was
performed to find one matched control in high-dose PPIs
group for each in non-high-dose group. The matching
variables were stage of CKD, Forrest classification and
Rockall score, and female gender. As a result, forty-four
patients were randomly selected in each group.

3. Result

The difference between the two study groups (non-
rebleeding versus rebleeding groups) was insignificant in
terms of age, medication history such as NSAIDs, clopido-
grel, warfarin, initial hemoglobin level, platelet counts, shock
at presentation, percentage of high stigmata ulcers, ulcer
size, and time to endoscope (Table 1). Univariate analysis
revealed significant differences in the following variables:
gender (female: 28.2% versus 48.8%, P = 0.010), initial
creatinine level (2.0± 2.3 mg/dL versus 3.1± 3.2 mg/dL, P <
0.00), use of aspirin (17.5% versus 2.3%, P = 0.011), CKD
stage III to V (41.2% versus 60.5%, P = 0.013), COPD (3.4%
versus 11.6%, P = 0.026), Rockall score � 6 (59.3% versus
83.7%, P = 0.003), amount of blood transfusion of PRBC
(879.9 ± 966.4 mL versus 3220.9 ± 2824.3 mL, P < 0.001),
surgical requirements (0 versus 4.7%, P = 0.004), hospital
stay (10.6 ± 12.4 days versus 24.6 ± 18.6 days, P < 0.001);
and mortality (4.5% versus 20.9%, P = 0.001). Multivariate
analysis showed that the significant factors were sex, high
Rockall score, and serum creatinine level (Table 2).

We divided our subjects into two groups: non-high
dose and high dose for analysis (Table 3). There were
no significant differences between the two groups (non-
high dose versus high dose) in terms of patients’ gen-
der, age, initial hemoglobin and platelet, NSAIDs, aspirin,
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Table 1: Univariate analysis of demographic and clinical characteristics of non-rebleeding and rebleeding patients.

Variables Non-rebleeding group (n = 177) Rebleeding group (n = 43) P-value

Age (years) 63.4± 13.7 65.2± 13.5 0.941

Female gender, n (%) 50 (28.2) 21 (48.8) 0.010∗

Creatinine (mg/dL) 2.0± 2.3 3.1± 3.2 <0.001∗

Hb (g/L) 97.8± 29.4 83.1± 23.4 0.074

Platelet (×109/L) 194.8± 84.1 183.4± 147.5 0.113

Use of NSAIDs, n (%) 12 (6.8) 2 (4.7) 0.608

Use of aspirin, n (%) 31 (17.5) 1 (2.3) 0.011∗

Use of clopidogrel, n (%) 18 (10.2) 5 (11.6) 0.779

Use of warfarin, n (%) 7 (4.0) 3 (7.0) 0.393

Coexisting illness, n (%)

CKD III to V 73 (41.2) 26 (60.5) 0.013∗

COPD 6 (3.4) 5 (11.6) 0.026∗

CAD 29 (16.4) 8 (18.6) 0.727

DM 48 (27.1) 18 (41.9) 0.058

CVA 26 (14.7) 8 (18.6) 0.524

Liver cirrhosis 32 (18.1) 7 (16.3) 0.782

High stigmata, n (%) 173 (97.7) 41 (95.3) 0.388

Forrest classification Ia/Ib/IIa/IIb/IIc/III 9/100/18/45/5/0 5/31/1/5/0/1

Shock on admission, n (%) 89 (50.3) 23 (53.5) 0.706

Rockall score � 6, n (%) 105 (59.3) 36 (83.7) 0.003∗

Time to endoscope (h) 14.3± 17.5 19.9± 20.2 0.129

Hemostasis methods A/B/C/D/E/F 62/48/11/50/2/4 11/14/0/15/2/1

Ulcer size (cm) 1.0± 0.7 0.9± 0.6 0.973

Multiple ulcers, n (%) 58 (32.8) 18 (41.9) 0.261

PRBC BT (mL) 879.9± 966.4 3220.9± 2824.3 <0.001∗

Surgery, n (%) 0 2 (4.7) 0.004∗

Hospital stay (days) 10.6± 12.4 24.6± 18.6 <0.001∗

Mortality, n (%) 8 (4.5) 9 (20.9) 0.001∗

Bleeding related/other causes 1/7 3/6

PPI: proton-pump inhibitors, Hb: hemoglobin, CKD: chronic kidney disease, NSAID: nonsteroidal anti-inflammatory drug, PPI: proton-pump inhibitor,
DM: diabetes mellitus type 2, COPD: chronic obstructive pulmonary disease, CAD: coronary artery disease, CVA: cerebrovascular accident, BT: blood
transfusion, PPI: proton pump inhibitor, Hemostasis methods A/B/C/D/E/F: Bosmin plus APC/heat probe=A, APC/heat probe=B, Hemoclip=C, Bosmin plus
hemoclip=D, APC/heat probe plus hemoclip=E, APC plus hemoclip plus Bosmin=F, APC: argon plasma coagulation. ∗P < 0.05.

Table 2: Multivariate analysis for rebleeding and nonbleeding
patients.

Odds ratio 95% CI. P value

Sex 0.408 0.201–0.828 0.013

High Rockall score 3.215 1.324–7.808 0.010

Creatinine 1.119 0.992–1.263 0.066

clopidogrel, warfarin use, Rockall score, ulcer pattern of
Forrest, time to endoscope, duration of hospital stay, surgical
interventions, rebleeding rate, and mortality. Significant
variables were initial creatinine level (2.0± 2.4 mg/dL versus
2.6± 2.82 mg/dL, P = 0.018), diabetes (25.3% versus 40.0%,
P = 0.027), CVA (12.0% versus 22.9%, P = 0.038), and
shock at presentation (46.0% versus 61.4%, P = 0.033).
Although the Rockall score was not significant between these
two groups, it was higher in trend in the high-dose group
(5.9± 1.7 versus 6.3± 1.5, P = 0.106).

To minimize the clinical characteristics difference
between non-high-dose and high-dose groups, we created a
treatment-control randomized match based on CKD stages,
Forrest classifications, and Rockall scores. Fifty-six patients
were randomly selected in each group of non-high- dose and
high dose for analysis (Table 4). All of them have high-risk
ulcers according to Forrest classification. As a result, there
were no significant differences between the two groups (non-
high dose versus high dose) in all demographic and clinical
characteristics such as the rebleeding rate (18.2% versus
15.9%, P = 0.777), surgery needed (0 versus 0%, P = 1.000),
and hospital stay (12.1 ± 17.2 days versus 14.3 ± 13.5 days,
P = 0.505).

4. Discussion

After the randomized treatment-control matching process to
minimize possible selection bias between the two treatment
groups, current retrospective case-controlled study observed
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Table 3: Comparison between the non-high-dose and high-dose PPI before case-controlled matching.

Characteristic Non-high-dose group (n = 150) High-dose group (n = 70) P-value

Age (years) 64.1± 13.3 62.6± 14.4 0.558

Female gender, n (%) 105 (70.0) 44 (62.9) 0.291

Creatinine (mg/dL) 2.0± 2.4 2.6± 2.8 0.018∗

Hb (g/L) 96.2± 28.2 92.1± 30.1 0.438

Platelet (×109/L) 195.2± 103.5 186.8± 90.4 0.592

Use of NSAIDs, n (%) 8 (5.3) 6 (8.6) 0.359

Use of aspirin, n (%) 23 (15.3) 9 (12.9) 0.628

Use of clopidogrel, n (%) 15 (10.0) 8 (11.4) 0.747

Use of warfarin, n (%) 5 (3.3) 5 (7.1) 0.206

Coexisting illness, n (%)

CKD III, IV/V 47/17 (31.3/11.3) 23/12 (32.9/17.1) 0.422

COPD 8 (5.3) 3 (4.3) 0.740

CAD 21 (14.0) 16 (22.6) 0.102

DM 38 (25.3) 28 (40.0) 0.027∗

CVA 18 (12.0) 16 (22.9) 0.038∗

Liver cirrhosis 26 (17.3) 13 (18.6) 0.321

Forrest classification Ia/Ib/IIa/IIb/IIc/III 11/86/12/35/5/1 3/45/7/15/0/0 0.524

Shock on admission 69 (46.0) 43 (61.4) 0.033∗

Rockall score 5.9± 1.7 6.3± 1.5 0.106

Time to endoscope (hours) 15.9± 19.2 14.1± 15.8 0.107

Hemostasis methods A/B/C/D/E/F 11/86/12/35/5/1 3/45/7/15/0/0

PRBC BT (mL) 11101.7± 1495.3 1842.9± 2185.7 0.196

Multiple ulcers, n (%) 50 (38.7) 26 (37.1) 0.580

Rebleeding, n (%) 24 (16.0) 19 (27.1) 0.052

Surgery, n (%) 1 (0.6) 1 (1.4) 0.579

Hospital stay (days) 11.9± 14.9 16.5± 14.3 0.343

Mortality, n (%) 9 (6.0) 8 (11.4) 0.207

Bleeding related/other causes 3/6 1/7

Hb: hemoglobin, NSAID: nonsteroidal anti-inflammatory drug, CKD: chronic kidney disease, PPI: proton-pump inhibitor, DM: diabetes mellitus type 2,
COPD: chronic obstructive pulmonary disease, CAD: coronary artery disease, CVA: cerebrovascular accident, BT: blood transfusion, PPI: proton pump
inhibitor, Hemostasis methods A/B/C/D/E/F: Bosmin plus APC/heat probe=A, APC/heat probe=B, Hemoclip=C, Bosmin plus hemoclip=D, APC/heat probe
plus hemoclip=E, APC plus hemoclip plus Bosmin=F, APC: argon plasma coagulation. ∗P < 0.05.

that the continuous high-dose PPI regimen did not appear
to be more effective in reducing rebleeding compared to
non-high-dose regimen in subjects with high-risk ulcer
bleeding after initial endoscopic hemostasis in real world
clinical practice (18.2% versus 15.9%) as shown in Table 4.
Meta-analysis performed by Wang also found that high-dose
PPIs do not further reduce the rates of rebleeding, surgical
intervention, or mortality after endoscopic treatment in
patients with bleeding peptic ulcer [8]. This is contrary to
the recently updated consensus statements on the routine
use of the intensive PPI regimen for high-risk ulcer bleeding
[4].

The explanation to the high rebleeding rate in the current
study (43/220, 19.5%) is possibly due to the inclusion of a
higher percentage ulcers with high-risk stigmata (214/220,
97.3%) and patients with more severe comorbidities (Rockall
score: Mean ± SD = 6.0 ± 1.6). In real world practice, more
physicians may prescribe high-dose intravenous PPIs in
more severe patients. This may also explain the higher
rebleeding rate in the high-dose group (27.1% versus 16.0%)

before case-controlled matching. However, the rebleeding
rate were identical after case-controlled matching as shown
in Table 4. Although we believe that the evidence from our
findings may be supportive of the aforementioned studies
regarding the issue that low-dose intravenous PPI dosage
may be enough in treating peptic ulcer bleeding, potential
bias and the relatively small sample size may hinder the
conclusion for the optimal dosing of PPIs for bleeding high
risk PU.

The other explanation for the possible lower dosage
needed for Taiwanese may be attributed to the metabolism
of PPI via the pathway of cytochrome P450 system (CYP),
where its influential role was considered substantial in this
issue [19]. There are more Caucasians than Asians who
belong to homozygous extensive metabolizer (EM) in the
distribution of genetic polymorphisms of CYP [20, 21], and
the effect to maintain intragastric pH > 6.0 in the EM
patients with intravenous pantoprazole is inferior to the non-
EM patients owing to the lower plasma concentration [22].
Therefore it is rational that this racial difference could suggest
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Table 4: Comparison between the non-high-dose and high-dose PPI after case-controlled matching.

Characteristic Non-high-dose group (n = 44) High-dose group (n = 44) P value

Age (years) 66.2± 12.9 61.7± 13.8 0.121

Female gender, n (%) 11 (25) 12 (27.3) 0.808

Creatinine (mg/dL) 2.3± 2.3 2.6± 2.8 0.615

Hb (g/L) 93.3± 25.3 92.5± 28.7 0.897

Platelet (×109/L) 170.4± 86.2 189.2± 82.1 0.297

Use of NSAIDs, n (%) 3 (6.8) 2 (4.5) 0.696

Use of aspirin, n (%) 4 (9.1) 5 (11.4) 0.725

Use of clopidogrel, n (%) 3 (6.8) 4 (9.1) 0.694

Use of warfarin, n (%) 1 (2.3) 2 (4.5) 0.557

Coexisting illness, n (%)

CKD III, IV/V 19/6 13/7 0.410

COPD 1 0 0.315

CAD 6 10 0.269

DM 12 14 0.640

CVA 12 7 0.195

Liver cirrhosis 10 8 0.597

Shock oat presentation 24 28 0.386

Rockall score 6.1± 1.4 6.4± 1.5 0.387

Time to endoscope (hours) 18.3± 23.9 13.6± 17.2 0.299

PRBC BT (mL) 1369.3±1496.5 1596.6± 1914.0 0.537

Forrest classification Ia/Ib/IIa/IIb/IIc/III 2/28/1/13 1/28/4/11 0.513

Time to oral PPI (days) 4.5± 4.4 6.9± 4.8 0.016∗

Rebleeding, n (%) 8 (18.2) 7 (15.9) 0.777

Surgery, n (%) 0 0 1.000

Hospital stay (days) 12.1± 17.2 14.3± 13.5 0.505

Mortality, n (%) 5 (11.4) 3 (6.8) 0.359

Bleeding related/other causes 3/2 3/0

Hb: hemoglobin, NSAID: nonsteroidal anti-inflammatory drug, CKD: chronic kidney disease, PPI: proton-pump inhibitor, DM: diabetes mellitus type 2,
COPD: chronic obstructive pulmonary disease, CAD: coronary artery disease, CVA: cerebrovascular accident, BT: blood transfusion, PPI: proton-pump
inhibitor, Hemostasis methods A/B/C/D/E/F: Bosmin plus APC/heat probe=A, APC/heat probe=B, Hemoclip=C, Bosmin plus hemoclip=D, APC/heat probe
plus hemoclip=E, APC plus hemoclip plus Bosmin=F, APC: argon plasma coagulation. ∗P < 0.05.

that PPI should have better effect in Taiwanese patients
[23, 24].

In our study we observed that CKD stage III to V was the
independent risk factor for recurrent bleeding. This is despite
the fact that all ESRD subjects received heparin-free dialysis
in our hospital. Our findings were consistent with Wu et
al. [25] and Cheung et al. [26] who reported that patients
with ESRD and advanced chronic kidney disease were at
higher risk of peptic ulcer rebleeding. The mechanism for the
excessive bleeding in patients with ESRD is still unclear but
may be multifactorial [27]. Platelet dysfunction in the form
of impaired platelet adhesiveness and altered platelet-vessel-
wall interaction is believed to have played an important role
[28]. Furthermore this platelet dysfunction is not normalized
after dialysis [29, 30]. The female gender in our study
had higher rebleeding rate before case-controlled matching.
This is probably by chance or perhaps, the study number
was not big enough, and we need larger study scale to
minimize the bias. However, when we re-analyzed the case-
matching between the high-dose and non-high-dose groups,
this problem does not exist anymore.

We recognized several limitations in this study. First, this
retrospective analysis depended heavily on the completeness
of the medical charts. If incomplete chart description of ulcer
morphology was encountered, we would review endoscopic
images or videos to determine the location and severity of the
ulcer involved. Second, the selection bias may exist in high-
dose group caused by clinicians’ decision on PPI dosage in
patients with more severe diseases or with less manageable
bleeding ulcers. One of the main purposes of the study was
to attempt to minimize selection bias by the randomized
treatment-control matching process after controlling the
baseline conditions of subjects. Although we observed that
the rebleeding rates were identical in high-dose and non-
high-dose patients after case-controlled matching, the case
number was too small for a solid conclusion.

In conclusion, this study suggests that the effect of
intravenous high-dose pantoprazole may not be superior
to non-high dose regimen in reducing the occurrence of
rebleeding, mortality rate, and surgery needed in patients
in high-risk peptic ulcer bleeding after successful endoscopic
hemostasis. More large scale prospective studies to clarify the
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issue are still mandatory. In real world practice, election bias
may exist in high-dose group caused by clinicians’ decision
on PPI dosage in patients with more severe diseases or with
less manageable bleeding ulcers.
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Background and Study Aims. To compare the effectiveness of two regimens, single-dose esomeprazole- and pantoprazole-based
triple therapy, for Helicobacter pylori (H. pylori) eradication. Patients and Methods. A total of 453 patients were enrolled for H.
pylori eradication. They were randomly assigned to either EAC group (Esomeprazole 40 mg once daily, Amoxicillin 1 g twice
daily, Clarithromycin 500 mg twice daily for 7 days) or PAC group (Pantoprazole 40 mg twice daily, Amoxicillin 1 g twice daily,
Clarithromycin 500 mg twice daily for 7 days). Follow-up endoscopy or urea breath test was scheduled 12–16 weeks after the
eradication to evaluate the therapeutic response. Results. Higher eradication rate in EAC group than PAC group was shown by
intention-to-treat analysis (EAC 72% versus PAC 55%, P < 0.05) and per-protocol analysis (EAC 91% versus PAC 72%, P < 0.05).
The incidence of adverse effects (EAC 19% versus PAC 17%, P = 0.712) and the compliance (EAC 87% versus PAC 91%, P = 0.083)
were comparable between these 2 groups. Conclusions. Single-dose esomeprazole-based triple therapy is effective for H. pylori
eradication.

1. Introduction

Chronic Helicobacter pylori (H. pylori) infection is respon-
sible for gastritis, peptic ulcer disease, gastric mucosa-
associated lymphoid tissue lymphoma (MALT lymphoma)
[1], and gastric adenocarcinoma [2]. Consequently, erad-
ication of H. pylori is indicated for patients with peptic
ulcer disease, low-grade gastric MALT lymphoma, atrophic
gastritis. First-degree relatives of gastric cancer patients and
some extraintestinal diseases, for example, unexplained iron
deficiency anemia, and chronic idiopathic thrombocytopenic

purpura may benefit from H. pylori eradication as well
[2]. According to the Maastricht III Consensus Report, the
recommended first-line treatment of H. pylori eradication
is triple therapy with a proton pump inhibitor (PPI),
clarithromycin, and amoxicillin or metronidazole given twice
daily [2].

Proton pump inhibitor (PPI) is superior to H2 blocker
for H. pylori eradication [3] because PPI is the most
potent drug to inhibit gastric secretion to enhance the
bioavailability of the antibiotics in the stomach [4]. PPI is
metabolized via hepatic enzyme cytochrome P450 system,
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especially S-mephenytoin 4′-hydroxylase (CYP 2C19) and
CYP 3A4 [5]. Single-nucleotide polymorphism (SNP) of
these enzymes may lead to variable plasma level of PPI
and affect intragastric pH level as a result. Esomeprazole
is the S-enantiomer of omeprazole. This single enantiomer
is shown to be more efficacious than the racemic mixture
of omeprazole. Although esomeprazole and its metabolites
are indistinguishable from omeprazole, a single oral dose
of 40 mg esomeprazole generally results in peak plasma
esomeprazole concentrations of 0.5–1.0 mg/L within 1–4
hours [6]. Theoretically, esomeprazole (40 mg once daily)
should be as effective and economic for H. pylori eradication
as the regular bid dose of PPI, suggested by Maastricht III
consensus. Although some studies showed the effectiveness
of esomeprazole-based triple therapy for H. pylori eradica-
tion, they studied esomeprazole 40 mg twice daily [7, 8],
instead of esomeprazole 40 mg once daily. Therefore, we
conducted the study to evaluate the effectiveness of single-
dose 40 mg once daily esomeprazole based triple therapy for
H. pylori eradication.

2. Patients and Methods

2.1. Patients and Study Design. A total of 501 dyspeptic
patients were included and 453 patients (192 men and 261
women, mean age 52.48 years old, 16–83 years old) were
enrolled at the Outpatient Department of the Division of
Gastroenterology, Kaohsiung Medical University Hospital,
Kaohsiung, Taiwan, from March 2005 to March 2009.
Exclusion criteria were recent use of antibiotics, bismuth,
or PPIs within the prior 4 weeks; history of gastric surgery;
allergy to the study medication; serious comorbid illness
(decompensated liver cirrhosis, renal failure); women who
are pregnant and breastfeeding; previous H. pylori eradicated
therapy. All of them received esophagogastroduodenoscopy
(EGD). In addition, all of the patients were interviewed by
a trained interviewer for the personal and medical history
obtained by a standardized questionnaire. Once the status
of H. pylori infection was confirmed, participants were
randomly assigned to two groups: EAC group (esomeprazole
40 mg once daily, amoxicillin 1 g twice daily, clarithromycin
500 mg twice daily for 7 days) or PAC group (pantoprazole
40 mg twice daily, amoxicillin 1 g twice daily, clarithromycin
500 g twice daily for 7 days). Follow-up endoscopy or urea
breath test was scheduled 12–16 weeks after the eradication
to evaluate the therapeutic response and PPI was withheld 2
weeks beforehand. This study was approved by Institutional
Review Board and Ethical committee of Kaohsiung Medical
University Hospital and we obtained written informed
consents from all the participants.

2.2. Questionnaire. The standardized questionnaire con-
sisted of demographic data, underlying diseases, use of
nonsteroidal anti-inflammatory drug (NSAID) and personal
history about smoking and alcohol, coffee, or tea drinking.
Smokers were defined as consumption of more than one pack
of cigarettes per week. Drinkers were defined as consumption
of more than one glass of alcoholic beverage per day.

Compliance was defined as good (taking more than 70%
of all administered medication) and poor [9]. The adverse
events included diarrhea, constipation, abdominal pain,
anorexia, nausea, vomiting, skin rash, headache, dizziness,
taste perversion, and fatigue. The adverse events were further
divided into positive adverse events defined as those who
considered the adverse events disturbing the quality of
daily life and negative ones defined as those who did not
experience the events or did not consider them troublesome
[9].

2.3. Diagnosis of H. pylori Infection. Culture, histology, rapid
urease test, and 13C-urea breath test (UBT) were used in
this study. Endoscopic biopsy specimens were rubbed on the
surface of a Columbia blood agar plate for culture. Positive
culture was considered if one or more colonies showed
Gram negative, oxidase(+), catalase(+), urease(+), or spiral
or curved rods in morphology. The presence of H. pylori in
the pathology of gastric biopsy specimens was also evaluated
by experienced pathologists. The result of rapid urease test
(sensitivity 93–97%, specificity 98%) [10], CLO test (Delta
West Bentley, WA, Australia), was interpreted as positive if
the color turned to pink or red at room temperature 6 hours
after the EGD examination. The 13C-urea breath test used
in the study was manufactured by the Institute of Nuclear
Energy Research, Taiwan. H. pylori infection was defined as
positive either culture was positive or at least two positive
results of rapid urease test, histology, or UBT [11].

2.4. Statistical Analysis. The primary outcomes were rates of
eradication, adverse events, and compliance. The difference
of the age of the patients was analyzed by Student’s t-test.
The eradication rate, adverse effects and compliance between
EAC and PAC groups were analyzed by Chi-square test. P
value < .05 was considered statistically significant.

3. Results

3.1. Demographic Characteristics. The demographic charac-
teristics, including age, gender, smoking, alcohol consump-
tion, ingestion of coffee or tea or both and no significant
difference demonstrated, and endoscopic diagnosis of both
groups (EAC group and PAC group) were analyzed (Table 1).
No significant difference was found between the two groups
except age and alcohol consumption (Table 1). The patient
disposition according to CONSORT statement was shown
(Figure 1) [12].

3.2. Eradication Rate. The eradication rate of H. pylori
between the two groups was shown in Table 2. The eradi-
cation rate in the EAC group was significantly better than the
PAC group in both the intention-to-treat (ITT) and the per-
protocol (PP) analyses.

3.3. Adverse Events and Compliance. There was no difference
regarding adverse effects during the treatment (EAC versus
PAC, 19% versus 17%) (Table 2). In our study, adverse
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Table 1: Demographic distribution and Endoscopic diagnosis of
two patient groups.

EAC group
(n = 208)

PAC group
(n = 245)

P value

Age (years)

Mean ± SD 50.91 ± 12.96 51 ± 12.34 .016

Gender .873

Male 89 (42.8%) 103 (42%)

Female 119 (57.2%) 142 (58%)

Smoking 27 (13%) 24 (9.8%) .591

Alcohol consumption 18 (8.7%) 9 (3.7%) .046

Ingestion of coffee 60 (28.8%) 49 (20%) .195

Ingestion of tea 85 (40.9%) 79 (32.2%) .895

Endoscopic diagnosis .705

Gastritis 60 (28.8%) 82 (33.5%)

Gastric ulcer 31 (14.9%) 33 (13.5%)

Duodenal ulcer 94 (45.2%) 101 (41.2%)

Gastric and duodenal ulcer 23 (11.1%) 29 (11.8%)

Randomized

(n = 48)Excluded

Assessed for eligibility (n = 501)

(n = 453)

Lost to followup n = 3);
3 patients for second opinion

Analyzed: ITT (n = 208)

Excluded from analysis (n = 0)

Analyzed: ITT (n = 245)

Excluded from analysis (n = 0)

Not meeting inclusion
criteria (n = 48)

Allocated to intervention
(EAC) (n = 208)

Received allocated intervention
(n = 171)

Allocated to intervention
(PAC) (n = 245)

Received allocated intervention
(n = 194)

Did not receive allocated

their willingness
intervention (n = 37); changed 

Did not receive allocated
intervention (n = 51); changed 

their willingness

Discontinued intervention 

(n = 3); could not tolerate
side effects

Lost to followup (n= 4);
4 patients for second opinion
Discontinued intervention 

(n = 3); could not tolerate
side effects

PP (n = 165) PP (n = 187)

(

Figure 1

events included abdominal symptoms (diarrhea, constipa-
tion, abdominal pain, nausea, vomiting), taste perversion,
anorexia, dizziness, headache, fatigue, and skin rash. Of all
the adverse events taste perversion (EAC group 32 patients
(15.4%); PAC group 29 patients (11.9%)) was the most
common, followed by dizziness (EAC group 12 patients
(5.8%); PAC group 11 patients (4.5%)). Fatigue (EAC 4.8%)

Table 2: Outcomes of esomeprazole- and pantoprazole-based triple
therapy.

EAC group
(n = 208)

PAC group
(n = 245)

P value

Eradication rate

Intention-to-treat 72% (150/208) 55% (135/245) <.05

Per-protocol 91% (150/165) 72% (135/187) <.05

Adverse events 19% (39/208) 17% (42/245) .712

Compliance 87% (181/208) 91% (223/245) .083

Table 3: Adverse events during single-dosed esomeprazole- and
pantoprazole-based triple therapies.

Adverse events
EAC group
(n = 208)

PAC group
(n = 244)

P value

Diarrhea 7 (3.4%) 10 (4.1%) .131

Constipation 1 (0.5%) 2 (0.8%) 1.000

Abdominal pain 3 (1.4%) 9 (3.7%) .241

Anorexia 1 (0.5%) 3 (1.2%) .633

Nausea 7 (3.4%) 8 (3.3%) 1.000

Vomiting 1 (0.5%) 4 (1.6%) .388

Skin rash 0 (0%) 5 (2%) .069

Dizziness 12 (5.8%) 11 (4.5%) .519

Headache 2 (1%) 8 (3.3%) .196

Taste perversion 32 (15.4%) 29 (11.9%) .209

Fatigue 10 (4.8%) 6 (2.5%) .198

and diarrhea (PAC 4.1%) also topped the list (Table 3). As for
the compliance, 87% in the EAC group and 91% in the PAC
group were noted. No significant difference was noted.

4. Discussion

Our study demonstrated higher eradication rate of H.
pylori with single-dose esomeprazole based triple ther-
apy (esomeprazole 40 mg once daily, amoxicillin 1 g twice
daily, clarithromycin 500 mg twice daily for 7 days) than
pantoprazole-based triple therapy (pantoprazole 40 mg twice
daily, amoxicillin 1 g twice daily, clarithromycin 500 mg twice
daily for 7 days). Similar prevalence of adverse events and
compliance were observed between the two groups. Proton
pump inhibitors (PPIs) are primarily metabolized via hepatic
cytochrome P450(CYP)2C19 pathway. Genetic polymor-
phisms in CYP2C19 has been shown to have great influence
on the metabolism of the PPIs. In our study, esomeprazole,
s-isomer-omeprazole, is less influenced than pantoprazole.
Consequently, it is more likely that esomeprazole may keep
its therapeutic potency persistently [13–16].

Another issue which matters with the potency of PPI
is to tackle the increasing antibiotic resistance. Increasing
prevalence of resistant strain of H. pylori to clarithromycin
was demonstrated in some studies. According to Vakil the
prevalence of clarithromycin-resistant strain in the United
States was 10–12% and wider range of 1–21% in the
Europe. In Asia, a study from Hong Kong disclosed that
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Table 4: Clinical factors of higher eradication rate in the study.

Clinical factors P

Age .016

Alcohol consumption .046

Prescribed PPI <.05

the prevalence was 7.8% and the prevalence in Taiwan
was 6% [17–19]. PPI could enhance the bioavailability
and activity of the clarithromycin by reducing gastric acid
secretion. In other words, the more potent the PPI is, the
more effective clarithromycin would be. Esomeprazole gets
more anti-H. pylori activity by its potent suppression of
gastric acid secretion. This may be an explanation why higher
eradication rate of H. pylori was observed in the EAC group.
The other explanation for the higher eradication rate in the
EAC group is higher pKa1 and pKa2 values of esomepra-
zole. The PPI pharmacophore is a 2-pyridylmethyl-sulfinyl-
benzimidazole. The differences of the structure of the current
marketed PPIs (omeprazole, esomeprazole, lansoprazole,
pantoprazole, rabeprazole) are about the substituents placed
on the pyridine and benzimidazole rings. pKa1 means the
pKa value of the pyridine nitrogen (the pH at which the
number of inactive not protonated forms and that of active
protonated forms are equal, in other words the relative acidic
stability) and pKa2 is the pKa value of the benzimidazole
N3. They two are crucial for the activation of the PPI
and higher values are positively related to more potent
and persistent effects [16, 20]. As reported by Roche et
al., pKa1 and pKa2 values of esomeprazole are 4.06 and
0.79, respectively, and the values of pantoprazole are 3.83
and 0.11 [20, 21]. In addition, reports showed younger age
and alcohol consumption had positive effects on H. pylori
eradication [22, 23]. We also observed a similar correlation in
our study. In the EAC group, which had a higher eradication
rate, patients tended to be younger and have more frequent
alcohol consumption. Therefore, we suggest that age, alcohol
consumption and prescribed PPI are the clinical factors
which may influence the eradication rate (Table 4). In
conclusion the higher eradication rate observed in the EAC
group was the accumulative results from more potency of
esomeprazole, higher pKa1 and pKa2 values, less influence by
genetic polymorphisms in CYP2C19, younger age, and being
more frequent alcohol consumption in EAC group.

According to the results of some studies from the United
States the eradication rate of H. pylori by first-line therapy
(PPI + Amoxicillin + Clarithromycin) is decreasing in recent
years from 75% (Laine, 1998) to 65% (Bochenek, 2003) [17].
As shown from our study the eradication rate in the EAC
group was still as high as 91%. As mentioned above, PPIs are
metabolized primarily via CYP2C19 pathway. According to
the polymorphism of CYP2C19, individuals can be divided
into extensive metabolizer (EM) and poor metabolizer (PM).
The prevalence of PM is more frequent in Asian population
(15–23%) than Caucasian population (2–5%) [24]. The
therapeutic effect of PPI in terms of H. pylori eradication
is better in PM individuals. This observation might explain
the higher eradication rate in our study than studies from

the United States. In addition, another major determinant
for successful eradication is body mass index (BMI). Accord-
ing to Hsu et al. [9] the average body weight of the Asian is
less than the Caucasian. Therefore, it is not surprising that
higher eradication rate is found Asian populations, if the
same dose of proton pump inhibitor and antibiotics are used.

The interaction between proton pump inhibitor and
clopidogrel remains a controversial issue. As recent studies
reported PPI and clopidogrel are both metabolized via
cytochrome P450 pathway (CYP), especially 2C19 [25].
Therefore, coprescribing PPI and clopidogrel may contribute
to decreased cardiovascular protection related to clopidogrel.
Esomeprazole is less metabolized than pantoprazole via
CYP2C19 pathway [25, 26]. In addition we could administer
single-dose esomeprazole in the morning and clopidogrel
in the evening or at bedtime during H. pylori eradication
for reducing the interaction. According to Hsu et al.
esomeprazole doesn’t have negative effect on clopidogrel
about platelet aggregation [27]. Single-dose esomeprazole-
based triple therapy is a better option than pantoprazole for
patients coprescribed clopidogrel.

In conclusion, our study show that single-dose esome-
prazole-based first line triple therapy (esomeprazole 40 mg
once daily, amoxicillin 1 g twice daily, clarithromycin 500 mg
twice daily) is an effective regimen for H. pylori eradication
in Taiwan.
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Antibiotics have been useful in the treatment of H. pylori-related benign and malignant gastroduodenal diseases. However,
emergence of antibiotic resistance often decreases the eradication rates of H. pylori infections. Many factors have been implicated
as causes of treatment failure, but the main antibiotic resistance mechanisms described to date are due to point mutations on
the bacterial chromosome, a consequence of a significantly phenotypic variation in H. pylori. The prevalence of antibiotic (e.g.,
clarithromycin, metronidazole, tetracycline, amoxicillin, and furazolidone) resistance varies among different countries; it appears
to be partly determined by geographical factors. Since the worldwide increase in the rate of antibiotic resistance represents a
problem of relevance, some studies have been performed in order to identify highly active and well-tolerated anti-H. pylori
therapies including sequential, concomitant quadruple, hybrid, and quadruple therapy. These represent a promising alternatives
in the effort to overcome the problem of resistance. The aim of this paper is to review the current status of antibiotic resistance
in H.pylori eradication, highlighting the evolutionary processes in detail at alternative approaches to treatment in the past decade.
The underlying resistance mechanisms will be also followed.

1. Introduction

Helicobacter pylori is a spiral-shaped, microaerophilic Gram-
negative flagellate bacterium that may contribute to diseases
such as duodenal/gastric ulcer disease, gastritis, gastric
adenocarcinoma, and mucosa-associated tissue lymphoma
(MALT) and primary B-cell gastric lymphoma. Given this
relationship with human diseases, eradication of H. pylori in
individuals may be the best course of action. In fact patients
who receive H. pylori eradication therapy (proton pump
inhibitor (PPI), amoxicillin (AMO), and clarithromycin
(CLA)) often encounter eradication failure over their treat-
ment period. Moreover, the effectiveness of “legacy triple
therapy” which was recommended by Maastricht III Con-
sensus Report provides disappointingly low treatment suc-
cess (i.e., below 80%) in the world. And what could account
for the resulting low treatment success or eradication failure?
The reasons for this fall in effectiveness are uncertain but may
be mainly related to the development of antibiotic resist-
ant strains of H. pylori. In this paper, we will review the
latest findings on H. pylori and antibiotic resistance and

then summarize the factors for H. pylori eradication failure
according to the current treatment regimens.

2. Nature of H. Pylori and
Intragastric Environment

The stomach environment where the H. pylori resides was
thought to be a virtual desert for microbes because of its high
acidity. We now know H. pylori dominates the microbiome in
the stomach, although the effect of this dominance is unclear
[1]. A major opportunity to increase our understanding
of this microbiome is massive parallel pyrosequencing of
bacteria 16S amplicons. This will allow us to deeply cha-
racterize the microbiota of a wide range of subjects [2].
One such study used this small subunit 16S rDNA clone
library to analyze 1833 sequences generated by broad-range
bacterial PCR from 23 gastric endoscopic biopsy samples.
This data suggests that H. pylori was the only member
of the genus Helicobacter found in these human stomach
samples and was the most abundant phylotype within the
libraries which tested positive for this organism by using
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Figure 1: H. pylori oscillates between a replicating state (antibiotic sensitivity) and nonreplicating state (antibiotic insensitivity) according
to the pH in the microenvironments, and PPI synergizes with the antibiotics by effectively increasing gastric pH and disrupts the acidic
environment preferred by HP. PPI: proton pump inhibitor, A: amoxicillin, C: clarithromycin.

conventional clinical approaches [3]. The huge population
of H. pylori is also the statistical basis of existing population
of resistant organisms [4]. In addition, the bacteria oscillates
between a replicating state (organism remains susceptible
to the antibiotic) and nonreplicating state (the organism
become phenotypically resistant) according to the pH in the
microenvironments. Thus, they may enter to a nonrepli-
cative but viable state when the pH around their microenvi-
ronments is between 4.0 and 6.0. These organisms will be dif-
ficult to eradicate, in other words, if they present the pheno-
typically resistant state [5] (Figure 1).

H. pylori infection also presents a unique therapeutic
challenge. Determining the optimal drug therapy of such
infection depends to a large extent on antimicrobial concen-
trations in the stomach, while it is difficult because the
organism lives in an environment that is not easily accessible
to some medications [6]. Upon entry into the stomach, the
first hurdle for bioavailability of antibiotics is the acidity of
the gastric lumen, which in humans has a median 24 h intra-
gastric pH of 1.4 [7]. A good example of this is one of the
most acid-labile antibiotics against H. pylori, such as clari-
thromycin (CLA), which is degraded in the lumen mainly
through the action of acid and pepsin. Its half life is less
than 1 h in this circumstance. It became clear early on that
antibiotic treatment alone was relatively ineffective. Thus,
increasing intragastric pH by the coadministration of potent
gastric acidity inhibitors has been shown to significantly
avoid eradication failure [8]. The second hurdle is the parti-
cular structure of gastric mucus. To successfully kill the bac-
teria present in the stomach it is necessary that the drug is
delivered to the entire surface of the stomach and penetrates
across the mucus layer from gastric lumen to epithelial sur-
face (or vice versa); furthermore, the antibiotic must reach
higher concentrations for a sufficient time to efficiently kill
the bacteria wherever they are present [9]. Otherwise, the
bacteria in such sites can recolonize the gastric epithelium,
resulting in eradication failure [10]. Significant work should
be undertaken in an attempt to overcome the gastric barrier,

including developing several strategies to target either the
transcellular or the paracellular pathway for drug delivery.

3. Epidemiology of Bacterial Resistance

It is now believed that some populations with high incidences
of H. pylori infection, such as those in East Asian countries,
have high incidences of gastric cancer, while other highly
infected populations do not. This apparent anomaly has been
termed the “African enigma” or “Asian enigmas”. It might
be explained by diverse the H. pylori genotypes, especially
cagA and vacA, circulating in different geographic areas [11,
12]. Like the H. pylori infection associated with geographic
areas, the prevalence of resistance rates appears to be partly
determined by geographical factors; the prevalence of CLA
and metronidazole (MET) resistance in China both increased
from 12.8 to 23.8% and, 12.8 to 56.6%, respectively, while
AMO resistance decreased from 2.1% to 0.3%, between
2000 to 2009 [13]. In Japan, adverse resistance rates to CLA
increased from 7% to 15.2%, and the rate has remained fairly
constant to the present day [14]. A high resistance of MET
has been reported from Saudi Arabia. The rate of resistance
to MET in 2008 was 69.5%, while CLA and AMO resistance
rates were 21% and 0%, respectively [15]. In Europe,
there are huge differences between southern and northern
Europe. Higher resistance rates of clarithromycin in adults
are observed in southern European countries such as Spain
where the rate of CLA resistance was 35.6% in patient isolates
of H. pylori [16]. Generally speaking, it was as high up as 20%
compared to northern European countries [17, 18]. CLA
resistance is seemingly common in the USA, ranging 10–
15%, while MET resistance rates are 20–40% and resistance
to amoxicillin appears to be infrequent [19, 20]. Mendonça
et al. analyzed 90 Brazilian dyspeptic patients and revealed
that resistance of H. pylori to clarithromycin, metronidazole,
tetracycline (TET), amoxicillin (AMO), and furazolidone
(FUR) was 7%, 42%, 7%, 29%, and 4%, respectively [21].
A meta-analyses reported the overall H. pylori antibiotic
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Figure 2: Antibiotic resistance rates in different continental areas.

resistance rates worldwide (31 studies from 1993 to 2009)
which showed an overall H. pylori antibiotic resistance rate
for AMO, CLA, MET, TET, levofloxacin (LEV), and multi-
drug-based therapies in different continental areas [22].
Detailed resistance rates towards antibiotics in different con-
tinental areas are shown in Figure 2.

Some of the reasons for these findings may include the
following (1) CLA was widely administered as monotherapy
for respiratory infections and as a consequence high resist-
ance rates are reported in these countries [23]. (2) The
prevalence of antibiotic resistance in various regions is cor-
related with the general use of antibiotics in the region, while
countries with a prudent consumption of macrolides contin-
ues to be low [24]. (3) H. pylori strains have been divided
into five major groups (east Asian type, south/central Asian
type, Iberian/African type, and European type) according to
geographical associations [25]. Thus, geographic differences
associated with the presence of phylogeographic features of
H. pylori may be a factor to explain the existing different anti-
biotic resistances [26, 27].

4. Current Anti-H. Pylori Regimens

H. pylori eradication therapy, including antibiotics, PPI,
and/or bismuth given for one or two weeks, has emerged as
the treatment of choice (Figure 3). Standard triple therapy
which represents the accepted standard therapy for H. pylori
is known to be susceptible to clarithromycin, and local
antimicrobial resistance rates are below to 20% [28], while
newer treatment regimens (sequential, quadruple, concomi-
tant, and hybrid therapies) and various combinations of new
and old antibiotics aimed at eradicating the organism more
effectively are increasing in popularity [29, 30].

First Line Therapy. As first-line therapy in areas with a high
prevalence of clarithromycin-resistant H. pylori strains, a

novel 10 d sequential therapy should be considered. The
sequential regimen containing a dual therapy (PPI and
amoxicillin for 5 days) was followed by triple therapy with
a PPI, clarithromycin, and tinidazole (or metronidazole) for
5 days. The eradication rate achieved with the sequential
regimen has been reported significantly greater than that
obtained with the standard treatment [32, 42]. However, it
has shown that sequential therapy is ineffective in clearing
H. pylori in patients with dual resistance to clarithromycin
and metronidazole [23, 33]. Another new regimen term as
concomitant therapy is a 4-drug non-bismuth-containing
regimen (PPI, clarithromycin, amoxicillin, and metronida-
zole), which appears more suitable for patients in high
endemic areas of dual resistance. Clinically, it is also more
simple than sequential therapy as the drugs are all given
together instead of changing drugs in halfway and might
improve compliance. In addition, an intention-to-treat anal-
ysis demonstrated sequential or concomitant therapy with
a PPI, amoxicillin, clarithromycin, and an imidazole agent
has similar rates for eradication of H. pylori infection [42].
With regard to dual resistance, several attempts, such as
the extension of sequential therapy duration and continuing
the amoxicillin for the full 14 days of therapy, have been
undertaken to improve the efficacy of the standard PPI
triple therapy. Recently, a sequential-concomitant hybrid
therapy (dual-concomitant) was designed by Hsu et al. [43].
The date showed that it provides a promising success rate of
99% by per-protocol analysis and 97% by intention-to-treat
analysis. However, it must be noted that it may not work
in all geographic areas, and the results will need to be con-
firmed in areas where different patterns of resistant are pre-
sent.

Second Line Therapy. Bismuth-containing quadruple ther-
apy as second-line and/or salvage therapy was recommended
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Regimen 

Treatment A C M T L R F BIS PPI

Duration of 
therapy 

Stand triple therapy 0.5 g SD 7–14 d 

Concomitant therapy 1 g 0.5 g 0.5 g SD 7–10 d 

Bismuth-containing quadruple 
therapy

0.25 g 0.5 g SD SD 10–14 d 

First phase 1 g SD 5 d

Sequential 
therapy 

Second phase 0.5 g 0.5 g SD 5 d

First phase 1 g SD 7 d

First

line  

therapy 

Hybrid 
therapy 

Second phase 1 g 0.5 g 0.5 g SD 7 d

Bismuth-containing quadruple 
therapy

0.5 g 0.5 g SD SD 10–14 d Second

Line

therapy 

Levofloxacin-based triple 
therapy

0.5 g 0.5 g SD 10 d 

Culture guided therapy Two antibiotics selected by sensitivity tests SD SD NA

Levofloxacin-based quadruple 
therapy

0.5 g 0.5 g SD SD 10 d 

Rifabutin-based triple therapy 1 g 0.15 g SD 14 d 

Third

Line

therapy Furazolidone-based quadruple 
therapy

1 g 0.2 g 0.24 g SD NA

1 g

Figure 3: Current recommended regimens for H. pylori eradication. The figure in the ball stands for dose. Blue ball: b.i.d, purple ball:
t.i.d, green ball: q.i.d. A: amoxicillin, C: clarithromycin, M: metronidazole, T: tetracycline, L: levofloxacin, R: rifabutin, F: furazolidone, SD:
standard dose, BIS: bismuth, PPI: proton pump inhibitor, modified from [31–41].

by Maastricht IV/Florence Consensus Report [34]. Several
multicenter studies of quadruple therapy using a single-triple
(bismuth biskalcitrate, metronidazole, and tetracycline)
capsule preparation with PPI have shown good efficacy for
eradication of H. pylori [35, 36, 44]. Convenience packs that
contain most of drugs in a plasticized sheet also reduce the
number of pills to improve adherence. As for adverse effects,
toxic effects related to bismuth are still one of the unjustified
safety concerns against the quadruple therapy [37], thus, we

needed to establish the reasonable bismuth dosing regimen
that provides maximum eradication.

In patients who failed with clarithromycin-based triple
in first line, levofloxacin-based triple therapy (levofloxacin,
amoxicillin, and a PPI) has been proven in a meta-analysis
which showed that this regimen was superior to quadruple
therapy and fewer side effects as salvage therapy [45].
Additionally, the study revealed that antibiotics (i.e., lev-
ofloxacin) within this triple regimens cannot randomly be
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changed and then switched to first line. For antibiotic
resistance, rising rates of levofloxacin resistance especially
in developing countries remain to be taken into account,
and it appears more likely that quinolone resistance is
usually relating to patients who have routinely received a
fluoroquinolone for other indications [38].

Third-Line Therapy. To date, the standard third-line therapy
for refractory H. pylori infection has not been established.
Maastricht IV reports recommend that anti-H. pylori treat-
ment should be guided by antimicrobial susceptibility testing
after failure of second-line therapy, whenever possible [34].
Unfortunately, antimicrobial sensitivity data for patients who
failed eradication therapy is still not widely available in
clinical practice. For practitioners, several simple empirical
management strateges are necessary.

A recent prospective study assesses the efficacy and
safety of levofloxacin, amoxicillin, bismuth, and rabeprazole
quadruple therapy as third-line treatment for patients who
failed to eradicate H. pylori infection. In this investigation,
the 10-day levofloxacin and amoxicillin-based quadruple
rescue therapy provides superior eradication with an addi-
tional clinically important benefit of improved tolerability
due to fewer side effects [30]. Other alternative candidates for
third-line therapy are rifabutin; quinolones therapy is also
promising [39, 40, 46], though the optimal dose and com-
bination need further study.

5. Antibiotic Resistance Mechanisms in
the Current Regimens

As a general rule for the treatment, it is defined on meeting
or exceeding predefined per-protocol threshold cure rates
(e.g., >90%), that is, eradication failure less than 10% [47].
H. pylori’s antimicrobial resistance rates vary as mentioned
above. H. pylori eradication failures may be due to acquiring
chromosomal mutations or by acquisition of foreign genes
carried on mobile genetic elements (horizontal gene transfer)
that cause changes in each drug’s site of action [23, 48], and
it cannot be reversed by increasing the dose or duration [41].
Each of these mechanisms will be elucidated in more detail
below according to the current anti-H. pylori regimens.

Clarithromycin. In a recent study involving sequencing
analysis of H. pylori gene 23S rRNA isolated from Uruguayan
patients, all CLA-resistant strains point mutation were pre-
sented in position 2143 (A-to-G transition), consistent with
strains studied in some developing countries worldwide. No
AMO-resistant strains were identified in this study, this is
most frequently reported with AMO where failure is rarely
caused by acquired resistance [49, 50]. Other mutations at
position 2142 (A-to-G transition) and position 2182 (C-
to-T transition) have been confirmed by analysis of DNA
sequencing to be the same as that described at position
2143 and are associated with CLA resistance [51]. Except for
23S rRNA mutations, expression of a resistance-nodulation-
cell division (RND) type efflux pump, an active drug efflux
mechanism responsible for rapidly transferring the drug out
of the bacterial cell, preventing the binding of the antibiotic

to the ribosome, plays an important role in acquiring
CLA resistance [52, 53]. Nevertheless, it was shown that
efflux systems are not involved in the intrinsic resistance of
H. pylori to antibiotics or in acquired resistance to AMO
[54].

Amoxicillin. Rare tolerance to AMO has also been described
and was associated to alterations in penicillin binding pro-
teins (PBP1A) [55]. Three substitutions (Ser 414 Arg, Thr
556Ser, and Asn 562) are the most common amino acid
changes in PBP1 connected to AMO resistance. Consequent-
ly, this reduces the susceptibility of these strains to the bacter-
icidal effect of AMO [56].

Metronidazole. Metronidazole (MET) resistance in H.
pylori is complex and is primarily associated with mutational
inactivation of the redox-related gene (frxA, rdxA) [57]. FrxA
may act indirectly by affecting cellular reductive potential
in low level MET resistant isolates. RdxA gene inactivation
confers resistance by saturation transpose on mutagenesis of
the H. pylori genome [58, 59]. Thus, factors that lead to the
loss of or inactivation of the two genes may lead to contribute
to MET resistance per se. Meanwhile, there are reports that
the MET resistance phenotype may arise in H. pylori without
mutations in rdxA or frxA, suggesting the presence of
additional MET resistance mechanisms [60]. Choi et al. pro-
posed that several mutational changes in H. pylori Fur pro-
teins can affect MET susceptibility via altering the balance
among Fur’s several competing activities and thereby elimi-
nating bactericidal MET activation products [61].

Fluoroquinolone. The mechanism of fluoroquinolone (FLU)
resistance in H. pylori has been found to be linked to
mutations in the quinolone resistance-determining regions
(QRDR) of the gyrase A (gyrA) gene [62]. This region,
responsible for DNA cleavage and rearrangement, is also
the position of action of quinolones [39]. A recent study
performed in Korea has shown this resistance was considered
to depend mainly on gyrA gene mutation at Asn87 or Asp91
[63], and mutation in the gyrB gene has also been identi-
fied in LEV resistant strains. This rarely occurs and often
occurs together with gyrA mutations. This indicates that
gyrB has little impact on primary levofloxacin resistance.
In addition, gyrA gene has double gyrA mutations hot
spots at N87K and D91G or D91Y which were linked to
high-level fluoroquinolone resistance by laboratory mutants
[64].

Rifabutin. Rifabutin (RIF) is a spiropiperidyl rifamycin-S
derivative, which inhibits the B-subunit of the DNA-directed
RNA polymerase (rpoB) of H. pylori. RIF has potential
activity against H. pylori because the in vitro sensitivity is
high, and it does not share resistance to either CLA or AMO
[65, 66]. It is structurally related to rifampin (rifampicin)
and shares many of its properties. The mechanism of H.
pylori resistance to this group of antibiotics is not known,
only some studies clearly show that it is substantial cross-
resistance in vitro between rifabutin and rifampin, mainly
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caused by point mutations occurring in the rpoB gene at
codons 524, 525, and 585 as in other bacteria [66–68].

Tetracycline. Tetracycline (TET) is an antibiotic that is
commonly used to eradicate H. pylori infection in several
second-line regimens. The bactericidal activity of TET is a
result of the drug’s ability to prevent the synthesis of nas-
cent peptide chains via binding to the 30S ribosomal subunit
as well as blocking the binding of aminoacyl-tRNA [69]. The
best-studied resistant mechanism has been mostly associated
with de novo mutations in the 16S rRNA gene, which is
based on a single, double or triple base-pair substitution
in adjacent 16S rRNA gene [70]. In the case of mutation
that cause resistance, single or double base-pair substitutions
(A928C, AG926-927→GT and A926G/A928C) as well as
triple substitution (AGA926–928→TTC) confer H. pylori
with low and high-level TET resistance [71]. The phenotype
observed in the case of this mutant is similar to those
observed by Gerrits et al. [72]. Probably, decreased antibiotic
binding of the drug for the ribosome reduces its antibiotic
property. Resistance to TET is also related to a proton
motive force (PMF)-dependent efflux of TET across the cell
membrane. Consistent with efflux studies, carbonyl cyanide
m-chlorophenylhydrazone (CCCP), an inhibitor that dis-
rupts the proton gradient across the membrane, leads to
antibiotic accumulation by presence or absence of it. There-
fore, it plays an important role in the resistance of clinical
isolates of H. pylori to TET [73].

6. Conclusion

H. pylori is considered pathogenic, even carcinogenic. With
this simple view, eradication is considered as an obvious
choice. In reality, however, the rate of eradication failure has
dramatically risen in many countries due to resistance to
antibiotics. On genetic support, mutation is considered as
the key phenotypic variation as well as response to selection
stress. Other suspected mechanisms of acquired drug resis-
tance include: decreased permeation of the antibiotic into the
bacterial cell and multidrug efflux pumps confer resistance
to β-lactams [54]. An opportunity to solve this is whole-
genome sequencing of multiple isolates of individual patients
with dense spatial and temporal sampling. A practical appli-
cation is the detection of genomic changes related to drug
resistance by comparing the genomes of wild-type strains
and those that survived antibiotic treatments [74, 75]. Fur-
thermore, in the context of clinic treatment, selection pres-
sure exerted by the long-term use of antibiotics, drug adverse
effect, patient tolerability, adherence, even the patient’s dis-
ease status should considered by doctors [4]. It is important
to remember that antibiotic resistance can often be partially
overcome by susceptibility and DNA testing and differen-
tiation of recrudescence and reinfection. Highly active and
well-tolerated regimen should be sought and appropriately
tested in randomized controlled trial (RCT) instead of simply
following consensus guidelines.
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[49] M. E. Torres-Debat, G. Pérez-Pérez, A. Olivares et al., “Antimi-
crobial susceptibility of Helicobacter pylori and mechanisms
of clarithromycin resistance in strains isolated from patients
in Uruguay,” Revista Espanola de Enfermedades Digestivas, vol.
101, no. 11, pp. 757–762, 2009.

[50] R. K. Vilaichone, V. Mahachai, and D. Y. Graham, “Heli-
cobacter pylori Diagnosis and Management,” Gastroenterology
Clinics of North America, vol. 35, no. 2, pp. 229–247, 2006.

[51] S. Chen, Y. Li, and C. Yu, “Oligonucleotide microarray: a new
rapid method for screening the 23S rRNA gene of Helicobacter
pylori for single nucleotide polymorphisms associated with
clarithromycin resistance,” Journal of Gastroenterology and
Hepatology, vol. 23, no. 1, pp. 126–131, 2008.

[52] K. Hirata, H. Suzuki, T. Nishizawa et al., “Contribution
of efflux pumps to clarithromycin resistance in Helicobacter
pylori,” Journal of Gastroenterology and Hepatology, vol. 25,
supplement 1, pp. S75–S79, 2010.

[53] M. A. Webber and L. J. V. Piddock, “The importance of
efflux pumps in bacterial antibiotic resistance,” Journal of
Antimicrobial Chemotherapy, vol. 51, no. 1, pp. 9–11, 2003.

[54] C. R. DeLoney and N. L. Schiller, “Characterization of an
in vitro-selected amoxicillin-resistant strain of Helicobacter
pylori,” Antimicrobial Agents and Chemotherapy, vol. 44, no.
12, pp. 3368–3373, 2000.

[55] M. M. Gerrits, A. P. O. Godoy, E. J. Kuipers et al., “Multiple
mutations in or adjacent to the conserved penicillin-binding
protein motifs of the penicillin-binding protein 1A confer
amoxicillin resistance to Helicobacter pylori,” Helicobacter, vol.
11, no. 3, pp. 181–187, 2006.

[56] N. N. Qureshi, D. Morikis, and N. L. Schiller, “Contribution of
specific amino acid changes in penicillin binding protein 1 to
amoxicillin resistance in clinical Helicobacter pylori isolates,”
Antimicrobial Agents and Chemotherapy, vol. 55, no. 1, pp.
101–109, 2011.

[57] H. Tsugawa, H. Suzuki, K. Satoh et al., “Two amino acids
mutation of ferric uptake regulator determines Helicobacter
pylori resistance to metronidazole,” Antioxidants and Redox
Signaling, vol. 14, no. 1, pp. 15–23, 2011.

[58] J. M. Moore and N. R. Salama, “Mutational analysis of
metronidazole resistance in Helicobacter pylori,” Antimicrobial
Agents and Chemotherapy, vol. 49, no. 3, pp. 1236–1237,
2005.
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Helicobacter pylori is a major human pathogen that infects the stomach and produces inflammation that is responsible for various
gastroduodenal diseases. Despite the high prevalence of H. pylori infections in Africa and South Asia, the incidence of gastric
cancer in these areas is much lower than in other countries. The incidence of gastric cancer also tends to decrease from north to
south in East Asia. Data from molecular epidemiological studies show that this variation in different geographic areas could be
explained in part by different types of H. pylori virulence factors, especially CagA, VacA, and OipA. H. pylori infection is thought
to be involved in both gastric cancer and duodenal ulcer, which are at opposite ends of the disease spectrum. This discrepancy can
also be explained in part by another H. pylori factor, DupA, as well as by CagA typing (East Asian type versus Western type). H.
pylori has a genome of approximately 1,600 genes; therefore, there might be other novel virulence factors. Because genome wide
analyses using whole-genome sequencing technology give a broad view of the genome of H. pylori, we hope that next-generation
sequencers will enable us to efficiently investigate novel virulence factors.

1. Introduction

Helicobacter pylori is a gram-negative spiral bacterium whose
ecological niche is the human stomach. It is a major
human pathogen that infects the stomach and produces
inflammation that is responsible for diseases, such as
duodenal ulcer, gastric ulcer, gastric cancer, and mucosa-
associated lymphoid tissue lymphoma. Despite a general
decline in the incidence of gastric cancer, it remains the
fourth most common cancer and second leading cause of
cancer-related deaths worldwide (http://globocan.iarc.fr/).
Interestingly, despite the high prevalence of H. pylori infec-
tions in Africa and South Asia, the incidence of gastric cancer
in these areas is much lower than in other countries; these
phenomena are called African enigmas and Asian enigmas
[1] (Table 1). Furthermore, the incidence of gastric cancer
has a tendency to decrease from north to south in East
Asia. The pathogenesis of the different clinical outcomes
is multifactorial with environmental factors (mainly diet)
often playing a dominant role and with an influence by host

factors, especially those governing the severity of the immune
response as well as the virulence of the infecting organism.

H. pylori, which is highly heterogeneous, has a genome of
approximately 1,600 genes, the majority of which have been
functionally characterized, and 5% to 10% appear to be H.
pylori specific [2, 3]. Genes that are specifically thought to
be associated with virulence include vacA, cagA, oipA, and
dupA. This paper describes the current knowledge about the
pathogenesis of H. pylori-related diseases from the aspect of
the virulence factors of H. pylori.

2. VacA (Vacuolating Cytotoxin)

Virtually all H. pylori strains have a functional VacA, which
encodes a vacuolating cytotoxin. In addition to vacuola-
tion, vacA can induce multiple cellular activities, including
membrane channel formation, cytochrome c release from
mitochondria leading to apoptosis, and binding to cell-
membrane receptors, which is followed by the initiation of
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Table 1: Incidence of gastric cancer in 2008.

Geographic region Country
Total Male Female

Total numbers ASR Total numbers ASR Total numbers ASR

World total 989598 14.1 640556 19.8 349042 9.1

Asia 727500 18.6 484244 25.9 243256 11.7

East Asia 601314 30.0 408208 42.4 193106 18.3

West Asia 14879 9.4 9248 12.6 5631 6.7

Southeast Asia 43281 8.6 24926 10.9 18355 6.7

South-Central Asia 68037 5.3 41871 6.7 26166 3.9

Latin America and Caribbean 65360 11.7 39401 15.7 25959 8.4

South America 47244 12.4 29312 17.3 17932 8.4

Central America 14144 10.9 7671 12.7 6473 9.3

Caribbean 3972 8.5 2418 11.2 1554 6.1

Europe 146939 10.3 87548 14.7 59391 7.0

Central-East Europe 73940 14.7 43292 22.2 30648 9.7

South Europe 32873 10.1 19953 14.0 12920 6.8

West Europe 27457 6.5 16530 9.0 10927 4.4

North Europe 12669 6.2 7773 8.6 4896 4.2

Oceania 2728 5.5 1746 7.5 982 3.7

North America 24401 4.2 15051 5.8 9350 2.8

Africa 22659 4.0 12557 4.7 10102 3.3

(1) East Asia South Korea 27098 41.4 18200 62.2 8898 24.6

(2) East Asia Mongolia 603 34.0 390 48.2 213 22.3

(3) East Asia Japan 102040 31.1 69561 46.8 32479 18.2

(4) East Asia China 464439 29.9 315843 41.3 148596 18.5

(5) Central America Guatemala 2332 26.6 1123 27.3 1209 25.9

(6) Central America Honduras 1245 26.6 701 31.4 544 22.3

(7) South-Central Asia Bhutan 114 24.2 76 31.6 38 16.2

(8) South America Ecuador 3025 23.7 1667 28.0 1358 19.8

(9) South-Central Asia Kyrgyzstan 964 23.2 619 34.2 345 14.5

(10) Central-East Europe Belarus 3527 22.5 2023 34.2 1504 15.0

(11) Central America Costa Rica 946 21.8 584 28.5 362 15.6

(12) South Europe Albania 845 21.3 459 25.4 386 17.6

(13) South America Peru 5215 21.2 2593 22.6 2622 20.0

(14) South-Central Asia Kazakhstan 3329 20.6 1939 31.7 1390 13.7

(15) West Africa Mali 1177 20.3 567 21.6 610 19.3

(16) South-Central Asia Tajikistan 716 18.9 384 22.9 332 15.6

(17) Southeast Asia Viet Nam 15068 18.9 8429 24.4 6639 14.6

(18) Caribbean Jamaica 522 18.3 318 24.9 204 12.3

(19) South America Chile 3762 17.9 2497 27.3 1265 10.3

(20) Central-East Europe Russia 40615 17.5 22876 26.9 17739 11.7

(21) South America Colombia 6638 17.4 3959 23.4 2679 12.5

(22) West Asia Azerbaijan 1428 17.3 805 22.9 623 12.9

(23) Central-East Europe Ukraine 13181 16.1 7902 25.2 5279 10.3

(24) South-Central Asia Afghanistan 1716 15.8 1036 19.5 680 12.2

(25) South-Central Asia Iran 8641 15.6 6188 21.9 2453 9.0

(26) South-Central Asia Turkmenistan 532 15.4 310 21.2 222 10.9

(27) West Asia Armenia 670 15.1 414 23.0 256 9.6

(28) South Europe FYR Macedonia 468 15.1 315 22.7 153 8.6

(29) North Europe Lithuania 916 15.0 532 23.0 384 10.0

(30) South Europe Montenegro 149 15.0 85 19.2 64 11.5

ASR: age-standardized incidence rates per 100,000 population.
Data are obtained from GLOBOCAN databases, which provide access to the most recent estimates (for 2008) of the incidence of and mortality from 27 major
cancers worldwide and is organized by the International Agency for Research on Cancer (IARC) (http://globocan.iarc.fr/).
In addition to the ASR for geographic regions, countries with ASRs that are equal or more than 15.0 for the total (male and female) with total number of
gastric cancer more than 100 are listed.
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a proinflammatory response [4–6]. In addition, VacA can
specifically inhibit T-cell activation and proliferation [7–9].

Differences in vacA structure at the signal (s) region (s1
and s2) and the middle (m) region (m1 and m2) contribute
to variations in the vacuolating activity of different H. pylori
strains [10]. s1/m1 strains are the most cytotoxic, followed
by s1/m2 strains. However, s2/m2 strains have no cytotoxic
activity, and s2/m1 strains are rare [10]. Many studies in
Western countries, including Latin America, the Middle East,
and Africa, have shown that individuals who are infected
with vacA s1 or m1 strains have an increased risk of peptic
ulcers and/or gastric cancer compared to those infected
with s2 or m2 strains [10–12]. In East Asia, most of the
H. pylori strains possess the vacA s1 genotype; therefore,
the type of s region is independent of clinical outcomes
[13, 14]. In contrast, the m1 genotype is common in areas
of Northeast Asia, such as Japan and South Korea, whereas
the m2 genotype is predominant in areas of Southeast Asia,
such as Taiwan and Vietnam [14, 15]. Because the incidence
of gastric cancer is higher in the northern regions than in
the southern regions of East Asia, the vacA m region may
play a role in the regional differences in the disease pattern
in East Asia. We recently reported that the vacA m1 genotype
was more prevalent in Hanoi than in Ho Chi Minh City
in Vietnam, and the incidence of gastric cancer was higher
in Hanoi than in Ho Chi Minh City [16]. These findings
support the possibility that the vacA m region is related to
clinical outcomes in East Asia.

Okinawa consists of several small islands (2,276 km2) in
southwestern Japan. Although the prevalence of H. pylori in
Okinawa is not different from other parts of Japan [8, 13], the
incidence of gastric cancer in Okinawa (6.3 deaths/100,000
population) is the lowest in Japan (mean mortality rate of
Japan, 11.8 deaths/100,000 population in 2009) (Center for
Cancer Control and Information Services, National Cancer
Center, Japan, (http://www.ncc.go.jp/)). Interestingly, most
of the H. pylori strains possess the vacA s1/m1 genotype
in the mainland of Japan (e.g., Kyoto) [14]. However,
we recently reported that less than 70% of the strains
possessed the s1/m1 genotype in Okinawa [17]. In that study,
we evaluated 337 strains and found that the vacA s1/m2
genotype was significantly prevalent in strains derived from
gastritis than those derived from gastric ulcers (17.3% versus
7.9%, resp.; P = 0.04). The prevalence of the vacA s2/m2
genotype was significantly higher in strains derived from
gastritis than those derived from gastric ulcers, duodenal
ulcers, and gastric cancer (22.4% versus 11.9%, 10.5%, and
4.2%, resp.; P = 0.04, 0.01, and 0.04, resp.). Therefore, even
in East Asia in areas where there are many cases with non-
s1/m1 strains, both the vacA s and m genotypes can be used
as markers for H. pylori-related diseases.

In 2007, a third disease-related region of vacA, which was
named the intermediate (i) region, was identified between
the s region and the m region [18]. All s1/m1 strains were
classified as i1 type, and all s2/m2 strains were classified as i2
type. However, s1/m1 strains were classified as either i1 or i2
types and i1 strains were shown to be more pathogenic. In a
recent study, a novel intermediate variant (i3) was identified.
This variant was often found in Turkish strains (25.7%) [19].

In the original study [18], it was reported that the vacA i
genotype was more effective in determining the risk of gastric
cancer than in typing the s region or the m region in Iran.
An additional study that was conducted by the same group
showed that the vacA i genotype was related to the presence
of peptic ulcers in Iraq and Italy [20, 21]. Interestingly, a
recent study from Republic of South Korea showed that the
polymorphisms at amino acid position 196 of vacA, which is
located in the i region, were associated with severe outcomes
[22]. However, in our study in East and Southeast Asia,
there were no associations between the i region and diseases
[23]. In a recent study from Portugal that examined patients
with progression to more severe histological diagnoses after
a mean of 12.8 years of follow-up, the vacA i genotype
did not improve the prediction of progression given by the
other vacAloci, as in s and m regions [24]. More recently,
we identified a fourth disease-related region between the i
region and the m region and named it the deletion (d) region
[25]. The d region is divided into d1 without a deletion
and d2 with a 69 to 81 bp deletion. Our study of Western
strains showed that d1 was a risk factor for gastric mucosal
atrophy. However, almost all East Asian strains were classified
as s1/i1/d1. Although the roles of the i and d regions should
be investigated in a future study, the genotypes of the s and
the m regions seem to currently serve as good markers of
clinical outcomes.

3. CagA (Cytotoxin-Associated Gene A Product)

cagA is located at one end of the cag pathogenicity island
(PAI), which is an approximately 40 kbp region that is
thought to have been incorporated into the H. pylori genome
by horizontal transfer from an unknown source [26]. The
cag PAI encodes a type IV secretion system (T4SS), through
which CagA is delivered into host cells [27]. CagA has been
reported to interact with various target molecules in host
cells, and the best studied is the cytoplasmic Src homology-
2 domain of Src homology-2 phosphatase (SHP-2), which is
known to have oncogenic activity [28]. An animal study that
used Mongolian gerbils showed that gastric cancer developed
in animals infected with wild-type H. pylori, whereas it
did not in gerbils infected with isogenic cagA mutants [29,
30]. Another study showed that gastric cancer and other
malignant neoplasms occurred in some transgenic mice with
an artificially introduced CagA protein [31]. These results
provide strong evidence for the role of CagA as a bacterium-
derived oncoprotein.

There are 2 types of clinical H. pylori isolates: cagA gene-
positive strains and cagA gene-negative strains. Almost all
H. pylori isolates from East Asia are cagA positive, whereas
approximately 20% to 40% of isolates from Europe and
Africa are cagA negative [14]. Therefore, the pathogenic
differences in East Asia are difficult to explain only in terms
of the presence or absence of cagA alone [13]. In Western
countries, however, it has been reported that individuals
infected with cagA-positive strains are at a higher risk for
peptic ulcer and/or gastric cancer than those infected with
cagA-negative strains [32, 33]. It is interesting to note that
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almost all cagA-positive strains are classified as the vacA s1
strain (either m1 or m2), whereas almost all cagA-negative
strains are classified as the vacA s2/m2 strain [10].

More than 10 years ago, we first reported that cagA could
be mainly classified into 2 types (East Asian type and Western
type) according to the sequence located in the 3′ region of
cagA [34, 35]. We initially classified the repeat regions into 2
types, the first repeat and the second repeat, and found that
the sequence of the second-repeat region was considerably
different between East Asian strains and Western strains
[14, 34–36]. Each region contains the Glu-Pro-Ile-Tyr-Ala
(EPIYA) motifs, which includes a tyrosine phosphorylation
site. Recently, it has been more common to name the first-
repeat regions as EPIYA-A and EPIYA-B segments and the
second-repeat region in Western and East Asian strains as
EPIYA-C and EPIYA-D segments, respectively [28]. Each
CagA sequence was assigned a sequence type that consisted of
the names of the EPIYA segments in its sequence (e.g., ABC,
ABCC, ABD).

In vitro experiments have shown that CagA with an
EPIYA-D segment has a higher binding ability for SHP-
2 than CagA with an EPIYA-C segment [28]. An animal
study showed that malignant neoplasms occurred in some
East Asian-type CagA-introduced transgenic mice, whereas
the frequency of tumors was significantly lower in Western-
type CagA-introduced transgenic mice [37]. In addition,
molecular epidemiological studies from Thailand and South
Korea showed that individuals infected with East Asian-
type cagA strains have an increased risk of peptic ulcer or
gastric cancer compared with those infected with Western-
type cagA strains [22, 38]. We also recently reported that the
different incidences of gastric cancer between Okinawa and
mainland Japan might be explained by the high prevalence of
Western-type cagA strains in Okinawa compared with other
areas of Japan [17]. In our study from Okinawa, the East
Asian-type cagA genotype was significantly more prevalent
in strains derived from gastric ulcers (83.2%) and gastric
cancer (87.5%) than those derived from gastritis (60.2%)
(P < 0.001 and P = 0.01, resp.). The prevalence of the East
Asian-type cagA genotype was also significantly higher in
strains derived from gastric ulcers (83.2%) and gastric cancer
(87.5%) than those derived from duodenal ulcer (64.0%)
(P = 0.001 and 0.02, resp.). In contrast, there was no
significant difference between the prevalence of East Asian-
type cagA in duodenal ulcers and gastritis (64.0% versus
60.2%). H. pylori infection is thought to be involved in both
gastric cancer and duodenal ulcers, which are at the opposite
ends of the disease spectrum. According to our results, this
discrepancy can be explained in part by the prevalence of East
Asian-type cagA, which might be specifically related to the
development of gastric cancer. Overall, both in vitro and in
vivo (animal and human) data clearly show that East Asian-
type CagA is more carcinogenic than Western-type CagA.

However, it should be noted that the incidence of gastric
cancer is high in some regions where Western-type CagA
is predominant. For example, although Western-type CagA
strains have been reported to account for the majority of
H. pylori strains in Columbia [4, 39], the incidence of
gastric cancer there is substantially high (Table 1). These

facts cannot be explained by the concept of East Asian-
type CagA versus Western-type CagA alone. We published
the first report that suggested that the number of second-
repeat regions is associated with gastric cancer both in East
Asia (Japan) and in Western countries, including Colombia
[34, 35]. Importantly, our study of 100 H. pylori isolates that
were derived from patients with simple gastritis (30 isolates
were from Columbia and 70 were from the USA, where the
incidence of gastric cancer is low (Age-Standardized Rate =
4.1)) showed that 57% of the isolates from Columbia had
2 EPIYA-C segments, whereas only 4% of the isolates from
the USA had 2 EPIYA-C segments [15]. Several studies have
confirmed that the incidence of gastric cancer is significantly
higher in patients infected with strains with multiple EPIYA-
C segments compared with those infected with a single
segment in Western countries [34, 35, 40, 41]. In addition,
a recent large-scale study showed that a higher number
of EPIYA-C repeats was associated with gastric cancer and
gastric precancerous lesions, as shown by histological gastric
atrophy/metaplastic changes and decreased serum levels of
pepsinogen I [42]. The prevalence of H. pylori infections is
high in Africa, while gastric cancer is uncommon, which is
known as the “African Enigma” [43]. However, the incidence
of gastric cancer is extremely high in Mali, and the frequency
of gastric cancer among women in Mali is higher than in
Japan (Table 1). It will be interesting to investigate the cagA
genotypes in Mali. Taken together, the number of EPIYA-
C segments may explain to some extent the geographic
difference in the incidence of gastric cancer in Western
countries. Somewhat interestingly, although we first reported
that the risk of gastric cancer development in the Japanese
population increased when the number of second-repeat
regions was 2 compared with 1, the structure of the second
repeat was not DD, but B′D, in which the sequences of
B′ were more similar to B than to D [44]. Recent in
vitro data have shown that SHP2 binds EPIYA-B segments
and C-terminal Src tyrosine kinase (Csk), which is another
important molecule that is involved in intracellular signaling
systems and prefers to bind EPIYA-A and EPIYA-B segments
[45]. These results might indicate that each EPIYA segment
plays a role in gastric pathogenesis, and a larger number of
any type of EPIYA segments might be used as a marker for
an increasing risk for gastric cancer.

As one goes southward in East Asia, the incidence of
gastric cancer becomes lower, and the incidence in Vietnam
is half of that in South Korea (Table 1), although most
Vietnamese strains (93%) have been reported to possess the
East Asian-type CagA [16]. In addition, most of the strains
in both Vietnam and South Korea have only 1 EPIYA-A,
EPIYA-B, and EPIYA-D segments [44]. Recently, we reported
that the structure of the East Asian-type cagA in Vietnamese
strains was slightly different from that of strains from other
East Asian countries [16]. Vietnamese strains have a unique
18 bp deletion that is located slightly upstream of the EPIYA-
A segment, whereas the 39 bp deletion is common in East
Asian strains, such as those in Japan and South Korea, and no
depletion was identified in Western strains. Further research
is necessary to determine whether these subtypes are involved
in the pathogenesis of gastric cancer.
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4. OipA (Outer Inflammatory Protein)

OipA, which is one of the outer membrane proteins,
functions in adhesion [46]. Its functional status is regulated
by slipped-strand mispairing that is based on the number
of CT dinucleotide repeats in the 5′ region of the genes
(switch “on” = functional and switch “off” = nonfunctional)
[46]. OipA was initially identified as a proinflammatory
response-inducing protein based on the fact that oipA-
isogenic mutants reduced the induction of interluekin-8 (IL-
8) from gastric epithelial cell lines [46]. A recent study
revealed that OipA has a function of inducing inflammation
and actin dynamics through the phosphorylation of multiple
signaling pathways that usually interact with cag PAI (CagA)-
related pathways [47–52].

We previously examined the expression status or pres-
ence of multiple virulence factors (cag PAI, vacA, iceA,
oipA, and babA) in different clinical outcomes [33]. H.
pylori isolates were obtained from 247 patients in the USA
and Colombia. An independent univariate analysis showed
that the oipA “on,” cag PAI-positive, vacA s1 genotype
and the babA-positive type were all related to the risk
of duodenal ulcer. However, a multiple logistic regression
analysis showed that only the oipA “on” status was an
independent determinant predictor of duodenal ulcer from
gastritis (adjusted odds ratio (OR), 5.0; 95% confidence
interval (CI) = 2.1–11.9). This finding was confirmed in
a distinct study that used a nonoverlapping cohort of 200
patients that were examined by an immunoblot analysis for
4 outer-membrane proteins: OipA, BabA, BabB, and SabA
[53]. A multiple logistic regression analysis showed that only
the OipA-positive status was an independent determinant
predictor of gastric cancer versus gastritis (OR, 4.8; 95% CI =
1.4–16.8) and duodenal ulcer versus gastritis (OR, 4.0; 95%
CI = 1.6–10.2). In addition, a challenge of human volunteers
with an oipA “on”/whole cag PAI-negative clinical isolate
(Baylor strain 100 or ATCC BAA-945) that caused severe
inflammation supports this notion [54]. In addition, an in
vitro study showed that the oipA mutants did not induce
gastric mucosal inflammation in mice that were infected
for 12 weeks, whereas cagE mutants did induce mucosal
inflammation, although the levels were milder than in the
parental strains (cagE is an important component of cag PAI)
[55].

The above findings suggest that the presence of OipA is
a better marker of severe clinical outcomes than cag PAI.
However, it is important to note that clinical isolates that
contain the cag PAI typically have an oipA “on” status [33,
53, 56–58] despite the oipA gene being physically located
approximately 100 kbp from the cag PAI on the H. pylori
chromosome. oipA status is also linked to the vacA s region
type, and it is further closely linked to the presence of the
babA gene, which is another virulence factor that codes outer
membrane proteins [59]. These linkages of the virulence
factors may have a certain biological significance, and they
may somehow interact with each other; therefore, it might be
better to hypothesize that these factors interact synergistically
with each other and induce serious diseases, rather than to
discuss which of these factors is the most virulent [15]. It is

interesting to note that most East Asian strains are classified
as oipA status “on,” and the CT-repeat sequences in the signal
region of oipA were half-collapsed (e.g., CTGCCTTTCT
repeat sequence), suggesting that this may result from an
intentional change in the status in the course of evolution of
the bacteria in order to prevent the switch from being turned
“off” easily [46].

5. DupA (Duodenal Ulcer Promoting)

In 2005, we described a novel virulence factor, duodenal ulcer
promoting (dupA) gene, which was located in the plasticity
region of the H. pylori genome [60]. DupA pathogenesis
appears to involve the induction of IL-8 production in the
antrum, leading to antrum-predominant gastritis, which is a
well-recognized characteristic of duodenal ulcer. Addition-
ally, it has been reported that H. pylori containing intact
dupA induces the IL-12 production of monocytes [61].

As for the molecular epidemiological studies, our initial
study of a total of 500 H. pylori isolates, including 160 from
Japan, 175 from Korea, and 165 from Colombia, showed
that the positive rate for dupA was high in patients with
duodenal ulcer and low in patients with gastric cancer,
regardless of the patients’ nationality (42% versus 9% on
average) [60]. However, several controversial results have
been reported worldwide, and an association between the
presence of dupA and gastroduodenal diseases has appeared
in some populations but not in others [15, 62]. dupA is
generally more prevalent in Western strains than in Asian
strains. In a recent review, the worldwide prevalence of dupA
in patients with gastritis was reported to be 44.8%, and this
value differed significantly between nationalities/ethnicities;
H. pylori isolates from South America were significantly more
likely to possess dupA (79.21% (160/202)) than those from
East Asian (36.62% (130/355)), Middle Eastern (40.21%
(39/97)), or European (43.75% (42/96)) countries [63]. The
association between dupA status and disease development
is primarily observed in Asian countries, such as China,
Korea, Iraq, and North India. Our meta-analysis showed
that infection with dupA-positive H. pylori increased the
duodenal ulcer risk (OR, 1.41; 95% CI = 1.12–1.76),
particularly in Asian countries (OR, 1.57; 95% CI = 1.19–
2.06), but not in Western countries (OR, 1.09; 95% CI =
0.73–1.62) [64]. In contrast to the linkage among CagA,
VacA, and OipA, most studies showed that there were no
relationships between the presence of dupA and the presence
of CagA, VacA, or OipA [64].

There are several possible explanations why the impor-
tance of dupA in gastroduodenal diseases has been controver-
sial among studies. First, the discrepancy could be related to
the limitations of the techniques used for detecting the intact
dupA gene. All previous studies evaluated the presence of
dupA by polymerase chain reactions and dot blot/Southern
hybridization, but DupA proteins were not detected by
immunoblot. However, it is well known that there are many
cases with frame-shift mutations in dupA. Strains with these
mutated sequences are not able to produce intact DupA
proteins. Intriguingly, the presence of dupA without a stop
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codon was more frequently observed in strains from patients
with duodenal ulcer than in those from patients with gastritis
or gastric cancer [65]. Hussein et al. recently classified a dupA
allele with 1,884 bp as dupA1 and a truncated version with
mutations as dupA2 [61]. Secondly, recent full-sequenced
data of H. pylori revealed that the length of dupA depends
on the strains, and the length of the Shi470 and G27 strains
has an approximately 600-bp longer open reading frame
(approximately 2,500 bp) than that of strain J99, due to the
additional 5′ region of dupA. This suggests that dupA has 2
genotypes according to the location of the signal sequence
of the 5′ region (long-type and short type). However, no
previous studies took the additional 5′ region into account.
Our preliminary data from Okinawa, Japan showed that the
long-type dupA and not the short type dupA was significantly
associated with severe gastroduodenal diseases (unpublished
observation). A lack of concern about the 5′ region of dupA
might be one reason for the discrepancies in the previous
results. Although it is unknown whether proteins from short
type dupA could be produced and/or functional, these data
suggest that only strains that possess the long-type dupA
without frame-shift mutations could be functional. Further
analyses of the dupA DNA sequence will be necessary to
clarify the significance of intact dupA. Additionally, intact
dupA should be detected by measuring DupA protein with
immunoblotting techniques.

Finally, dupA is predicted to form a T4SS with vir
genes around dupA (dupA cluster). Three gene clusters
that code for T4SS have been recognized in H. pylori: a
protein translocation system encoded by the cag PAI, a
DNA-uptake system encoded by the ComB cluster, and an
unknown cluster in the plasticity region [66]. dupA and
virB4, which is one of the constituents of T4SS, are highly
homologous. dupA and the adjacent 6 vir gene homologs
(virB8, B9, B10, B11, virD4, and D2) in the plasticity region
were predicted to form the third T4SS [15]. We recently
investigated the prevalence of dupA and vir gene homologs
and the associations between the status of dupA clusters and
clinical outcomes in the US population and found that the
presence of a complete dupA cluster increases the duodenal
ulcer risk compared with H. pylori infection with incomplete
dupA clusters or without the dupA gene independent of the
cag PAI status (adjusted OR, 2.13; 95% CI = 1.13–4.03)
[66]. Therefore, although the causal relationship between the
dupA cluster and duodenal ulcer development has not been
proven, the presence of a complete dupA cluster and not
dupA alone is associated with duodenal ulcer development.
Overall, currently, the presence of a complete dupA cluster
with intact dupA (long-type without frame-shift mutation)
could be a good marker to predict the development of
duodenal ulcer. Studies of the plasticity zone are only at the
beginning and may be the most attractive area for future
investigations.

6. Detection of Genomic Changes for
Clinical Studies

The rapid advances in sequencing technology have enabled
massive sequence comparisons. One of the prospective

applications of the new technology to the study of H. pylori is
the identification of novel virulence factors [67–69]. Whole-
genome analyses are useful for the investigation of genetic
factors that are related to differences in the virulence among
strains. McNamara and El-Omar compared the genome
sequences of an isolate that was obtained from a patient with
gastric cancer (strain 98-10) and an isolate from a patient
with gastric ulcer (strain B128) and determined strain-
specific genes of strain 98-10 that were candidate genes
associated with gastric cancer [70]. Kawai et al. investigated
the evolution of East Asian strains using 20 whole genomes of
Japanese, Korean, Amerindian, European, and West African
strains [68]. A phylogenetic analysis revealed a greater
divergence between the East Asian strains and the Western
strains in genes related to virulence factors, especially those
related to outer membrane proteins and lipopolysaccharide
synthesis enzymes. Genomic changes during infection have
also been studied. The whole-genome sequence of strain
HPAG1 was determined with the whole-genome shotgun
method, and the data obtained were used to design a custom
microarray [71]. Genotyping of isolates that were obtained
from patients with chronic atrophic gastritis revealed gained
and lost genes during the progression of the disease, and
whole-genome transcriptional profiling identified genes that
were associated with the adaptation of H. pylori to chronic
atrophic gastritis.

A chronological comparison of the whole genome was
performed for 5 sets of H. pylori strains from Colombia
with isolation intervals of 3 to 16 years using the 454 next-
generation sequencing technology [72]. A comparison of
the genomes revealed single-nucleotide polymorphisms and
imported clusters that resulted from recombination, which
is frequently found in members of the hop family. Data
obtained with the massively parallel sequencing technology
provide valuable information on candidates of new virulence
factors.

7. Conclusions

It is obvious that the 4 virulence factors described in this
paper are important. However, because H. pylori consists
of approximately 1,600 genes, there remains the possibility
that additional important pathogenic genes will be identified.
The sequencing technology is still advancing. We believe that
larger amounts of data will become available at lower costs in
the near future, and other important novel virulence factors
might be discovered. We must also note that the gastric
cancer incidence has been changed remarkably with environ-
mental factors, such as diet (e.g., salt intake) or immigration.
Host factors (e.g., gene polymorphisms) and duration of
the infection (e.g., early infection with duodenal ulcer and
late infection with gastric cancer) should also be taken into
account. These various factors are thought to interact in a
complex manner with each other in the actual development
of diseases. We hope that we will gradually understand
the mechanisms underlying how H. pylori induces gastric
inflammation and leads to severe gastroduodenal diseases,
such as gastric cancer, by combining bacterial factors with
other factors, such as environmental factors and host factors.
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This paper reviews the literature about first-line therapies for H. pylori infection in recent years. First-line therapies are facing
a challenge because of increasing treatment failure due to elevated antibiotics resistance. Several new treatment strategies that
recently emerged to overcome antibiotic resistance have been surveyed. Alternative first-line therapies include bismuth-containing
quadruple therapy, sequential therapy, concomitant therapy, and hybrid therapy. Levofloxacin-based therapy shows impressive
efficacy but might be employed as rescue treatment due to rapidly raising resistance. Rifabutin-based therapy is also regarded as a
rescue therapy. Several factors including antibiotics resistance, patient compliance, and CYP 2C19 genotypes could influence the
outcome. Clinicians should use antibiotics according to local reports. It is recommended that triple therapy should not be used in
areas with high clarithromycin resistance or dual clarithromycin and metronidazole resistance.

1. Introduction

Eradicating Helicobacter pylori (H. pylori) is the most impor-
tant aspect of managing H. pylori-related gastrointestinal dis-
eases. In the past decade, the Maastricht III Consensus
Report has recommended that proton pump inhibitor-
(PPI-) clarithromycin-amoxicillin or metronidazole treat-
ment is the first choice for H. pylori infection [1]. Although
some studies have revealed that the eradication rates of
standard triple therapies are around 80% (by per-protocol
(PP) analysis) [2, 3], most studies have demonstrated the
success rate of recommended triple therapies is falling [4–
7]. According to recent studies, such eradication rates have
plummeted to even 25%–60% [8–10]. The many causes of
fall in efficacy are varied including antibiotic resistance, poor

compliance, high gastric acidity, high bacterial load, and
the cytochrome P450 2C19 (CYP2C19) polymorphism [10].
Compliance is an important factor where patients with good
compliance (taking more than 60% of prescribed agents)
have a higher treatment success compared to patients with
poor compliance (96 versus 69%) [11]. The factors that neg-
atively affect successful eradication are an increase in body
mass index and smoking [12, 13]. Besides, other factors
including the patient’s history of antibiotic use, the cost, and
availability of the drugs would also influence the choice of
regimen.

In order to overcome the challenge of decreasing eradi-
cation rates, many novel first-line therapies have been devel-
oped. According to guidelines of the Maastricht III, the min-
imal acceptable eradication level recommended is an 80%
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eradication rate (by intention-to-treat (ITT) analysis) [1].
Graham and Fischbach recommended that clinicians should
only use what works locally and ignore consensus statements
and society guidelines if they are not consistent with local
results [14]. According to the recommendation of the Asian
Pacific Helicobacter pylori meeting 2012 in Singapore: (1)
in areas with low clarithromycin resistance rates, standard
triple therapy should be the primary choice, while bismuth-
containing quadruple, sequential therapy, and concomitant
therapy could be alternative first-line therapies and (2) in
areas with high clarithromycin resistance, regimens includ-
ing bismuth-containing quadruple, sequential therapy, and
concomitance should be the better choice for first-line regi-
mens. This paper will introduce recent novel and acceptable
regimens as the first-line therapies of H. pylori and the factors
influencing eradication.

2. Standard Triple Therapy

Triple therapies are still the most commonly used first-
line therapy in the world despite decreasing efficacy [14].
Clarithromycin resistance plays the cardinal role in failure
of eradication [14–16]. The standard triple therapy showed
a better eradication rate in clarithromycin-sensitive strains
than in clarithromycin-resistant strains (88% versus 18%)
[16], so it is recommended that standard first-line therapies
should be abandoned in areas with clarithromycin resistance
of more than 15–20% [14], because the eradication rate often
decreased to less than 85% (PP) and less than 80% (ITT)
[8, 9, 15–17].

However, prolonged duration of standard triple therapy
might be a good method to overcome the challenge of resis-
tance. A systemic review showed that the distribution of
clarithromycin-resistant strains ranged from 49% (Spain) to
1% (Netherlands) worldwide [18]. One American study in
2011 surveyed the efficacy of 14-day triple therapy. The
eradication rates of 14-day standard therapy, concomitant
therapy, and sequential therapy were 82.2% (401 of 488),
73.6% (360 of 489), and 76.5% (372 of 486), respectively. It
demonstrated that fourteen-day triple therapy is preferable
to 5-day concomitant or 10-day sequential four-drug regi-
mens [19].

3. Bismuth-Containing Quadruple Therapy

The Maastricht III Consensus Report [1] and the Second
Asia-Pacific Consensus Guidelines for H. pylori Infection
[20] both recommended bismuth-containing quadruple
therapy as an alternative first-line regimen for H. pylori infec-
tion. Three studies with this combination given for 10 days
have demonstrated eradication (or successful treatment, but
DC rates) rates more than 90% [21–23]. One study com-
pared the efficacy of a 10-day bismuth-containing quadruple
therapy and a 7-day triple therapy. Their data revealed that
the bismuth-quadruple therapies had a higher eradication
rate than the triple therapy (93% versus 70% by PP anal-
ysis) [23]. To improve compliance, one RCT presented
that a capsule containing bismuth subcitrate potassium,
metronidazole, and tetracycline given with omeprazole

was comparable to clarithromycin-based triple therapy.
The eradication rates were 80% in the quadruple therapy
group versus 55% in the standard therapy group [23].
Besides, the bismuth-containing quadruple therapy provides
superior eradication with similar safety and tolerability
to standard therapy. So the quadruple therapy should be
considered as first-line treatment in the areas of high clar-
ithromycin resistance.

However, there is no agreement with the duration of
bismuth-containing quadruple therapy now. Ten or fourteen
days are often used durations in these regimens [24]. Further
survey is needed.

4. Sequential Therapy

A 10-day sequential therapy consists of a 5-day dual therapy
with a PPI (standard dose, b.i.d.) and amoxicillin (1000 mg,
b.i.d.) followed by a 5-day triple therapy with a PPI
(standard dose, b.i.d.), clarithromycin (500 mg, b.i.d.) and
metronidazole (500 mg, b.i.d.). This novel therapy shows an
impressive eradication rate above 90% [25–28]. The ratio-
nale of sequential therapy includes (1) Amoxicillin would
decrease the bacterial load and then the risk of selection
of clarithromycin-resistant mutant and (2) Amoxicillin may
disrupt the efflux pump preventing clarithromycin resis-
tance. Gatta et al. reported a meta-analysis (8 Italian studies)
[26] that compared sequential therapy with standard triple
therapy for 7 or 10 days, and they found the relative risk
of H. pylori eradication was 1.21 (95% CI 1.17–1.25). This
meta-analysis showed a trend preferring sequential therapy
to triple therapy. Sequential therapies also demonstrated
better eradication rates than standard triple therapy for
clarithromycin-resistant strains (89% versus 29% by PP
analysis) [25].

However, there is significant heterogeneity observed
between results from Asia and Italy. One study in Asia
compared the sequential therapy with standard triple therapy
and found that the two methods did not have significantly
different eradication rates (86% versus 77% by PP analysis)
[29]. This suggests that there is likely to be a variation in
eradication rates achieved by sequential therapy in different
areas. Another concern is the efficacy of sequential therapy
for dual resistance (clarithromycin and metronidazole resis-
tance). Unfortunately, there is still no large study to confirm
this point. Besides, sequential therapy is more complex than
triple or quadruple therapies and this raises the concern
about patient compliance. However, one study stated that
there was no significantly different compliance between
sequential therapy and concomitant therapy [30].

5. Concomitant Therapy

This regimen containing four-drug regimen: a PPI (standard
dose, b.i.d.), clarithromycin (500 mg, b.i.d.), amoxicillin
(1000 mg, b.i.d.), and metronidazole (500 mg, b.i.d.). All
drugs are given during the course of concomitant therapy
[30]. A meta-analysis was performed in 2009. It compares
concomitant (293 subjects, duration 3 to 5 days) and triple
therapy (283 subjects, duration 5 to 10 days) and four
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other studies evaluating concomitant therapy (478 subjects,
duration 3 to 7 days). Pooled data showed that concomitant
therapy had obviously better eradication rates than triple
therapy: with pooled adds ratio (OR) of 2.86 (95% CI:
1.73–4.73) (by ITT analysis) and pooled OR of 3.52 (95%
CI: 1.95–6.38) (by PP analysis) [31]. One recent study in
2012 also supports these results [32]. Concomitant therapy
is less complex than sequential therapy. One randomized
control trial compared the efficacy of sequential therapy and
concomitant therapy and found that these two therapies
showed similar eradication rates (93.1% versus 93.0% by PP
analysis) and compliance [30].

6. Hybrid Therapy

Hsu et al. [33] presented one novel therapy—The hybrid
therapy. This therapy consists of two-step therapy: a dual
therapy for 7 days (a PPI (standard dose, b.i.d.) and amox-
icillin (1000 mg, b.i.d.)) followed by a quadruple therapy for
7 days (a PPI (standard dose, b.i.d.), amoxicillin (1000 mg,
b.i.d.), clarithromycin (500 mg, b.i.d.), and metronidazole
(500 mg, b.i.d.)). In this therapy, the role of fourteen-
day amoxicillin is to reduce the bacterial load and try to
overcome the challenge of H. pylori with dual resistance
(metronidazole and clarithromycin). They demonstrated
hybrid therapy with high eradication rates: 97% (by ITT
analysis) and 99% (by PP analysis). This study also surveyed
the efficacy in the treatment of H. pylori with dual resistance.
It also showed encouraging results. Tests on the efficacy of
this new regimen is needed with further studies.

7. Quinolone-Based Therapy

Levofloxacin could be used as an alternative agent for clar-
ithromycin in either a standard triple, quadruple, or sequen-
tial regimens. The use of levofloxacin in first-line therapy
has also been surveyed. The eradication rates of levofloxacin-
based triple therapy ranged from 72% to 96% [34]. The
variable rates may result from the difference in resistances.
One study demonstrated efficacy of levofloxacin-based triple
therapy had higher eradication rate than clarithromycin-
based triple therapy (83% versus 66% by PP analysis) [35]. It
also showed that levofloxacin-based quadruple therapy had
similar eradication rates with clarithromycin-based quadru-
ple therapy (85% versus 81% by PP analysis). Another study
surveys the impact of levofloxacin on sequential therapy
[36]. It demonstrated that levofloxacin-based sequential
therapy had higher eradication rates than clarithromycin-
based therapy (96% versus 81 % by PP analysis).

The optimal dose of levofloxacin is another interesting
point. The commonly used dosage of levofloxacin was
500 mg daily in many studies in Asia [37]. Studies demon-
strated that increasing the dosage of levofloxacin cannot
overcome levofloxacin resistance [38, 39]. Furthermore, pre-
vious studies suggest that once-daily dosing of a levofloxacin-
based triple regimen may be as efficacious as twice daily [40].

One critical point should be remembered that quinolone
resistance is raised rapidly in eradication of H. pylori.
Primary resistance to levofloxacin ranges between 8% and

31% in different countries or regions [41–43]. Inappropriate
use of quinolone might result in the development of more
quinolone-resistant pathogens and it might cause much
trouble in controlling respiratory (especially tuberculosis)
and urogenital tract infections. So the quinolone-based triple
therapy is not generally recommended as first-line therapy.
The regimen could be considered in those areas with clar-
ithromycin resistance greater than 15%–20% and quinolone
resistance less than 10% [34].

8. Rifabutin-Based Therapy

Rifabutin is an antituberculous agent and it is also effective
for eradicating H. pylori [44]. The optimal duration of
rifabutin-containing therapies is unclear, but most studies
have recommended 10–12 days. However, there are concerns
about rifabutin-based therapies. One is the side effect of
myelotoxicity (22% (19–25%)) and ocular adverse events
have been reported with rifabutin-based therapy [45].
Another disadvantage is popular use of rifabutin might
result in the development of resistance to Mycobacterium
tuberculosis and Mycobacterium avium. So it is usually used
in rescue therapies only.

9. The Factors Influencing Eradication of
H. pylori Infection

9.1. Resistance. Antibiotic resistance is the most serious
problem in eradicating H. pylori. Resistance rates are remark-
ably variable in different geographic areas and therefore it
is necessary to select the drugs according to local resis-
tance patterns [46]. Clarithromycin resistance is the most
important issue. The cause of high H. pylori clarithromycin
resistance rates was mainly resulted from the long-term use
of clarithromycin for respiratory tract infections [16]. A
systemic review that included 11,697 cases was performed
to survey the resistance rate of clarithromycin in the world
in 2010. On a global scale, resistance was detected in 2014
cases (17.2%, 95% CI 16.5–17.9%). The resistance rates
were obviously different among the following areas: Europe
(11.1%), Asia (18.9%), and America (29.3%) [18]. A meta-
analysis reported the impact of antibiotics resistance on
treatment efficacy: clarithromycin resistance decreased the
efficacy of PPI (standard dose, b.i.d.) + amoxicillin (1000 mg,
b.i.d.) + clarithromycin (500 mg, b.i.d.) regimen by 66%
(95% CI: 54–78%). The efficacy of patients receiving PPI
(standard dose, b.i.d.) + metronidazole (250 mg, q.i.d.) +
clarithromycin (500 mg, b.i.d.) regimen was decreased by
35% (95% CI: 24–44%) from clarithromycin resistance and
decreased by 18% (95% CI: 13–23%) from metronidazole
resistance [47]. Metronidazole resistance seems to have
limited impact on efficacy of eradication.

The resistance to metronidazole is between 30 and 40%
[48, 49], although it has less clinical impact. Metronidazole
resistance can be partially overcome by increasing the dosage
or treatment duration.

Resistance against amoxicillin is usually low around the
world, so its resistance does not influence the use in treat-
ment regimens.
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Table 1: Recommended first-line therapies for Helicobacter pylori infection.

Treatment Regimen
High clarithromycin

resistance area
Low clarithromycin

resistance area

Standard triple therapy
A PPI (standard dose, b.i.d.), clarithromycin (500 mg,
b.i.d.), and amoxicillin (1 g, b.i.d.) for 7–14 days

x V

Bismuth-containing quadruple therapy
A PPI (standard dose, b.i.d.), bismuth (standard dose,
q.i.d.), tetracycline (500 mg, q.i.d.), and
metronidazole (250 mg, q.i.d.) for 10–14 days

V V

Sequential therapy

A 5-day dual therapy with a PPI (standard dose, b.i.d.)
and amoxicillin (1 g, b.i.d.) followed by a 5-day triple
therapy with a PPI (standard dose, b.i.d.),
clarithromycin (500 mg, b.i.d.), and metronidazole
(500 mg, b.i.d.)

V V

Concomitant therapy
A PPI (standard dose, b.i.d.), clarithromycin (500 mg,
b.i.d.), amoxicillin (1 g, b.i.d.), and metronidazole
(500 mg, b.i.d.) for 7–10 days

V V

Levofloxacin-based triple therapy
A PPI (standard dose, b.i.d.), levofloxacin (500 mg,
q.d.), and amoxicillin (1 g, b.i.d.) for 10 days

V —∗

Hybrid therapy

A 7-day dual therapy with a PPI (standard dose, b.i.d.)
and amoxicillin (1 g, b.i.d.) followed by a 7-day
quadruple therapy with a PPI (standard dose, b.i.d.),
amoxicillin (1 g, b.i.d.), clarithromycin (500 mg,
b.i.d.), and metronidazole (500 mg, b.i.d.)

V V

∗Levofloxacin-based triple therapy is useful, but it might not be recommended as first-line therapy under the consideration of rapidly increasing resistance.

Resistance to levofloxacin has increased rapidly in recent
years and the worldwide resistance rate is around 16.2%
(95% CI 14.4–18%). In Taiwan, about five-fold increase in
levofloxacin resistance was observed in primary resistance
(before the year 2004, 3.2%; after the year 2004, 16.3%)
[49]. Average rate of primary levofloxacin resistance to H.
pylori in Europe (2008-2009) is around 14.1% (4.0–28.0%)
[47]. Resistance to fluoroquinolones would become a serious
problem. The methods for preventing the selection of resis-
tance include using a combination of antibiotics, increasing
compliance, and increasing the length of treatment.

9.2. The Polymorphism of CYP2C19. The polymorphisms of
CYP2C19 lead some patients to metabolize PPI more rapidly
than others. Patients are divided into three phenotypes:
extensive (EM), intermediate (IM), and poor (PM) metab-
olizers. Ethnic differences in the frequencies of CYP2C19
gene polymorphism are well known. Asian people have
a higher proportion of poor metabolizers (20 versus 5%)
compared to whites [50, 51]. The different phenotypes result
in different degrees of PPI metabolism. The mechanisms
whereby PPIs influence the efficacy of eradicating H. pylori
include (1) PPIs make acid-labile antibiotics more stable
by increasing gastric pH value, especially clarithromycin,
thereby increasing concentration and H. pylori sensitivity
to antibiotics (2) PPIs may alter transport of antibiotics
from plasma to gastric juice, increase luminal concentrations
and elevating the success rate of eradication [52]. CYP2C19
genotype-dependent H. pylori eradication rates were noted
in many kinds of PPIs [51, 53, 54]. However, rabeprazole
and esomeprazole were less influenced by polymorphism of
CYP2C19 [51, 52].

The effect of increasing dose is unclear. One study in
China demonstrated that increasing the dosage of omepra-
zole (20 to 40 mg) would improve the efficacy of eradication
[55], but other studies did not find a similar dose-dependent
effect by use of omeprazole, rabeprazole, and lansoprazole
[56, 57].

9.3. The Impact of Probiotics in Eradicating H. pylori . It
is difficult to develop new effective antibiotics to eradicate
H. pylori, so it is necessary to find alternative methods to
improve eradication rate and compliance in first-line ther-
apy. So many studies have tried new treatment approaches
by using probiotics. Several studies have previously reported
that certain probiotics exhibit inhibitory activity against
H. pylori in vitro and in vivo [58, 59]. Earlier studies
demonstrated that standard triple therapy plus probiotics
showed better eradication rate than standard triple therapy
only [60–62]. So probiotics become a promising adjunct for
H. pylori eradication therapy because they could increase
compliance by increasing tolerability and preventing side
effects [63–66]. The possible mechanisms of probiotics
in eradicating H. pylori include production of inhibitory
substance, host immune modulation or competition for
adhesion [64, 67, 68]. But improvement of eradication rate
is not always found in every regimen. One study revealed
that levofloxacin-based sequential therapy and levofloxacin
based triple therapy were significantly superior to standard
triple therapy plus probiotic (PP/ITT analysis: 95.5/95.5%,
89.1/86.3%, and 77.1/72.4%, resp.) [69, 70].

In previous studies, Saccharomyces boulardii and Lac-
tobacillus supp. are the most common probiotics used in
clinical trials. Several meta-analysis studies showed that
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standard triple therapy accompanied with the Saccharomyces
boulardii or Lactobacillus supp. could increase eradication
rates and decrease therapy-related side effects, especially
diarrhea and taste disturbance [71–74].

In summary, the exactly mechanism of probiotics is
largely unknown and further research is greatly needed. The
restoration of the normal flora in the intestine might be
important in patients receiving triple therapy for H. pylori
eradication.

9.4. Patients with Penicillin Allergy. Drug allergy to penicillin
is also an important factor influencing regimen chosen. In
H. pylori infected patients allergic to penicillin, the previ-
ously recommended first-line treatment with omeprazole-
clarithromycin-metronidazole has low efficacy for curing
the infection. So other regimens which include bismuth-
containing, non-bismuth-conatining quadruple therapies or
levofloxacin-based triple therapy should be taken into con-
sideration. These regimens showed better and acceptable
eradication outcomes [75]. So it is reasonable to choose
quadruple therapy or levofloxacin-based triple therapy for
patients allergic to penicillin.

9.5. Smoking. Smoking might cause failure of H. pylori
eradication therapy. One meta-analysis of 5538 patients in
2006 revealed that the summary OR for eradication failure
among smokers relative to nonsmokers was 1.95 (95% CI:
1.55–2.45; P < 0.01). It also showed a better eradication rate
of 8.4% (95% CI: 3.3–13.5%; P < 0.01) in nonsmokers [13].

10. Conclusion

First-line therapies of H. pylori infection are facing a
challenge because of increasing treatment failure. The paper
reviews several new treatment strategies with the inten-
tion to overcome antibiotic resistance (Table 1). Alternative
first-line therapies include bismuth-containing quadruple
therapy, sequential therapy, concomitant quadruple therapy,
and hybrid therapy. Levofloxacin-based therapies showed
impressive efficacy, but they might be employed as res-
cue treatment except in areas with high clarithromycin
resistance. Antimicrobial resistance is very important to
clarithromycin-containing therapies because of their impact
on clinical outcome and high prevalence. Antimicrobial
resistance is not important for the other groups of antibiotics
(amoxicillin, tetracycline) because of the low prevalence.
However, it is not practical to perform culturing before first-
line therapy. The impact of CYP2C19 polymorphism on
eradication should be also taken into consideration. The
following recommendations are important. (1) Clinicians
should know the local resistance rates. (2) In areas with low
clarithromycin resistance rates, standard triple therapy
should be the primary choice, while bismuth-containing
quadruple, sequential therapy and concomitant therapy
could be alternative first-line therapies. (3) In areas with
high clarithromycin resistance, regimens including bismuth-
containing quadruple, sequential therapy, and concomitant
should be the better choice for first-line regimens. In

summary, H. pylori infection is a common and serious infec-
tion, and we should prescribe the first-line regimens more
carefully and empirically. Clinicians should use antibiotics
according to local reports.
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Helicobacter pylori is recognized by the World Health Organization to be the primary cause of peptic ulcers, chronic gastritis, and
stomach cancer, though the source of human infection is not well understood. One of the problems in understanding the source of
human contamination is the difficulty in isolating the organism from the environment. However, the combination of PCR results
with those of culturing of 471 drinking water samples can provide a more accurate picture of H. pylori detection. In this method
78 presumptive H. pylori colonies out of 266 tap water samples were obtained in the preliminary detection on modified Columbia
agar (MCUA) slant relying on urease positivity with a rate of 29.3%. However, only 11 out of them were confirmed by Gram
staining and biochemical tests reducing the rate to 4.13% whereas only 3 (1.46%) from 205 reverse osmosis (RO) water samples.
Furthermore, only 6 (54.5%) out of the 11 isolates from tap water and 1 (33.3%) of the 3 RO isolates were confirmed by 16SrRNA
PCR. Thus PCR confirmation reduced the rate to 2.2%. In addition, only 4 (4%) of 100 tap water samples negative for H. pylori by
culture method were H. pylori positive by 16SrRNA. Water samples were collected from 24 districts of Basrah Governorate from
February–December 2009. The direct recovery of H. pylori from drinking water is both alarming and scientifically exciting in terms
of the investigation of its epidemiology.

1. Introduction

Helicobacter pylori is recognized as the major cause of gastri-
tis and peptic ulcer and gastric mucosa-associated lymphoid
tissue (MALT) gastric lymphoma [1]. The mechanism of H.
pylori pathogenic effect is unclear but is believed to be related
to host bacterial interactions initiated by virulence genes, and
it is possible that these effects are enhanced by invasiveness
of the bacterium [2–5]. H. pylori changes from the normal
spiral-shaped bacillary form into the coccoid form when
it is exposed to water or to other adverse conditions [6].
Hence attempts have been made to develop artificial media
to achieve better culture recovery results than those obtained
from traditional Columbia blood agar [7, 8]. Polymerase
chain reaction (PCR) methods have also been used to detect
H. pylori as its 16SrRNA gene sequence analysis unambigu-
ously differentiated the Helicobacter genus from the closely
related Campylobacter genus and other Helicobacter species

[9]. The presence of H. pylori in drinking water which was
detected by PCR has been reported from several countries
[10–12]. Hegarty et al. [13] also demonstrated the presence
of respiring H. pylori from US surface water. The prevalence
of disease attributed to H. pylori in Iraq is not available
despite of its commonality.

Basrah Governorate, where Basrah city is located, has a
population of about three millions; its water supply is mainly
derived from three sources, Shatt-Al-Arab River, Tigris River,
and Bada lake. Water from these sources is treated at 22
treatment works and distributed through approximately
13,000 Km pipe network.

Since the 1980s there has been a general marked deterio-
ration in water quality in Iraq, reflecting the environmental
degradation of the country caused by successive armed
conflicts.

The aim of this study was isolating H. pylori from
drinking water in Basrah, Iraq, on modified Columbia urea
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agar (MCUA) and HP media using MDCS method [7] and
then confirming that by conventional biochemical tests and
16SrRNA PCR.

2. Methods

2.1. Sample Collection and Culturing. 266 samples of tap
water and 205 samples from tankers supplying Reverse
osmosis (RO) were collected from 24 districts covering more
than 90% of Basrah Governorate during the period from
February 2008 to December 2009. Samples of 500 mL water
each were collected in sterile glass flasks and examined
for chlorine concentration using o-toluidine. Samples were
transferred within 1-2 hr. to the laboratory and filtered
through 0.22 µm Millipore filter membrane. Each membrane
was then immersed into 2 mL of tryptic soy broth (TSB)
for 1 h. After that each 2 mL TSB was taken and placed at
the lower portion of the slanted MCUA tube. Each tube
was tilted a few times to allow the added broth to spread
bacteria on the upper part of the slant. Slanted MCUA
tube, was incubated microaerophically at 37◦C for 1-2 days,
after which color changes from orange to pink in the solid
phase, indicating urease activity. The resulting system is
a simple monophasic-diphasic culture setup (MDCS), a
diphasic solid liquid environment at the lower part of the
test tube and a monophasic solid one above it [7]. From the
bottom and the upper portions of the slanted MCUA tube
subcultures were done on plates of MCUA and HP media for
purification.

No controls were used in the isolation of the strains and
also in PCR as they are out of reach for us in Iraq.

2.2. Primary Diagnosis of H. pylori. The suspected purified
colonies were chosen according to the Gram staining and
cultural characteristics.

2.3. Biochemical Tests. Biochemical tests include production
of catalase, oxidase, urease, and H2S, nitrate reduction,
growing in 3.5% NaCl, growing with 1% glycine, and
growing at different temperatures.

2.4. Antibiotic Sensitivity Test. The method of Piddock [14]
was used to test the sensitivity of 14 isolates of H. pylori
from drinking water to seven types of antibiotics, kanamycin
30 µg, erythromycin 15 µg, tetracycline 30 mg, ampicillin
10 µg, rifampicin 5 µg, amoxicillin 30 µg and gentamycin
30 µg (Bioanalyse, Turkey).

2.5. 16SrRNA Identification of Isolates. All isolates from
tap and RO water samples which gave positive results by
biochemical tests as H. pylori and (100) samples which were
H. pylori negative by culture method were further confirmed
by using primers specifically designed for the identification
of H. pylori based on 16SrRNA sequence [15]. The primers
for 500 bp product of the 16SrRNA sequence are represented
by the forward primer sequence: 5 GCT AAG AGA TCA GCC
TAT GTC C3 and the reverse one: 5 TGG CAA TCA GCG
TCA GGT AAT G3.

2.6. Preparation of Bacterial Genomic DNA. Genomic DNA
from each isolate was prepared by vortex after suspending
a loopful of colonies in 1 mL of phosphated-buffer saline
(PBS) 7.6, centrifuging at 14000×g for 2 min, and boiling
the pellet in 1 mL of distilled water for 1 min [16]. The
samples were then centrifuged at 12000×g for 4 min at 4◦C
and the supernatants were stored in sterile vials at −70◦C
until they were used as PCR templates. Genomic DNA from
water samples, which have been cultured but did not give
isolates for H. pylori, were prepared by centrifuging 1 mL
of the liquid portion of slant MCUA tube at 14000×g for
2 min and washed with 1 mL of PBS to be completed by the
same steps for H. pylori isolates. Concentration and purity
were measured spectrophotometrically at OD260 and OD280

respectively, to exclude any possible contamination, and a gel
of 0.8% agarose was used for electrophoresis.

2.7. PCR Amplification of 16SrRNA for H. pylori. Ampli-
fication was carried out in a 25 µL of reaction mixture
containing 12.5 µL master mix, 0.5 µL forward primer, 0.5 µL
reverse primer, 5 µL DNA samples, 6.5 µL distilled water and
25 µL mineral oil. PCR conditions for 16SrRNA include:
denaturation step at 95◦C for 5 min, followed by 39 cycles at
94◦C for 1 min, annealing at 55◦C for 1 min and extension at
72◦C for 2 min, and an additional extension step at 72◦C for
7 min. PCR products were electrophoresed in 2% agarose.

2.8. ureA Gene for H. pylori and PCR Amplification. All
isolates which were confirmed by 16SrRNA have been tested
for the presence of the ureA gene of H. pylori. The primer
for 411 bp product of the ureA sequence represented by
the forward primer sequence: 5 GCC AAT GGT AAA GCC
TTA GTT3 and the reverse one: 5 CTC CTT AAT TGT
TTT TAC 3 [17]. Amplification was carried out in a 25 µL
of reaction mixture containing 12.5 µL master mix, 0.5 µL
forward primer, 0.5 µL reverse primer, 5 µL DNA samples,
6.5 µL distilled water and 25 µL mineral oil. PCR conditions
for ureA gene include: denaturation step at 95◦C for 5 min,
followed by 35 cycles at 94◦C for 1 min, annealing at
45◦C for. 1 min and, extension at 72◦C for 1 min and an
additional extension step at 72◦C for 7 min. PCR products
were electrophoresed in 2% agarose.

3. Results

3.1. Culture Results. Out of 471 water samples, 14 (2.76%)
isolates of H. pylori were isolated from samples taken from
14 districts by culture method and identified by biochemical
tests. They consist of 11 (4.13%) H. pylori that have been
isolated and diagnosed from 266 samples of tap water and
3 ones (1.46%) from 205 RO samples.

The modified Columbia urea agar using MDCS method
preliminarily revealed the presence of H. pylori in water
samples, correlated with the change in the color of the slant
MCUA tube from orange to pink that occurred at the same
time thus giving an additional evidence for the presence of
H. pylori in the samples (Figure 1).
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Table 1: Results of biochemical tests characterizing H. pylori isolates from 14 districts.

District no Catalase Oxidase Urease
Nitrate

reduction
H2S

Growth with
3.5% NaCl

Growth on 1%
glycin

Growth at
42◦C

Growth at
25◦C

1 + + + − − − − − −
2 + + + − − − − + −
3 + + + + − − − − −
4 + + + − − − − − −
5 + + + − − − − + −
6 + + + + − − − − −
7 + + + − − − − − −
8 + + + − − − − − −
9 + + + − − − − − −
10 + + + − − − − − −
11 + + + + − − − − −
12 + + + − − − − − −
13 + + + − − − − − −
14 + + + − − − − − −

(a) (b) (c)

Figure 1: Change in color of slant MCUA tube, (a) slant MCUA
tube only, (b) positive slant MCUA tube, culture, (c) negative slant
MCUA tube, culture.

The isolation rate upon subculturing on HP medium
was 14/471 (2.76%) isolates of H. pylori, while on MCUA
medium was 6/471 (1.2%) isolates included in the 14 isolates
of H. pylori.

On MCUA medium, the colonies of the isolated H. pylori
were small to middle in size, rounded, and creamy in color,
while, on HP medium, the isolated H. pylori were small in
size, rounded, and transparent. Both the MCUA and HP
media showed change in color from yellow/orange to red.

All H. pylori isolates were Gram-negative spiral to
coccobacilli and shared the characteristic catalase, urease,
and oxidase production, but differ slightly with respect to
other tests (Table 1). Collectively, 3 isolates are being positive
in nitrate reduction, 2 in being able to grow at 42◦C, and 9
negatives in both traits.

3.2. Antibiotics Susceptibility. For H. pylori isolates from
drinking water, tetracycline was found to be the most

Ampicillin

Erythromycin
Gentamycin

Rifampin

Tetracycline
Amoxicillin

Kanamycin

Figure 2: Antibiotic effects on H. pylori isolated from drinking
water.

effective antibiotic, 71% of the tested isolates were sensitive
to tetracycline followed by kanamycin 57% and gentamycin
36%, ampicillin 14%. Rifampicin and amoxicillin were
shown to be the least effective ones (7%) against H. pylori
isolated from drinking water,while erythromycin was a non
effective antibiotic, as shown in (Figure 2) and in reference to
interpretive chart of zone sizes.

3.3. PCR Results. Only 6 out of 11 (54.5%) H. pylori
morphologically and biochemically identified isolates from
tap water were found to harbor 16SrRNA gene and of
the 3 R.O isolates only one (33.3%) isolate gave positive
results for 16SrRNA gene by PCR. Thus leaving out 50% of
the conventionally identified isolates as false positive. From
the100 samples negative for H. pylori by culturing, only 4
(4%), gave positive results for 16SrRNA.

PCR products for 16SrRNA based primers gave bands
on agarose gel corresponding to a 500 base pair product
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Figure 3: PCR products for 16SrRNA-based primers gave band
on agarose gel corresponding to a 500 base pair product when
compared to the molecular ladder. Lane 1, molecular ladder (1500–
100) bp, lane (2–6) bands of PCR products for H. pylori with
16SrRNA.

when compared to the molecular ladder, thus identifying the
isolates as H. pylori as shown in (Figure 3).

3.4. ureA Gene for H. pylori and PCR Amplification. All
isolates of H. pylori which have been confirmed by 16SrRNA,
did not give specific results to ureA (Figure 4), only products
of 100 bp have been obtained and also a much larger bands.

4. Discussion

Natural habitat of H. pylori is in the human stomach,
other sources of H. pylori and its mode of transmission are
unknown [18]. In this study, H. pylori has been isolated
and diagnosed from drinking water by culture method
and a combination of biochemical and PCR test. The first
indication for the presence of H. pylori in water came from
AL-Sulami et al. [8] in which 10 isolates were identified as H.
pylori by biochemical tests. That finding has been confirmed
by current study using the same method and a combination
of conventional and PCR tests in identifying recovered H.
pylori.

A low recovery of a pathogen is not surprising consid-
ering various factors affecting its survival in water. Upon
primary, isolation there were 78 urease-positive isolates
obtained from 266 tap water samples and 43 urease-positive
ones from RO water samples. The numbers were reduced
to 11 and 3 isolates, respectively, after subjecting them to
conventional tests leaving 67 and 40 false-positive ones.
Urease-negative isolates were not considered. Other bacteria
were mainly pseudomonads.

So far there is no published paper proving the viability of
coccoid form or the possibility that coccoid form transforms
to spiral bacillary form. Our results indicate that some H.
pylori are still viable and appear as spiral bacillary after Gram
staining smears from colonies on MCUA; others are not and
only can be detected by PCR.

Based on the assumption that all H. pylori in drinking
water are coccoid [6], the results implicitly indicate the

500
400

Figure 4: PCR product for H. pylori with ureA gene based primers.
Lane 1, molecular ladder (1500–100) bp, no band of PCR product
for H. pylori with ureA gene have been obtained.

possibility of the transformation of some coccoid form to
spiral bacillary form.

It is difficult to compare our data with those published,
because each author has used a distinct method to detect
the bacterium, and all attempts to culture the organism
directly from water samples [18, 19] have been unsuccessful.
This may be due to the fact that overgrowth by other
microorganisms on the rich media led to the difficulty of
isolation of H. pylori from water, and another reason for the
lack of recovery of H. pylori from the environment is the
fastidious nature of H. pylori which has a polymorphisms
phenomenon. Under these circumstances, the organism
would not be recovered by traditional culture techniques;
hence in our study we developed a different protocol for
culturing H. pylori from water. The importance of this
method is to provide a possibility of successful culture
method for H. pylori.

In general, high-resistance profile to the tested antibiotics
is apparent on these isolates as indicated by H. pylori
resistance for tetracycline in 29% of the isolates, also in
case of kanamycin H. pylori resistance of 43% which is less
than Al-Sulami et al. [8] result of 60%. Amoxicillin which
represents active antibiotics in treatment of this bacterium
was ineffective with a resistance in 93% of the isolates.

4.1. 16SrRNA for H. pylori Detection by PCR. In this study,
this is the first report on using 16SrRNA amplification
and confirmation of H. pylori isolates from environmental
samples in Iraq. The 16SrRNA was chosen for detection
of H. pylori because it exhibits a high degree of functional
and evolutionary homology within all bacteria [9]. Only
7 isolates, out of 14 morphologically and biochemically
identified H. pylori, were confirmed by 16SrRNA as they
gave positive results for 16SrRNA. The prevalence of false
positive isolates by conventional tests indicates a nonspecific
approach. Meanwhile, in 100 drinking water samples in
which no H. pylori was detected by culture method, 4 samples
produced positive results by 16SrRNA. This means that
cells of H. pylori that are not detected by culture method
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can be done by PCR, and hence, the MDCS provides the
opportunity for simultaneous detection of both culturable
and nonculturable forms.

Results of PCR products of 16SrRNA gene amplification
revealed the presence of 500 base pair sequence of the gene
coded the 16SrRNA molecule, and this result agrees with
that of [15]. The size of PCR product was determined by
comparing it with a DNA ladder, which contains DNA
fragments of known size (1500–100) base pairs. Our results
may shed additional light on the evidence supporting water-
borne transmission which emanates from the fact that there
is a direct recovery of H. pylori from tap water and R.O water
concomitantly confirmed by PCR.

4.2. ureA Gene for H. pylori Detection by PCR. The ureA
genotype was expected to be present in all Helicobacter
positive strains. However, our study was unable to detect the
ureA gene in the isolates of H. pylori already confirmed by
16SrRNA. This result agrees with Tiveljung et al. [20] who
used ureA gene and were unable to detect it in H. pylori strain
regarded as normal control.

Conclusion

The isolation of H. pylori from drinking water, tap and
R.O, by culture method and consequent identification by
biochemical tests and PCR represents a clear signal for the
presence of this dangerous but illusive pathogen in our
consumable water. It, certainly, will impact our search for
a better epidemiological understanding and measures of
control.
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With the rising prevalence of antimicrobial resistance, the eradication rates of Helicobacter pylori (H. pylori) with standard treat-
ments are decreasing to unacceptable levels (i.e., ≤80%) in most countries. After these disappointing results, several authorities
have proposed that infection with H. pylori should be approached and treated as any other bacterial infectious disease. This impli-
cates that clinicians should prescribe empirical treatments yielding a per protocol eradication of at least 90%. In recent years several
treatments producing ≥90% cure rates have been proposed including sequential therapy, concomitant quadruple therapy, hybrid
(dual-concomitant) therapy, and bismuth-containing quadruple therapy. These treatments are likely to represent the recom-
mended first-line treatments in the near future. In the present paper, we are considering a series of critical issues regarding currently
available means and approaches for the management of H. pylori infection. Clinical needs and realistic endpoints are taken into
account. Furthermore, emerging strategies for the eradication of H. pylori and the existing evidence of their clinical validation and
widespread applicability are discussed.

1. Introduction

Infection with Helicobacter pylori (H. pylori) is a global health
problem affecting 20–50% of the western world’s population
and up to 80% of the population in developing countries [1,
2]. Presence of H. pylori is known to be associated with a wide
range of gastrointestinal disorders including peptic ulcer,
gastric carcinoma, and mucosa-associated tissue lymphoma,
and, thus, ability to reliably eradicate the pathogen is impor-
tant for managing these diseases [3–6]. Several factors are
making infection with H. pylori so challenging to treat. These
factors include (a) the development of H. pylori resistance to
antibiotics, (b) the large number of bacteria in the stomach,
producing an “inoculum” effect, (c) the protection of the
thick gastric mucus gel layer, and (d) the intracellular (and
thus inaccessible to antibiotics) location of many bacteria
[7–9]. Other factors including presence of multiple strain
infection and individual factors such as patient’s compliance

to treatment, age less than 60, the type of gastritis, and
presence of nonulcer dyspepsia, where the eradication rates
are lower in comparison with peptic ulcer disease, have been
also linked to therapy efficacy [10, 11]. Educating the patient
on the importance to take the medication as prescribed,
warning in advance on the possibility of adverse events, and
therefore obtain the maximum in terms of compliance to
treatment poses a major clinical challenge to practicing phy-
sicians.

Historically, a wide spectrum of antimicrobial agents
have been shown to be effective against H. pylori and suc-
cessfully used in clinical practice. Most commonly are
clarithromycin, amoxicillin, metronidazole, tinidazole, tetra-
cycline, and the fluoroquinolones. As experience in treating
the infection was gained, these drugs (and with the addition
of an antisecretory agent or bismuth) have been used in dif-
ferent combinations, and developed regimens have been
tailored in various parameters (dosage, dosing intervals,
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duration of treatment) in order to provide the best outcome
in terms of efficacy and tolerability. However, despite the
continuous efforts made by the digestive disease community
(and not by experts in infectious diseases), the optimal
empirical treatment remains to be discovered.

In the present paper we are considering a series of critical
issues regarding currently available means and approaches
for the management of H. pylori infection. Realistic needs are
taken into account with particular attention to crucial aspects
for clinical practice and the importance for posttreatment
testing for cure. Furthermore, emerging strategies for the
eradication of H. pylori and the existing evidence of their
clinical validation and applicability are discussed.

2. Empirical Triple Therapies:
A Declining Clinical Standard

More than a decade ago, recommended therapies comprising
of a proton pump inhibitor (PPI), amoxicillin, and clar-
ithromycin (standard triple therapies) yielded high efficacy,
providing eradication rates comparable to those expected
for other prevalent bacterial infections such as respiratory
and urinary tract infections, gonorrhea, and tuberculosis
[12, 13]. Unfortunately, in successive years the eradication
rates have fallen considerably with these regimens, in some
countries to unacceptably low levels (<80% or even <70%),
mainly because of the increasing prevalence of resistance to
clarithromycin [8, 14, 15]. The widespread use of clarith-
romycin for infectious diseases other than H. pylori infection
represents the main reason for the increasing development of
resistance to this antibiotic; this explains the lower prevalence
of clarithromycin resistance in Northern (versus Southern)
European countries where policy for antibiotic use is more
stringent [16]. The progressive decline in the efficacy of
first-line treatments was already evident in the first meta-
analyses published by the early 2000s and indirectly outlined
by the European consensus recommendations (Maastricht
2000 and 2005), initially with the adoption of a “cumulative”
approach to treat H. pylori, which introduced first- and
second-line therapies, and later by the definition of a local/
regional threshold of resistance to clarithromycin (15–20%),
at which the antibiotic should not be used if culture was
not previously performed to assess susceptibility [17–20].
In such cases, a bismuth-containing quadruple therapy
(comprising of PPI, bismuth, metronidazole, and tetracy-
cline) is recommended as an alternative empirical treatment,
although its efficacy does not seem to exceed that of standard
regimen according to some studies and a recent meta-
analysis [21–23]. Furthermore, the threshold of resistance to
clarithromycin at which triple regimens lose their efficacy
seems to be substantially lower than 15–20% and may be
10% or even less [24].

Currently, standard triple therapy still remains the most
widely recommended first-line treatment option worldwide
and even in countries where improved alternative therapeu-
tic options have been developed and sufficiently validated in
a clinical setting [25–27]. The situation is similar in Greece:
triple therapies represent the backbone of routine clinical

practice but their performance is steadily declining during
the past 10 years [28–31], in parallel with an increase in the
incidence of clarithromycin resistance, reportedly from 6%
to 26% [32–34].

To be fair, the cumulative efficacy of first and second-
line treatments proposed by Maastricht 3, together with
sensitivity-directed (re)treatment or administration of 3rd
and 4th line rescue therapies (based on levofloxacin and
rifampicin, resp.), is nearly approaching 100% [31, 35, 36].
However, for this goal to be achievable, patients must be
highly compliant with repeated treatment courses. Necessity
to use second-line therapies accounts for 20–30% of patients
infected with H. pylori (intention to treat (ITT) analysis);
even second-line therapy is not enough to eradicate the
pathogen in 5–10% of cases [31, 37]. These rates are likely
to increase further, as antimicrobial resistance becomes
more prevalent worldwide. In that setting, patients may be
required to complete more than one (and sometimes 3 or 4)
complex treatment courses and therefore be exposed to a
significant range of potential side effects which can virtually
affect adherence and compromise their quality of life.

Use of an effective first-line treatment is known to pro-
vide a key advantage in the eradication of H. pylori, namely,
prevention of secondary antibiotic resistance [38]. Much
effort has been spent on improving currently recommended
treatments. However, attempts to increase the duration of
triple therapy, thus prolonging the exposure to antibiotics,
have not resulted in a substantial benefit. There is therefore a
clear need for novel therapeutic strategies.

3. A Paradigm Shift to Improved Efficacy

H. pylori is a major human pathogen which causes a seri-
ous, transmissible, infectious disease leading to significant
morbidity. However, in contrast to what is common practice
in other bacterial infections (where selection of the optimal
therapy is usually based on susceptibility testing), first-line
therapies against H. pylori are only prescribed empirically.
This implicates that new regimens should be properly
optimized (in terms of dosage, duration of treatment, dosing
intervals, and local antimicrobial resistance pattern) before
their introduction in clinical practice. Moreover, resolution
of the infection should be always confirmed, preferably by
using a noninvasive test, providing clinicians with a reliable
measure of the local drug resistance. More intuitively, opti-
mal eradication of H. pylori has to follow two golden rules:
(1) always choose the best available first-line treatment (i.e.,
the one that works best locally) and (2) always confirm the
success of therapy by posttreatment testing and retreat
patients who fail to eradicate H. pylori. Adoption of these
two rules will guarantee for patients the best chance to be
treated, with the minimum cost in terms of treatment-related
adverse events and will create a useful feedback for practicing
clinicians, which will prevent them from prescribing locally
unacceptable regimens.

Current approach to treatment of H. pylori infection
is challenged by the declining efficiency of standard first-
line therapies, leading to increasing need for second-line
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(or more) treatment courses. Paradoxically, since the initial
developments in the field, infection from H. pylori has been
approached by the digestive disease community (and not by
experts in infectious diseases), as any other gastrointestinal
disease (e.g., inflammatory bowel disease or irritable bowel
syndrome): in the absence of an optimal treatment, the best
available therapies are offered in sequence. On the contrary,
for most common infections, treatment success is expected to
be near 100% (i.e.,≥95%). It becomes clear that a “paradigm
shift” (i.e., a change from one way of thinking to another)
is necessary in order for the field to move forward [39].
Indeed, several authorities have proposed that infection with
H. pylori should be approached and treated as any other
bacterial infectious disease [40–42]. This implicates, as a
general rule, that clinicians should prescribe therapeutic
regimens that have a per protocol (PP) eradication rate of
at least 90% (grade B level) and probably at least 95% (grade
A level), in keeping with the existing practice in the field of
other common bacterial infectious diseases [40, 41].

Development of secondary resistance (i.e., as the result
of failed therapy) is largely responsible for the decline in
eradication rates. Owing to this conception treatment of H.
pylori infection is becoming a hit or miss process aiming to
decrease the number of eradication failures as much as pos-
sible. As stated in the present paper, infection with H. pylori
should be treated as any other infectious disease, and, thus,
ideally, a regimen should be based on pretreatment drug sus-
ceptibility testing. In spite of this, routine use of endoscopy
is not feasible and not well tolerated by all patients. More-
over, the high economic burden related to this procedure
together with the disappointing results often observed in vivo
by following in vitro susceptibility is largely limiting cost
efficacy of culture-guided therapy. On the contrary, enhance-
ment of the eradication rate to values approaching 90% by
adopting novel and possibly less expensive eradication strate-
gies seems to represent a fascinating alternative.

In recent years, promising new treatment strategies have
been proposed and largely validated in some countries and
are likely to represent the recommended first-line therapies
in the near future [42]. Emerging first-line treatments
achieving high eradication rates of 90% or more (PP
analysis) are discussed below. However, it should be noted
that eradication rates reported further in this paper may be
prone to wide geographic variability secondary to critically
important differences in the local background rates of anti-
biotic resistance. As empiric treatments are given without
antimicrobial susceptibility testing, the choice of an empiric
therapy should rely on knowledge that the combination is
successful in the local population.

4. Emerging First-Line Treatments
with a Per-Protocol Eradication Rate
Exceeding 90%

4.1. Sequential Therapy. One recent innovation postulated
as an alternative to standard triple therapy is sequential
treatment, which involves a simple dual regimen including
a PPI plus amoxicillin for the first 5 days followed by a triple

regimen including a PPI, clarithromycin and tinidazole for
the following 5 days [43]. It represents the most extensively
evaluated novel therapeutic strategy including 5 comparative
meta-analyses and one pooled data analysis reporting on its
efficacy and safety profile [43–48].

In the most recent meta-analysis of 15 randomized
studies (published until May 2009, including 3346 patients),
sequential therapy has been demonstrated to be superior to
legacy triple therapy for the eradication of H. pylori (91.7%,
95% Confidence Interval (CI): 90–93% versus 76, 7%, 95%
CI: 75–79%, ITT analysis) [43]. Interestingly, this regimen
demonstrated ITT cure rates higher than 90% (grade B),
even in countries with a high prevalence of resistance to
clarithromycin, demonstrating higher performance (ver-
sus standard triple regimen) to eradicate clarithromycin-
resistant strains [42]. In the meta-analysis by Gisbert et al.,
41 out of 55 (75%) clarithromycin-resistant strains (4 stud-
ies) were eradicated after exposure to sequential therapy
[43], although the total number with clarithromycin resis-
tance in the included studies is still low for definite conclu-
sions to be drawn. Similarly, the sequential regimen has been
suggested as superior to legacy triple therapy in patients with
metronidazole resistance [43, 48]. On the other hand, and
despite this increased efficiency (in comparison with stan-
dard therapies) against sensitive and monoresistant strains,
the performance of the sequential regimen seems to be
dramatically compromised in the presence of dual antibi-
otic resistances (clarithromycin and imidazole) [49, 50].
Although the working mechanisms of the improved efficacy
of the sequential regimen remain to be fully elucidated, some
hypotheses may be put forward. It has been speculated that
the disruption of the bacterial wall caused by amoxicillin
could prevent the development of efflux channels for clar-
ithromycin, which are known to rapidly transfer the drug out
of the bacterial cell preventing the binding to the ribosome.
However, according to another hypothesis, the improved
effect with sequential therapy may be not attributed to the
sequential administration itself; the bacteria may be simply
“fulminated” by the larger number of antibiotics (3 together)
to which the organism is exposed [51–53]. In accordance
with this last scenario, concurrent administration of the same
3 antibiotics for a longer period of 7–10 days (i.e., the con-
comitant therapy, discussed further in this paper) has been
shown to confer an acceptable eradication rate (89% by PP
analysis and 87% by ITT analysis) when prescribed in a set-
ting of high clarithromycin resistance (20%) where sequen-
tial regimen has been previously proved to be ineffective
(cure rate 76%) [54, 55]. This data may represent prelimi-
nary, although indirect, evidence that sequential administra-
tion is probably more complicated than really necessary.

Indeed, a major shortcoming for the use of the sequential
regimen is its complexity. Although adherence to treatment
was excellent in the context of clinical trials, requiring the
patient to switch from a dual to a triple therapy at midpoint
could inherently interfere with compliance, if this regimen
is prescribed in a real clinical practice setting [56–60].
Nonetheless, almost all studies proposing sequential therapy
have been conducted in Italy. Importantly, in contrast to
the initial studies showing a mean overall performance
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approaching 90%, more recent studies conducted outside
this country have shown a tendency towards lower eradi-
cation rates; in particular when dual antibiotic resistance is
present [55, 61–68]. Further validation is therefore necessary
before this regimen can be considered for widespread recom-
mendation in clinical practice.

4.2. Nonbismuth Quadruple (Concomitant) Therapy. The
concomitant regimen involves the concurrent administra-
tion of all three antibiotics used in first-line triple thera-
pies (amoxicillin, clarithromycin, and metronidazole) given
together with a PPI, all twice daily, for at least 10 days [50,
69]. This regimen is not completely novel; it has been pre-
viously evaluated with shorter durations of administration
(3–7 days), in studies published between 1998 and 2002,
allowing for high eradication rates (89–94% on ITT analysis)
[70, 71]. It reappears nowadays as a 10-day regimen leading
to eradication rates exceeding 90% on ITT analysis [50, 72].
In contrast to the sequential regimen, which has been devel-
oped and mostly evaluated in Italy, concomitant therapy has
been tested in a wider range of geographical areas (including
Japan, Germany, Colombia, Taiwan, and Greece) [42]. The
ideal duration of administration remains an issue as direct
comparisons between variable durations of treatment (e.g., 5
days versus 7 days versus 10 days) are lacking. However, one
can speculate that, due to the increased antibiotic resistance
rates, 3- and 5-day concomitant regimens may not be suitable
today [67]. Interestingly, in a pilot study, the combination
of sequential and concomitant therapies given for 14 days
(hybrid therapy, PPI and amoxicillin for 7 days followed by
PPI and all three antibiotics for another 7 days) achieved
impressively high eradication rates (99% and 97% on PP and
ITT analysis, resp.) (grade A level) [73].

In Greece, a country with high resistance rates to both
clarithromycin and metronidazole (>20% for clarithromycin
and >40% for metronidazole), concomitant therapy has been
introduced since the beginning of 2009 achieving excellent
therapeutic results with cure rates of 91.6% on ITT and
94.5% on per PP analysis (grade B) [74]. It seems that con-
comitant therapy eradicates more than 60% of double-
resistant H. pylori strains and the vast majority of sensitive
and monoresistant strains, thus preventing the emergence
of secondary resistance [75]. At the same time, means of
tolerability and safety profile are reported to be excellent and
comparable to those obtained with standard triple therapy
[74, 75].

A main advantage of the concomitant (versus sequential)
therapy may be represented by its suitability for patients with
dual resistance to antibiotics. Indeed, in a comparative study
by Wu et al., patients with resistance to both clarithromycin
and metronidazole had significantly lower eradication rates
after sequential therapy (present versus absent: 33.3% versus
95.1%; P-value < 0.0001), but not after concomitant therapy
(present versus absent: 75.0% versus 92.4%; P-value = 0.22)
[50]. However, it should be noted that this study was
conducted in Taiwan where the rate of antibiotic resistance
is very low and even standard triple therapy is currently
yielding excellent eradication rates [76]. A comparison study
conducted across a broad range of patients and with a high

prevalence of antibiotic-resistant H. pylori strains would be
therefore much appreciated in order to definitely solve the
issue of concurrent versus sequential administration; these
two emerging treatment options seem to represent the main
competitors likely to replace triple therapy in the foreseeable
future.

4.3. Bismuth-Containing Quadruple Therapy. This regimen
is mainly used as second-line treatment when legacy triple
therapy fails, but also as an alternative first-line treatment
option in regions with a high incidence of resistance to clar-
ithromycin [77]. Other than working independently from
resistance to clarithromycin, the main advantage of this
regimen is represented by the limited clinical impact of
metronidazole resistance which can be largely overcome by
increasing the dose of metronidazole and duration of treat-
ment. Considering that resistance to metronidazole in most
countries is currently exceeding 10%, the daily dose of
metronidazole prescribed should be approximately 1500 mg
(3 × 500 or 4 × 400 mg in England) in order for maximal
cure rates to be obtained.

Historically, in an early meta-analysis, first-line use of a
bismuth-containing quadruple therapy (BQT) yielded high
eradication rates (grade A or B level) [78]. These encour-
aging results have been mainly attributed to the efficacy
against metronidazole-resistant strains, which overcome
the eradication achieved with standard triple therapy over
clarithromycin-resistant strains [23, 79]. However, according
to a more recent meta-analysis, performance of both BQT
and standard regimen was suboptimal (78.3% versus 77%
on ITT analysis) [23]. In our country, BQT has been mainly
used as a second-line therapy leading to rather contradictory
results [28, 80]. In the only study where BQT has been
used as first-line treatment and compared to standard triple
therapy, both given for 10 days, results were disappointing
(eradication rates 65% versus 78% on ITT analysis), whereas
a higher incidence of adverse events was observed among
patients receiving BQT [29].

A practical issue limiting the use of BQT is the absence of
HCL tetracycline in some countries and the unavailability of
bismuth salts in some other. Substitution of tetracycline with
doxycycline or amoxicillin, in order to overcome this prob-
lem, was associated with rather disappointing results [81,
82]. On the contrary, high success rates were reported when
BQT was used in the form of one capsule containing bismuth
with both the antibiotics (metronidazole plus tetracycline).
Three of these monocapsules are given four times daily in
combination with a PPI twice daily for 10 days; this bismuth-
based triple therapy monocapsule represents a patient-
friendly formulation which is aimed to increase compliance
to treatment [83, 84]. Currently, two of these monocapsules
are available in the market, Helidac (USA) containing a lower
dose of metronidazole (1 gr instead of 1.5 gr) and Pylera
(USA and Europe) containing a lower dose of Tetracycline
(1.5 gr instead of 2 gr), as compared to the classic BQT. These
therapies seem to overcome H. pylori resistance to metron-
idazole since they achieve high eradication rates, reportedly
exceeding 90% [85–88].
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Table 1: Recommended regimens for Helicobacter pylori therapy.

Treatment Regimen

First-line treatments

Sequential therapy

A 5 d dual therapy with a PPI (standard dose, b.i.d.) and amoxicillin (1 g, b.i.d.)
followed by a 5 d triple therapy with a PPI (standard dose, b.i.d.), clarithromycin
(500 mg, b.i.d.), and metronidazole (500 mg, b.i.d.)

Concomitant therapy
A PPI (standard dose, b.i.d.), clarithromycin (500 mg, b.i.d.), amoxicillin (1 g, b.i.d.),
and metronidazole (500 mg, b.i.d.) for 7–10 d

Hybrid therapy

A 7 d dual therapy with a PPI (standard dose, b.i.d.) and amoxicillin (1 g, b.i.d.)
followed by a 7 d quadruple therapy with a PPI (standard dose, b.i.d.), amoxicillin
(1 g, b.i.d.), clarithromycin (500 mg, b.i.d.), and metronidazole (500 mg, b.i.d.)

Bismuth-containing quadruple therapy
A PPI (standard dose, b.i.d.), bismuth (standard dose, q.i.d.), tetracycline (500 mg,
q.i.d.), and metronidazole (500 mg, t.i.d.) for 10–14 d

Second-line/Salvage treatments

Levofloxacin-based triple therapy
A PPI (standard dose, b.i.d.), levofloxacin (500 mg, b.i.d.), and amoxicillin (1 g,
b.i.d.) for 10 d

Bismuth-containing quadruple therapy
A PPI (standard dose, b.i.d.), bismuth (standard dose, q.i.d.), tetracycline (500 mg,
q.i.d.), and metronidazole (500 mg, t.i.d.) for 14 d

Standard triple therapy∗
A PPI (standard dose, b.i.d.), amoxicillin (1 g, b.i.d.), and clarithromycin (500 mg,
b.i.d.) for 14 days

Levofloxacin-based sequential therapy∗∗
A 5 d dual therapy with a PPI (standard dose, b.i.d.) and amoxicillin (1 g, b.i.d.)
followed by a 5 d triple therapy with a PPI (standard dose, b.i.d.), levofloxacin
(250 mg, b.i.d.), and amoxicillin (1 g, b.i.d.)

Amoxicillin-based dual therapy (high dose)∧ A PPI (high dose, t.i.d) and Amoxicillin (1 g, t.i.d.) for 14 days

Rifabutin-based triple therapy∧
A PPI (standard dose, b.i.d.), rifabutin (150 mg b.i.d.), and amoxicillin (1 g b.i.d.)
for 14 d

Furazolidone-based quadruple therapy∧
A PPI (standard dose, b.i.d.), tripotassium dicitratobismuthate (240 mg, b.i.d.),
furazolidone (200 mg, b.i.d.), and tetracycline (1 g, b.i.d.)

∗Employed after antibiotic susceptibility testing; ∗∗regimen under evaluation; ∧regimen usually employed as third-line therapy; PPI: proton pump inhibitor.

4.4. Alternative First-Line Therapies. In recent years, some
authorities have proposed the use of levofloxacin, instead
of clarithromycin, as the main compound of first-line treat-
ments, achieving contradictory results [55, 76, 89]. Indeed,
eradication rates with the use of levofloxacin-based triple
therapy have been varying from 72% to 90% (ITT analysis),
and this regimen has been suggested as an efficient alternative
in settings of clarithromycin resistance exceeding 15%–20%
and quinolone resistance less than 10% [90]. Interestingly,
a novel levofloxacin-based sequential regimen was more
effective than the standard clarithromycin-based sequential
regimen in a setting with a high clarithromycin resistance
rate (20%) where the latter has yielded suboptimal eradica-
tion rates (<80% in ITT) [89]. However, it should be noted
that primary levofloxacin resistance in the study was very low
(3.7%), and therefore these results may be difficult to repro-
duce in geographical areas with higher rates of quinolone
resistance. Rapid development of resistance, as well as
the high incidence of adverse events, represents further
drawbacks concerning the use of levofloxacin in first-line
treatment [91–96]. For these reasons, levofloxacin-based
regimens are generally considered more suitable for use as
second-line treatments or as salvage therapies [90, 97–101].

5. Therapeutic Algorithm of H. pylori
Infection in Clinical Practice

The recommended regimens for H. pylori therapies are
summarized in Table 1. Choice of the optimal, among these
regimens, has to follow the rule of what works best locally;
this should be based on the knowledge of the local H. pylori
resistance pattern and the continuous evaluation of treat-
ment outcomes (posttreatment testing) in clinical practice
[42, 102]. For 5–10% of patients, even the emerging first-
line therapies, described in this paper, are expected to be
unsuccessful. In these cases, empiric use of a levofloxacin-
based triple therapy seems to represent a reasonable option if
local resistance to this antibiotic does not exceed 10% [102–
104]. Alternatively, a bismuth-based quadruple therapy can
be used for 14 days, since this regimen seems to overcome,
at least partially, resistance to metronidazole [105–107]. The
old dual regimen of a PPI plus amoxicillin given twice daily
(and abandoned because of low eradication rates (<50%)),
returns nowadays with the administration of higher doses of
both drugs (PPI × 3 and amoxicillin 1000 mg × 3). With the
new dosing scheme this dual regimen can be used as salvage
therapy in areas with high resistance rates to levofloxacin
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[108]. The small minority of patients (<1%) with refractory
H. pylori infection to both first- and second-line treatments
have to be referred for antibiotic susceptibility testing in
order for third-line therapies to be instituted [104, 109].
Alternatively, rifabutin-based or furazolidone-based thera-
pies can be employed for the treatment of refractory H. pylori
infection [110, 111].

Importantly, most of the aforementioned emerging first-
line therapies have not been incorporated into international
guidelines so far [25, 77], although this does not seem to
be too far away according to more recent recommendations
[112]. However, there is still work to be done in order for
these novel regimens to be sufficiently validated and there-
fore possibly recommended as first choice therapies ushering
in a new era of anti-H. pylori treatment.
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Introduction. Helicobacter pylori eradication therapy has the potential burden of antibiotic-associated gastrointestinal (GI) side
effects. The occurrence of side effects is among the major drawbacks of such regimens. GI manifestations may be related to
alterations in the intestinal microflora. Probiotics can prevent or reduce antibiotic-associated side effects and have an inhibitory
effect on H. pylori. Methods. To define the efficacy of Lactobacillus reuteri supplementation in H. pylori eradication and in
preventing GI-associated side effects during a second-line levofloxacin triple therapy. 90 H. pylori-positive patients receive for
7 days a second-line triple therapy with esomeprazole, levofloxacin, and amoxicillin with L. reuteri for 14 days (group 1) and
without probiotic supplementation (group 2). Each subject received a validated questionnaire to record symptoms everyday for 4
weeks from the start of therapy. H. pylori status and side effects were assessed 6 weeks after treatment. Results. The eradication rate
was significantly influenced by probiotic supplementation with L. reuteri (group 1: 36/45, 80%; group 2: 28/45 62%; P < 0.05).
The incidence of nausea and diarrhoea in group 1 was significantly lower than that in group 2. Conclusion. In H. pylori-positive
subjects L. reuteri supplementation increases the eradication rate while reducing the incidence of the most common side effects
associated with antibiotic therapy in second-line treatment.

1. Introduction

Helicobacter pylori (H. pylori), a microaerophilic, gram
negative bacterium that colonises the mucous layer of the
gastric epithelium, is the causative agent of type B gastritis,
peptic ulcer, gastric cancer [1–3], and extradigestive diseases
[4]. At least one-third of the world’s population is infected
with H. pylori. The standard treatment recommended for
H. pylori eradication is a combination of proton-pump
inhibitor (PPI) or ranitidine bismuth citrate, clarithromycin,
and either amoxicillin or nitroimidazole. These regimens
have been able to achieve eradication rates ranging from
65% to 90%; however they have the disadvantage of being
expensive and cause side effects which require the withdrawal
of therapy and antibiotic resistance can be developed [5].

According to Maastricht III consensus the second-line
treatment should be bismuth-based quadruple therapy (if

available), PPI plus amoxicillin, tetracycline or metronida-
zole [6]. Our group report in 2009 a levofloxacin-based triple
therapy as a valid alternative [7].

2 papers have shown also the superiority of levofloxacin
triple over bismuth quadruple therapy [8, 9].

As regards antibiotic resistance rate a high resistance
versus metronidazole and clarithromycin was reported in our
country.

An interesting paper by Romano et al. report a high
eradication rate with levofloxacin versus clarithromycin and
the success depends at least in part on the very low prevalence
in levofloxacin-resistant H. pylori strains in our population
(3%) [10].

Antibiotic-associated gastrointestinal side effects such as
diarrhoea, nausea, vomiting, bloating, and abdominal pain
can represent a serious drawback to anti-H. pylori therapies.
These manifestations have been related to quantitative and
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qualitative changes in the intestinal microflora because of
unabsorbed or secreted antibiotics in the intestinal content,
with a resulting reduction in normal saprophytic flora, over-
growth and persistence of potentially pathogenic antibiotic-
resistant indigenous strains [11].

At present, treatment failure is a significant problem
in clinical practice, and the possibility to use simpler
eradication schemes or new drugs should be regarded as the
most promising way to improve the efficacy of eradication
therapy. Some papers showed that the use of probiotics
during the first-line H. pylori therapy improved the patients
compliance and reduced gastrointestinal symptoms [12–14].

A probiotic is defined as a living microbial species that,
on administration, can have a positive effect on bowel
microecology with improved health conditions. At present,
the most studied probiotics are lactic acid-producing bac-
teria, particularly Lactobacillus [15, 16]. Probiotics have
been proven to be useful in the treatment of several
gastrointestinal diseases such as acute infectious diarrhoea
or pouchitis [17, 18]. Moreover, as shown in several studies,
probiotics also show a direct antimicrobial effect [19]. In
particular, probiotics may compete directly with H. pylori,
possibly through the inhibition of adherence, as well as by
producing metabolites and antimicrobial molecules [20].

On this basis, the Maastricht 2–2000 Consensus Report
speculated on the role of probiotic supplementation in the
treatment of H. pylori infection [21].

The implementation of standard anti-H. pylori regimens
with probiotics could be advisable, as they are able to
improve the patient’s compliance by reducing antibiotic-
associated adverse events, thus increasing the number
of patients completing eradication therapy, resulting in
improved eradication rate [22–24]. However, the number
of patients enrolled in these trials was too small to achieve
statistically conclusive results.

Lactobacillus reuteri (L. reuteri) in one of the most
interesting lactobacillus, with some stimulating properties;
in particular, it is antibiotic resistant, improves the immune
response in the gastrointestinal tract, has a therapeutic effect
in acute diarrhoea, reduces the incidence of antibiotic-
associated side effects, and inhibits H. pylori in vitro and
in vivo [25–28]. A recent study reports that a first-line
therapy with 4-week L. reuteri supplementation is effective in
reducing H. pylori bacterial load in humans and theoretically
may help to control gastric inflammation [29].

The aim of our study was to define the efficacy of L.
reuteri supplementation in H. pylori eradication and in pre-
venting associated gastrointestinal side effects during anti-H.
pylori infection second-line levofloxacin triple therapy.

2. Methods

2.1. Patients. The study was a single-centre, prospective,
randomised, controlled study performed at the Gastroen-
terology and Internal Medicine Departments of Gemelli
Hospital of Rome, Italy.

All patients are Caucasian and came from the same geo-
graphic area.

Ninety consecutive H. pylori-positive patients were
enrolled from November 2007 to June 2008. Patients were
considered eligible to enter the study if they were between
18 and 65 years old, affected by gastric H. pylori infection as
confirmed by a 13C-urea breath test, submitted to a previous
unsuccessful anti-H. pylori antibiotic treatment. Exclusion
criteria were recent (within the previous 3 months) use
of antimicrobial agents, bismuth compounds, PPI and H2
receptor antagonists, laxatives, antidiarrheal, other probiotic
preparations, alcohol, or drug abuse. Patients with major
concomitant diseases including psychiatric disorders and
pregnant or lactating women were also excluded from the
study. All patients signed a written informed consent. The
study was approved by our Ethical Committee.

2.2. Treatment. Using a permuted block randomization
(1 : 1), 90 patients were assigned to one of the following
parallel groups.

(i) 45 patients (32 males/13 females, mean age 41.5 ±
11.7) were randomly assigned to receive a triple ther-
apy based on esomeprazole 20 mg bid, levofloxacin
500 mg bid, and amoxicillin 1 gr bid for 7 days plus L.
reuteri (1 × 108, CFU) (Reuflor Italchimici Pomezia,
Italy) t.i.d for 14 days, during eradication therapy and
1 week thereafter.

(ii) 45 patients (28 males/17 females, mean age 43.1 ±
13.3) were randomly assigned to receive the same
triple therapy without probiotics.

2.3. Side Effects. Each patient was required to complete a
validated daily diary for 2 weeks, starting from the first day
of eradication treatment. The diary contains a questionnaire
(slightly modified from De Boer et al.)[30] evaluating the
onset, intensity, and frequency of gastrointestinal side effects:
taste disturbance, epigastric pain, constipation, skin rash,
nausea, vomiting, abdominal pain, bloating, loss of appetite,
and diarrhoea. Symptom intensity was rated using a scale,
where 0, 1, 2, and 3 corresponded to absent, mild, moderate
and severe symptoms, respectively. An overall judgment
of tolerability was assessed by the patient at the end of
both the first and second weeks of treatment. Treatment
compliance was evaluated by counting the vials returned by
the subject (patients who returned <80% of empty vials were
not included in the per protocol population (PP) analysis).
Patients were adequately informed and motivated to therapy,
and strictly.

2.4. Eradication of Helicobacter pylori. H. pylori status was
controlled with the 13C urea breath test performed with
citric acid and 75 mg of 13C urea, with the eradication
control test being performed not before 6 weeks after the end
of therapy [31, 32]. A delta value higher than 3.5 units was
considered the cut-off for positivity.

2.5. Statistical Analysis. To evaluate H. pylori eradication
three variables, previously dichotomised, were analysed: L.
reuteri supplementation (Y versus N), sex (males versus
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Table 1: HP-eradication: univariate analysis.

Independent variables Subgroups analysed HP eradication rate P value

L. reuteri
supplementation

Y 36 (80%)
0.038

N 27 (60%)

Age
<42 y 33 (73.3%)

0.782
≥42 y 30 (66.7%)

Sex
Male 40 (88.9%)

0.329
Female 23 (51.1%)

Table 2: HP-eradication: multivariate analysis.

Independent variables P value Odds ratio
95% Confidence

interval

L. reuteri
supplementation

0.026 3.055 1.146–8.150

Age 0.434 1.471 0.559–3.869

Sex 0.195 0.497 0.172–1.430

females), and age (age < median age versus age ≥ median
age). A univariate analysis was performed with the chi-
squared test. The significant cut-off was set at P < 0.05.
Significant parameters with a P value less than 0.25 at
univariate analysis were entered in a multivariate logistic
regression model to identify independent predictors of H.
pylori eradication. Odds ratio (OR) to achieve H. pylori erad-
ication with 95% confidence intervals (CI) was calculated.

The statistical analysis of side effects was performed
with the chi-square univariate analysis. All variables were
dichotomised into two group: symptoms Y versus symptoms
N and moderate-severe symptoms versus negligible or not
referred symptoms. The significant cut-off was P < 0.05.

All analyses were performed using SYSTAT 12.0 for
Windows.

2.6. End Point. The primary end point of the study was to
compare the eradication rate achieved with the triple therapy
with or without L. reuteri supplementation.

The secondary end point were the patients compliance
and the occurrence of side effects in the two groups of
different treatment.

3. Results

All patients completed the study.
Forty-five patients were treated with L. reuteri supple-

mentation (group 1) and 45 patients were treated without
probiotic supplementation (group 2).

The per protocol and “intention to treat” analyses were
shown to be the same in our study, because of the absence
of drop out events. The overall patients compliance to both
eradication schemes was good, with all patients completing
the prescribed therapy.

A significantly higher eradication rate was achieved in
group 1 with 80% eradication rate (36/45), compared to 60%

(27/45) in group 2 (P: 0.038). Age (P: 0.782) and sex (P:
0.329) had no significant impact on H. pylori eradication
rate (Table 1). L. reuteri, age and sex were evaluated in a
multivariate model of statistical analysis and we found that
L. reuteri supplementation was the only predicting factor in
H. pylori eradication (P: 0.026; odds ratio: 3.055; confidence
interval: 1.146–8.150) (Table 2).

As regards the analysed side effects, taste distortion was
referred by 6 patients (13.3%) of group 1 and by 8 patients
(17.8%) of group 2 (P: 0.561); epigastric pain was reported
by 5 patients (11.1%) of group 1 and 4 patients (8.9%) of
group 2 (P: 0.725); constipation was reported by 8 patients
(17.8%) of group 1 and 11 patients (24.4%) of group 2 (P:
0.438); skin rash was observed in 4 patients (8.9%) of both
groups (P: 1.000). No patients referred moderate or severe
taste disturbance, epigastric pain, constipation and skin rash
of both groups.

Thirty patients (66.7%) of group 1 reported nausea,
19 (42.2%) of them of moderate-severe intensity, while all
patients (100%) of group 2 referred moderate-severe nausea
(P < 0.001 both in absolute terms and for moderate-
severe symptoms). No significant difference was reported for
vomiting that was referred by 17 patients (37.8%) of group
1 and 15 patients (33.3%) of group 2 (P: 0.660), with a
moderate severe score by 3 patients (6.7%) of both groups
(P: 1.000). Twenty-nine patients (64.4%) of group 1 and
31 patients (68.9%) of group 2 referred abdominal pain (P:
0.655); this symptom was reported as moderate severe by
6 patients (13.3%) of group 1 and by 12 patients (26.7%)
of group 2 (P: 0.114). Bloating was reported by 35 patients
(77.8%) of group 1 and 37 patients (82.2%) of group 2
(P: 0.598), which was of moderate-severe intensity by 12
patients (26.7%) of group 1 and 8 patients (17.8%) of group
2, respectively (P: 0.310). 36 patients (80%) of group 1 and
33 patients (73.3%) of group 2 referred loss of appetite (P:
0.455), which was of moderate-severe intensity in 11 patients
(24.4%) and 15 patients (33.3%), respectively, (P: 0.352).
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Table 3: HP-eradication: univariate analysis of symptom regression.

Symptoms L. reuteri group No L. reuteri group P value

Nausea 32 (66.7%) 45 (100%) <0.001

Moderate-severe nausea 19 (42.2%) 45 (100%) <0.001

Abdominal pain 29 (64.4%) 31 (68.9%) 0.655

Moderate-severe abdominal pain 6 (13.3%) 12 (26.7%) 0.114

Diarrhoea 10 (22.2%) 26 (57.7%) <0.004

Moderate-severe diarrhoea 4 (10%) 15 (57.6%) <0.001

Bloating 35 (77.7%) 37 (82.2%) 0.598

Moderate-severe bloating 12 (26.7%) 8 (17.8%) 0.310

Loss of appetite 36 (80%) 33 (73.3%) 0.455

Moderate-severe loss of appetite 11 (24.4%) 15 (33.3%) 0.352

Vomiting 17 (37.8%) 15 (33.3%) 0.660

Moderate-severe vomiting 3 (6.7%) 3 (6.7%) 1.000

Epigastric pain 5 (11.1%) 4 (8.9%) 0.725

Taste disturbance 6 (13.3%) 8 (17.8%) 0.561

Skin rash 4 (8.9%) 4 (8.9%) 1.000

Constipation 8 (17.8%) 11 (24.4%) 0.438

Diarrhoea was reported by 10 (22.2%) patients of group 1
and 26 (57.7%) of group 2 (P: 0.004); it was moderate-severe
in 4 patients (40.0%) and in 15 patients (57.6%), respectively
(P: 0.001) (Table 3).

4. Discussion

In the present randomised controlled study we have shown
that patients treated with L. reuteri during a levofloxacin-
based second-line H. pylori therapy experienced a lower
incidence of nausea and diarrhoea compared to subjects
without probiotic supplementation and with a higher eradi-
cation rate. Probiotics may act in a different way: by direct
competition with H. pylori or by improving the patients
compliance to therapy reducing the incidence of antibiotic-
associated side effects [33–35]. The direct effect against H.
pylori is supported only by animal and in vitro studies
while several others have confirmed that probiotics indirectly
improve eradication rate with reduced incidence of side
effects and improved patients compliance [36–38].

Currently, the best studied probiotics are the lactic acid
bacteria, in particular Lactobacillus and Bifidobacterium [39–
43]. In our study we have used L. reuteri ATCC 55730 because
previous clinical trials have shown that its administration is
safe in both adults and children, reducing the incidence and
severity of gastrointestinal side effects; moreover it is bile and
acid resistant, adheres to the mucosa and to enterocytes and
inhibits H. pylori growth in vitro and vivo [44, 45].

Previous studies reported that L. reuteri has the cell
surface protein that inhibits in vitro the binding of H. pylori
to receptor glycolipids (asialo-GM1 and sulfatide) [19]. To
confirm this data Canducci et al. [26] have recently published
a randomised placebo-controlled study and have shown an
inhibitory effect of L. reuteri on H. pylori growth with a
significant decrease in both 13C-UBT and H. pylori. Thus,

L. reuteri seems to exert a beneficial effect during H. pylori
infection resulting in a reduction of bacterial load and
gastric inflammation. In the literature, many clinical trials
are reported on the use of single or multiple probiotic strains
administered for H. pylori treatment. Unfortunately, it is
hard to compare these trials because of different randomi-
sation, probiotic administration, doses, and concomitant
therapy.

The second aim of our study was to assess whether L.
reuteri could be of help in ameliorating symptoms during H.
pylori triple therapy. We have shown that patients receiving
the probiotic experienced a significant improvement of
some gastrointestinal symptoms compared to those without
probiotic supplementation.

In particular symptoms with a lower incidence in group
1 treated with L. reuteri were diarrhoea and nausea. Previous
studies have shown that oral probiotic treatments during
first-line anti-H. pylori regimens were able to reduce the
incidence of diarrhoea, nausea and taste disturbance. It is
well known that antibiotic-associated side effects are com-
mon and are usually the first cause of therapy withdrawal. In
fact, antibacterial drugs, can alter the equilibrium between
bacterial concentration and colonic mucosal cells, causing a
prevalence of pathogens over the normal microflora. Pro-
biotic supplementation may partially restore the intestinal
physiological microecology [46–48].

A Cochrane analysis showed that antibiotics alter the
microbial balance within the gastrointestinal tract and probi-
otics [49]. In particular, Lactobacillus spp. and Saccharomyces
boulardii can prevent antibiotic-associated diarrhoea by
restoring the gut microflora [42–51].

A recently published paper has shown that L. reuteri is
effective in reducing gastrointestinal symptoms during H.
pylori eradication therapy in children [29–33].

A meta-analysis on the effects of probiotic supplementa-
tion on eradication rates and adverse events during H. pylori
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eradication therapy suggests that probiotics are effective in
increasing the eradication rate and can be considered helpful
for patients with eradication failure [52]. However, there
are only two trials which confirm this conclusion: this is
the reason why to confirm this result; we have designed a
randomised controlled trial in a large population.

A major drawback of our study is the lack of a double-
blind controlled design; so the difference in side effects needs
to be judged with caution.

Our study is the first that has evaluated the admin-
istration of L. reuteri in levofloxacin second-line therapy.
It is well known that a second-line therapy results in
success rates from less than 60% to 90% with the most
relevant determinant of success being microbial sensitivity
and patients compliance.

In summary, we confirm that L. reuteri supplementation
during a second-line H. pylori therapy is recommended first
of all for a better eradication rate and second for reduced
gastrointestinal side effects. Although this pilot study opens
new areas of investigation, further studies on a larger number
of patients are required to define its real clinical application.
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Background. An increasing resistance of Helicobacter pylori strains to antimicrobial agents is the serious therapeutic problem.
The aim of this study was to compare the primary and secondary resistance of H. pylori strains isolated between 2006–2008 (data
published) and 2009–2011 to clarithromycin and levofloxacin. Material and Methods. 220 dyspeptic patients (153 before treatment,
67 after), were enrolled in the study. 51 H. pylori strains were isolated. MIC values of clarithromycin and levofloxacin were deter-
mined by the E-test method. The statistical analysis was conducted with the χ2 test with Yates correction at the 0.05 significance
level (P ≤ 0.05). Results. Between 2006 and 2008, 34% (39/115) of H. pylori strains were resistant to clarithromycin (primary 21%
(19/90), secondary 80% (20/25)). 5% (6/115) of strains were resistant to levofloxacin (primary 2% (2/90), secondary 16% ((4/25);
data published) Between 2009–2011, 22% (11/51) of H. pylori strains were resistant to clarithromycin (primary 19% (8/43),
secondary 38% (3/8)). 16% (8/51) of strains were resistant to levofloxacin (primary 12% (5/43), secondary 38% (3/8)). Conclusion.
The present study has shown the increasing amount of resistant H. pylori strains isolated from patients in Southern Poland to
levofloxacin and decreasing number of resistant strains to clarithromycin.

1. Introduction

Helicobacter pylori (H. pylori) is a Gram-negative, microae-
rophilic, and urease-positive spiral shaped bacterium, which
colonizes the gastric mucosa of 50% of the population
worldwide [1, 2]. The incidence of the infection is associated
mostly with childhood as well as socioeconomic and sanitary
conditions. Helicobacter pylori infection plays a major role in
peptic ulcer disease, low-grade mucosa-associated lymphoid
tissue (MALT) lymphoma, and gastric cancer. Thanks to the
discovery of this pathogen by Marshall and Warren in 1982,
peptic ulcer diseases are no longer chronic but can be cured
by the regimen of antibiotics and gastric antisecretory drugs
[3].

The preferred eradication therapy is triple or quadruple
therapy, which is combined therapy including three types
of drugs: antisecretory drugs, cytoprotectants, and antibi-
otics and chemotherapeutic drugs. Current guidelines from
the American College of Gastroenterology and the European
Helicobacter Study Group (EHSG) recommend a clarithro-
mycin-based triple therapy for the first 5 days (a proton
pump inhibitor (PPI) plus amoxicillin and clarithromycin)
or a bismuth quadruple therapy (a PPI plus bismuth, met-
ronidazole and tetracycline) [4, 5]. Obligatory procedures for
the management of H. pylori infection in Poland elaborated
upon by the Working Group of the Polish Society of Gas-
troenterology (PTG) are based on new guidelines from the
Third Maastricht Consensus Conference in 2005 [6].
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Current regimens of treatment H. pylori infection in
Poland are as follows.

(i) The First-Line Treatment. PPI, amoxicillin (1000 mg),
and metronidazole (500 mg) twice a day, 10–14 days,
and PPI, clarithromycin (500 mg), and metronida-
zole (500 mg) twice a day, 10–14 days, or PPI, amox-
icillin (500 mg), and clarithromycin (500 mg) twice a
day, 10–14 days.

(i) The Second-Line Treatment. PPI, amoxicillin
(1000 mg), and metronidazole (500 mg) twice a day
and tetracycline (250 mg) three times daily prolonged
to 14 days, or PPI, amoxicillin (1000 mg), and met-
ronidazole (500 mg) twice a day and bismuth salts
(120 mg) four times daily; prolonged to 14 days.

(i) The Third-Line Treatment. Evaluation of the sus-
ceptibility of the strains to the currently used anti-
microbial agents: amoxicillin, metronidazole, clar-
ithromycin, and tetracycline; possible introduction of
levofloxacin; adding a probiotic [6].

Recommendations of PTG were published in 2008 and
were the first polish recommendations which allow introduc-
tion of levofloxacin in treatment of H. pylori infection.

The increasing level of antibiotic resistance in H. pylori
strains had a drastic effect on the successful treatment [7, 8].
The most recent Maastricht guidelines recommend substi-
tuting metronidazole for clarithromycin in case where the
resistance level exceeds 15–20% [9]. However, according to
the Maastricht recommendation, if the resistance level to
metronidazole exceeds 40% and for clarithromycin 15–20%,
these antimicrobial agents should not be used or suscepti-
bility testing should be done. In addition, it recommends
local permanent monitoring of H. pylori susceptibility to
antimicrobial agents [5]. Emerging evidence indicates that
resistance rates to metronidazole could constitute the real
problem. On the other hand, some scientists believe that the
resistance might be overcome with increased doses of metro-
nidazole [10]. The rate of clarithromycin resistance is
increasing, and one of the reasons of this increase is likely
to be a greater use of clarithromycin in the treatment of res-
piratory tract infections in the community. Clarithromycin
resistance in H. pylori is associated with treatment failure,
although geographical variations were also observed [7, 11].
In Poland the resistance of H. pylori to antimicrobial drugs
used in the therapy is high and amounts to 28% to clar-
ithromycin (primary resistance 22%, secondary resistance
54%) and 46% to metronidazole (primary resistance 41%,
secondary resistance 68%) (data published by PTG) [6, 12].
Therefore, in accordance with the Maastricht recommenda-
tions, in Poland clarithromycin and metronidazole should
not be used without previous susceptibility testing [5].

When the first-line therapy is unsuccessful, we need the
effective second-line therapy. Evolving research has demon-
strated that the introduction of new drugs, such as levoflox-
acin and rifabutin, provides new possibilities of treatment
[7, 10, 11]. However, the current recommendation of PTG is
to entertain the introduction of levofloxacin as the third-line

empirical treatment [6]. Nevertheless, some studies carried
out by Molina-Infante in Spain examined the introduction
of levofloxacin in the first-line treatment in triple and
sequential regimens and demonstrated the advantage of
levofloxacin in both combinations. Levofloxacin may be a
good alternative to clarithromycin in the region with high
percentage of resistant H. pylori strains to clarithromycin.
[7, 11]. As a result of frequent resistance of H. pylori to clar-
ithromycin in Poland and recommendations of PTG (2008)
that enable the introduction of levofloxacin to H. pylori
eradication therapy, many physicians have started using the
levofloxacin in first-line treatment (data not published).

Levofloxacin, a bactericidal fluoroquinolone of the 3rd
generation antibiotics, has also the activity in the second-line
therapy. Levofloxacin may be used as a substitute for clar-
ithromycin in either a standard triple or sequential regimen.
A large study comparing antibiotics in either of regimens
shows a clear advantage to levofloxacin in both combina-
tions. It has been proposed that levofloxacin-based regimens
are the most beneficial in areas where clarithromycin resis-
tance is higher [13–16]. The introduction of levofloxacin to
the treatment scheme raises many hopes, but the resistance
to levofloxacin is a growing problem in Spain (from 6%
to more than 25% over the last 5 years) [17]. A rapidly
increasing rate of fluoroquinolone resistance was reported
in several countries [7]. The apparently rapid rate at which
fluoroquinolone resistance seems to develop may limit the
use of levofloxacin in H. pylori eradication to the second-line
therapy.

Since the resistance to antimicrobials is a major cause
of eradication failure, the monitoring of antimicrobial resis-
tance of H. pylori in each domestic area should be warranted,
especially for clarithromycin and the commonly applied
metronidazole. Such monitoring is also recommended by
the Maastricht III Consensus. For developing countries this
monitoring should probably also include other antimicro-
bials used in the eradication therapy [18–20]. Therefore, the
aim of this prospective study was to assess the primary and
secondary resistance of H. pylori strains isolated from adult
patients, from the Malopolska region in Poland between
2006–2008 [13] and 2009–2011, to antibacterial drugs (clari-
thromycin and levofloxacin) used clinically for H. pylori
eradication.

2. Materials and Methods

2.1. Patients. The study enrolled a group of 220 dyspeptic
patients aged 16–87, who underwent gastroscopy in the
“Falck” Health Care Center in Krakow, Poland.

153 patients had never been treated for H. pylori infec-
tion, whereas 67 patients underwent the H. pylori eradication
therapy.

The plan of the study was approved by the Bioethical
Commission of the Jagiellonian University, and each patient
signed the informed consent for the participation in the
study.

2.2. Clinical Material. During gastroscopy two biopsy spec-
imens (bioptates) were taken from each patient. Bioptates
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were collected from the antrum and the body of the stomach.
Bioptates were transferred in a transportation medium,
Portagerm pylori (bioMérieux, Marcy-l’Etoile, France), and
then sent for microbiological tests, which were performed at
the Department of the Pharmaceutical Microbiology of the
Jagiellonian University Medical College.

2.3. Bacterial Culture and Susceptibility Testing. Bioptate was
homogenized in glass sterile mortars to ensure a homoge-
neous distribution of bacteria in the whole specimen. Homo-
genate was inoculated onto the solid medium, Schaedler agar
with 5% sheep blood added (bioMérieux, Marcy-l’Etoile,
France) and medium, Schaedler agar with 5% sheep blood,
and Dent selective supplement added (Helicobacter pylori
Selective Supplement-DENT, Oxoid, Basingstoke, UK). The
culture was carried out for 3 to 7 days under 5% CO2 at 37◦C.

The presence of H. pylori in the tested material was con-
firmed by the visual examination of the typical colonies
morphology on the plate with medium, positive biochemical
tests for catalase, oxidase, and urease. Furthermore, Gram-
staining preparation from the colony was performed to con-
firm the presence of Gram-negative spiral bacteria.

The susceptibility of H. pylori strains to antimicrobial
agents was assessed by the quantitative method, E-test
(AB Biodisk, Solna, Sweden), which determined the minimal
inhibitory concentration (MIC) of the drug that inhibits
the growth of bacterial strains. The susceptibility to clar-
ithromycin and levofloxacin was tested for each H. pylori
strain. From the pure H. pylori culture, one colony was taken
to prepare the suspension in 0.85% NaCl on an equivalent of
3.0 McFarland units. The inoculum was spread on the plate
with the Schaedler agar with 5% sheep blood (bioMérieux,
Marcy-l’Etoile, France) within 15 minutes after the prepara-
tion. Then, E-test stripes with the clarithromycin and levo-
floxacin gradient were placed on plates according to manual
of the manufacturer (AB Biodisk, E-test technical manual),
separately for clarithromycin and levofloxacin. Plates were
incubated in microaerophilic conditions at 37◦C for 72 hrs.

The breakpoints used to qualify strains as resistant
according to the MIC values were 1 mg/L for both tested anti-
biotics, as previously described [21, 22].

The determination of MIC values was carried out against
the reference H. pylori strain from the American Type Cul-
ture Collection, ATCC 43504 Helicobacter pylori, to ensure
the quality of susceptibility tests.

2.4. Statistical Analysis. The statistical parameters such as:
mean values and chi-squared test of Independence (χ2 test)
were performed. The accepted significance level was 0.5
(results with P ≤ 0.05 were considered statistically signi-
ficant). In cases where the expected values were less than 5,
the Yates correction was used.

The association between the primary and the secondary
H. pylori resistance to the tested antibiotics was checked.

Moreover, the statistical analysis tested the differences
between the level of primary and secondary H. pylori resis-
tance to clarithromycin and levofloxacin in the years of our
study (2009–2011) and the previous study which was carried

The prevalence of H. pylori infection

23% (51/220)

77% (169/220)

Patients with H. pylori infection
Patients without H. pylori infection

Figure 1: The prevalence of H. pylori infection among dyspeptic
patients enrolled in the study in 2009–2011.

out in the years 2006–2008, also in our Department and
showed the level of H. pylori resistance in the same region
of Southern Poland, Malopolska [13].

3. Results and Discussion

3.1. Results. Among 220 patients with dyspeptic symptoms
admitted to the study between January 2009 and December
2011, the presence of H. pylori infections was confirmed in 51
cases. The prevalence of H. pylori infections among dyspeptic
patients in Southern Poland amounted to 23% (51/220
Figure 1). The presence of H. pylori was confirmed by CLO
test—rapid urease test—performed by a doctor and bacterial
culture.

51 strains of H. pylori were successfully isolated from
biopsy specimens of 51 patients who were identified as
positive for H. pylori. The group of H. pylori-positive patients
consisted of 28 women (55%) and 23 men (45%), which
indicates that both ganders were equally represented in the
study. The average age of this group of patients was 45.6 years
(aged 18–75 years).

In total, 43 strains were derived from patients who had
never been treated for H. pylori infections (primary strains
84%) and 8 strains were derived from patients after the failed
therapy (secondary strains 16%) (Figure 2).

Susceptibility to clarithromycin and levofloxacin was
tested for all H. pylori strains by the quantitative method, E-
test. The obtained MIC values ranged from 0.016 to 12 mg/L
for clarithromycin and from 0.012 to 32 mg/L for levofloxa-
cin. Mean MIC values were as follows: 1.22 mg/L for clarith-
romycin and 1.42 mg/L for levofloxacin.

In total, in the years 2009–2011, the ratio of H. pylori
strains susceptible to clarithromycin amounted to 78%
(40/51), while the ratio of resistant strains amounted to 22%
(11/51); primary resistance was 19% (8/43 strains) and sec-
ondary 38% (3/8 strains). The ratio of H. pylori strains
susceptible to levofloxacin amounted to 84% (43/51 strains),
while the ratio of resistant strains amounted to 16% (8/51
strains); primary resistance 12% (5/43), secondary 38% (3/8)
(Table 1).
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Primary H. pylori strains

Secondary H. pylori strains

84% (43/51)

16% (8/51)

The percentage of primary and secondary H. pylori strains

Figure 2: The percentage of primary and secondary H. pylori strains
isolated from dyspeptic patients enrolled in the study in 2009–2011.

Table 1: Comparison of resistance of H. pylori primary and sec-
ondary strains to clarithromycin and levofloxacin in 2009–2011.

Antimicrobial
agent

No. (%) of resistant H. pylori strains in the

years 2009–2011

All strains Primary strains Secondary strains

n = 51 n = 43 n = 8

CLA(1) 11 (22%) 8 (19%) 3 (38%)

LEV(1) 8 (16%) 5 (12%) 3 (38%)
(1)

CLA: clarithromycin, LEV: levofloxacin.

In the years 2006–2008, 115 strains were isolated. 34%
(39/115) of H. pylori strains were resistant to clarithromycin
(primary 21% (19/90), secondary 80% (20/25)). 5% (6/115)
of strains were resistant to levofloxacin (primary 2% (2/90),
secondary 16% (4/25)) [13].

The comparison of the H. pylori-resistant strains to
clarithromycin and levofloxacin, isolated between 2006–2008
[13] and 2009–2011, was conducted with the use of the
χ2 test. An increase of the amount of resistant strains to
levofloxacin was statistically significant; 5% (6/115) between
2006 and 2008 [13] versus 16% (8/51) between 2009 and
2011, P = 0.05 (with the Yates correction).

Nevertheless, the amount of H. pylori-resistant strains to
clarithromycin is decreasing. The total amount of resistant
strains decrease from 34% in 2006–2008 [13] to 22% in
2009–2011; however it is statistically insignificant (P = 0.16
(Table 2, Figure 3)).

4. Discussion

Variations of the prevalence of resistant H. pylori strains
depend on some factors, for instance, the use of antibiotics
and chemotherapeutics in recommended patterns of antimi-
crobial agents, and are geographically differentiated [23].

Table 2: Comparison of resistance of H. pylori strains to clarithro-
mycin and levofloxacin between 2006–2008 [13] and 2009–2011.

Antimicrobial
agent

No. (%) of H. pylori-resistant strains

2006–2008 [13] 2009–2011
P value(1)

n = 115 n = 51

CLA(2) 39 (34%) 11 (22%) 0,16 NS(3)

LEV(2) 6 (5%) 8 (16%) 0,05(4)

(1)
P value (chi-square test) with the Yates correction. P≤ 0.05 was deemed

statistically significant.
(2)CLA: clarithromycin, LEV: levofloxacin.
(3)NS: non significant.
(4)Statistically significant differences between the level of resistance in the
years 2006–2008 and 2009–2011.

Activity of antimicrobial agents

against H. pylori strains

0

10

20

30

40

50

60

70

80

R
es

is
ta

n
t 

st
ra

in
s 

(%
)

Se
co

n
da

ry
re

si
st

an
ce

P
ri

m
ar

y
re

si
st

an
ce

To
ta

l
re

si
st

an
ce

Se
co

n
da

ry
re

si
st

an
ce

P
ri

m
ar

y
re

si
st

an
ce

To
ta

l
re

si
st

an
ce

Clarithromycin Levofloxacin

2006–2008

2009–2011

2006–2008
2009–2011

∗

Figure 3: Activity of clarithromycin and levofloxacin against pri-
mary and secondary H. pylori strains. ∗statistically significant dif-
ferences between the level of resistance to levofloxacin in the years
2006–2008 and 2009–2011.

The resistance of H. pylori strains to levofloxacin is
quickly acquired; thus, it is the growing problem [7, 23]. For
example, in France it increased from 3.3% in 1999 to 17.5%
in 2003 [21]; in Spain the resistance increased from 6% to
more than 25% over the last five years [17, 24]. In another
country, such as Iran, the resistance of H. pylori to fluoro-
quinolones has also been increasing although it had not been
reported before—primary resistance has amounted to 5.3%
for levofloxacin [18].

Our study has shown that in Poland there is also a sig-
nificant increase of H. pylori strains resistant to levofloxacin,
from 5% in 2006–2008 [13] to 16% in 2009–2011 (P = 0.05).
Many studies have shown that resistance to fluoroquinolones
is easily acquired and is due to point mutations in gyrA genes
[21, 23, 25, 26]. The higher rate of H. pylori-resistant strains
may be caused by the more frequent use of levofloxacin
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in the treatment of H. pylori infections. Studies conducted
in Belgium over the last 20 years (1990–2009) show the
correlation between consumption of antibiotics and the rates
of resistant H. pylori strains [27]. Also another study, carried
out by Cabrita et al. in Portugal, shows the correlation
between increased use of antibiotics and the growth in
prevalence of resistant H. pylori strains to these antibiotics
[28]. Nevertheless, there is no commonly available informa-
tion about usage of antibiotics and chemotherapeutics in
outpatient clinic in Poland, but, as known, fluoroqinolones
are used not only in H. pylori infection but also in treatment
of infections of genitourinary tract and respiratory tract,
gastrointestinal diseases, infection of skin and soft tissues,
and many others [25, 29, 30]. This usage of fluoroquinolones
and cited studies allows to conclude that increasing resistance
of H. pylori strains to levofloxacin in Southern Poland may
be caused by more common use of levofloxacin and other
fluoroquinolones in community and also in treatment of H.
pylori infections. Susceptibility testing has not been routinely
performed and anti-H. pylori drugs like levofloxacin are used
in the empirical therapy as suggested by many researchers.
However, due to the fact that the resistance to levofloxacin
is quickly acquired, susceptibility testing should be routinely
carried out to enable properly selecting treatment model,
or levofloxacin should not be used commonly but only in
the rescue third-line therapy, when treatment with clarithro-
mycin and metronidazole failed (as it is recommended by
EHSG and PTG [5, 6]) to avoid the further increase of
resistance of H. pylori to antimicrobial agents [31]. Moreover,
Marzio et al. dealt with the role of preliminary susceptibility
testing before therapy and after failed therapy. It has been
suggested that triple therapy with levofloxacin, amoxicillin,
and PPI should not be used without previous susceptibility
test in the region where primary resistance of H. pylori to
levofloxacin amounted to 10% [32]. In our study, 16% of
H. pylori strains was resistant to levofloxacin and primary
resistance 12%.

According to EHSG and the Polish Society of Gastro-
enterology recommendations, there are three schemes of
treatment which suggested the use of levofloxacin as the
third-line treatment [5, 6]. Moreover, several studies which
showed the efficacy of the third-line rescue therapy with levo-
floxacin were carried out [31, 33, 34]. Furthermore, levoflox-
acin was also successfully tested as a good substitute of
clarithromycin in the area with the high prevalence of
clarithromycin-resistant H. pylori strains [7, 35] and as a
good alternative for patients allergic to penicillin [36].

Positive results of these studies were likely to con-
tribute to the increased use of levofloxacin instead of clari-
thromycin in the empirical treatment. Apart from that, flu-
oroquinolones as drugs with a broad spectrum of activity
against bacteria are commonly used in the treatment of many
diseases, not only in the treatment of H. pylori infections.

An interesting result shown by our research is the change
in the profile of the susceptibility of H. pylori strains isolated
from patients in Southern Poland to clarithromycin. The
resistance to clarithromycin decreased in comparison to the
previous years 2006–2008. The current level of resistance of
H. pylori to clarithromycin has amounted to 22%, while in

2006–2008 it was equal to 34% [13]. This change may be
caused by the lower consumption of this antimicrobial agent
and higher consumption of levofloxacin instead of clar-
ithromycin. This proposal is due to the changes in the profile
of H. pylori susceptibility and the previously cited studies
indicating the relationship between the amount of drug con-
sumption and the amount of resistance of H. pylori strains to
this drug [27]. It is a hypothesis which would require further
detailed research and analysis. However, as the Maastricht III
Consensus Report recommended, we carry out the monitor-
ing of antibiotics resistance of H. pylori strains in our region
of Poland—Southern Poland.

Interesting results have been obtained in Brazil, the
research shows that the resistance to clarithromycin is lower
than that to levofloxacin (8% versus 23%), which suggests
that clarithromycin is still a good option in the treatment of
H. pylori infections [16]. If the level of resistance to levoflox-
acin continues to rise and the downward trend of resistance
to clarithromycin is sustained, a similar situation may occur
in Poland.

5. Conclusion

All things considered, it should be noted that the resistance
of H. pylori strains is changing and depends on commonly
used antimicrobial agents, so the obligatory susceptibility
testing before the treatment would be a much better solution
to avoid the further increase of resistance of H. pylori and
other bacteria to antibiotics commonly used in treatment of
H. pylori infection [31]. Moreover, the present study shows
rapidly increasing resistance of H. pylori strains isolated from
patients in Poland, to levofloxacin. That could discourage the
use of this fluoroquinolone in the empirical first-line therapy
of H. pylori infections and suggest that it should be avoided
to overuse of levofloxacin as a first-line therapy. Thus, H.
pylori resistance to clarithromycin should be permanently
monitored due to the variability of the prevalence of resistant
H. pylori strains.
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[2] A. Zawadzka-Gralec, M. Wróblewska, A. Szaflarska-Popławska
et al., “The drug sensitivity of Helicobacter pylori strains—our
own observation,” Pediatria Wspolczesna, vol. 10, no. 1, pp.
29–31, 2008.

[3] B. J. Marshall and J. R. Warren, “Unidentified curved bacilli in
the stomach of patients with gastritis and peptic ulceration,”
The Lancet, vol. 1, no. 8390, pp. 1311–1314, 1984.

[4] W. D. Chey and B. C. Y. Wong, “American College of Gastroen-
terology guideline on the management of Helicobacter pylori



6 Gastroenterology Research and Practice

infection,” American Journal of Gastroenterology, vol. 102, no.
8, pp. 1808–1825, 2007.

[5] P. Malfertheiner, F. Megraud, C. O’Morain et al., “Current
concepts in the management of Helicobacter pylori infection:
the Maastricht III consensus report,” Gut, vol. 56, no. 6, pp.
772–781, 2007.

[6] J. Dzieniszewski, M. Jarosz, W. Bartnik et al., “Consensus of
the Polish Society of Gastroenterology Helicobacter pylori
Working Group on diagnostic and therapeutic approaches for
the Helicobacter pylori infection,” Gastroenterologia Polska, vol.
15, no. 5, pp. 323–331, 2008.

[7] A. O’Connor, J. P. Gisbert, D. McNamara, and C. O’Morain,
“Treatment of Helicobacter pylori Infection 2010,” Helicobac-
ter, vol. 16, supplement 1, pp. 53–58, 2011.

[8] W. Ziemniak, “Efficacy of Helicobacter pylori eradication tak-
ing into account its resistance to antibiotics,” Journal of Physi-
ology and Pharmacology, vol. 57, no. 3, pp. 123–141, 2006.

[9] T. Lind, S. V. van Zanten, P. Unge et al., “Eradication of Heli-
cobacter pylori using one-week triple therapies combining
omeprazole with two antimicrobials: the MACH I study,”
Helicobacter, vol. 1, no. 3, pp. 138–144, 1996.

[10] P. P. Basu, K. Rayapudi, T. Pacana, N. J. Shah, N. Krish-
naswamy, and M. Flynn, “A Randomized study comparing
levofloxacin, omeprazole, nitazoxanide and doxycycline versus
triple therapy for the eradication of Helicobacter pylori,” The
American Journal of Gastroenterology, vol. 106, no. 11, pp.
1970–1975, 2011.

[11] J. Molina-Infante, B. Perez-Gallardo, M. Fernandez-Bermejo
et al., “Clinical trial: clarithromycin vs. levofloxacin in first-
line triple and sequential regimens for Helicobacter pylori
eradication,” Alimentary Pharmacology and Therapeutics, vol.
31, no. 10, pp. 1077–1084, 2010.

[12] E. Karczewska, I. Wojtas, and A. Budak, “Wystȩpowanie pier-
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Helicobacter pylori infection is the main cause of gastritis, gastroduodenal ulcer disease, and gastric cancer. After 30 years of
experience in H. pylori treatment, however, the ideal regimen to treat this infection has still to be found. Nowadays, apart from
having to know well first-line eradication regimens, we must also be prepared to face treatment failures. In designing a treatment
strategy, we should not only focus on the results of primary therapy alone but also on the final—overall—eradication rate. The
choice of a “rescue” treatment depends on which treatment is used initially. If a first-line clarithromycin-based regimen was
used, a second-line metronidazole-based treatment (quadruple therapy) may be used afterwards, and then a levofloxacin-based
combination would be a third-line “rescue” option. Alternatively, it has recently been suggested that levofloxacin-based “rescue”
therapy constitutes an encouraging 2nd-line strategy, representing an alternative to quadruple therapy in patients with previous
PPI-clarithromycin-amoxicillin failure, with the advantage of efficacy, simplicity and safety. In this case, quadruple regimen may
be reserved as a 3rd-line “rescue” option. Even after two consecutive failures, several studies have demonstrated that H. pylori
eradication can finally be achieved in almost all patients if several “rescue” therapies are consecutively given.

1. Introduction

Helicobacter pylori infection is the main known cause of
gastritis, gastroduodenal ulcer disease, and gastric cancer.
After 30 years of experience in H. pylori treatment, however,
the ideal regimen to treat this infection has still to be
found [1–3]. Consensus conferences have recommended
therapeutic regimens that achieve H. pylori cure rates higher
than 80% on an intention-to-treat basis [4–7]. However,
several large clinical trials and meta-analyses have shown
that the most commonly used first-line therapies, including
proton pump inhibitors (PPIs) plus two antibiotics, may fail
in≥20% of patients [8, 9], and in the clinical routine setting,
the treatment failure rate might be even higher [10, 11].
Moreover, during the last few years, the efficacy of PPI-based
regimens seems to be decreasing, and several studies have
reported intention-to-treat eradication rates lower than 75%
and even lower than 50% [12–15]. Antibiotic resistance to
clarithromycin has been identified as one of the major factors
affecting our ability to cure H. pylori infection, and the rate
of resistance to this antibiotic seems to be increasing in many
geographical areas [16–19].

Several “rescue” therapies have been recommended, but
they still fail to eradicate H. pylori in more than 20% of the
cases, and these patients constitute a therapeutic dilemma
[20–22]. Patients who are not cured with two consecutive
treatments including clarithromycin and metronidazole will
have at least single, and usually double, resistance [17, 23].
Furthermore, bismuth salts are not available worldwide any-
more; therefore, management of first-line eradication fail-
ures is becoming challenging. Currently, a standard third-
line therapy is lacking, and European guidelines recommend
culture in these patients to select a third-line treatment
according to microbial sensitivity to antibiotics [5, 6]. How-
ever, cultures are often carried out only in research centers,
and the use of this procedure as “routine practice” in patients
who failed several treatments seems not to be feasible [20,
21, 24–26]. Therefore, the evaluation of drugs without cross-
resistance to nitroimidazole or macrolides as components
of retreatment combination therapies would be worthwhile
[27, 28].

All these issues are important at the present time, but
they will be even more relevant in the near future, as



2 Gastroenterology Research and Practice

therapy for H. pylori infection is becoming more and more
frequently prescribed. Therefore, the evaluation of second or
third “rescue” regimens for these problematic cases seems to
be worthwhile [29]. In designing a treatment strategy, we
should not focus on the results of primary therapy alone;
an adequate strategy for treating this infection should use
several therapies which, if consecutively prescribed, come as
close to the 100% cure rate as possible [20, 21, 25, 26, 30, 31].

The aim of the present paper will be to review the
experience dealing with “nonresponders” to H. pylori erad-
ication therapy, and specifically with H. pylori “rescue”
therapies after failure of the first-line eradication regimen.
As, at present, the current most prescribed first-line regimens
include a combination of PPI plus two antibiotics, the
present paper will focus on “rescue” regimen when these
triple combinations fail. Bibliographical searches were per-
formed in the PubMed (Internet) database including studies
available until October 2011, looking for the following words
(all fields): pylori AND (retreatment OR re-treatment OR
rescue OR failure OR salvage OR second-line).

2. Is It Necessary to Perform Culture After
Failure of the First Eradication Treatment?

Pretreatment antibiotic resistance is the most important
factor in nonresponse to initial treatment [32]. Thus, the
choice of a second-line treatment depends on which treat-
ment was used initially, as it would appear that retreatment
with the same regimen cannot be recommended [33]. If a
clarithromycin-based regimen was used, a metronidazole-
based treatment (or at least a clarithromycin-free regimen)
should be used afterwards, and vice versa [34]. This recom-
mendation is based on the observation that acquired bac-
terial resistance to metronidazole or clarithromycin results
primarily from the previous treatment failure [32], and
therefore “rescue” therapies should avoid these antibiotics
and use different combinations.

An antimicrobial susceptibility test for H. pylori before
second-line treatment is sometimes performed, although
whether the test is truly necessary remains unknown. Some
authors have evaluated the efficacy of susceptibility-guided
versus empiric retreatment for H. pylori after a treatment
failure. In the study by Yahav et al. [35], patients in whom
at least one treatment regimen for H. pylori eradication
had failed underwent gastric biopsy and culture and were
retreated according to the in vitro susceptibility results. Find-
ings were compared with those for control patients (where
culture was unavailable). Susceptibility-guided retreatment
was associated with better eradication rates (86%) than
empiric treatment (63%). However, several methodological
drawbacks exist in this study. Firstly, more than 50% of
the patients received first-line eradication treatment with
both clarithromycin and metronidazole (instead of including
clarithromycin and amoxicillin), which is not the generally
recommended combination; consequently, no logical empir-
ical treatment remained afterwards (levofloxacin-based reg-
imens were not available at that time). In this respect, when
only the eradication rates in control (culture unavailable)

patients treated with a first regimen of PPI-amoxicillin-clar-
ithromycin followed by a second empiric quadruple regimen
were considered (the generally recommended first- and
second-line strategies), the success figures were not signif-
icantly different from those reported in patients receiving
susceptibility-guided retreatment. Secondly, because this
study was nonrandomized, there might have been hetero-
geneity among the two groups with respect to the treatment
regimens prescribed by the treating physicians. Finally, this
study was limited by the lack of susceptibility data for
the controls, which restricted the ability to analyze the
reasons why empiric therapy did not work as well as the
susceptibility-guided protocol.

In a French multicenter study [36], patients, in whom
one previous H. pylori eradication therapy (mainly with PPI-
amoxicillin-clarithromycin) has failed, were randomized to
receive one of three empirical triple-therapy regimens or
a strategy based on antibiotic susceptibility. The empirical
regimens were PPI-amoxicillin-clarithromycin (for 7 or 14
days) or PPI-amoxicillin-metronidazole (for 14 days). In the
susceptibility-based strategy, patients with clarithromycin-
susceptible strains received PPI-amoxicillin-clarithromycin,
whilst the others received PPI-amoxicillin-metronidazole.
The eradication rates for empirical therapies were low,
while the cure rate was higher (74%) for the susceptibility-
based treatment. If the H. pylori strain was clarithromycin-
susceptible (which occurred in approximately 1/3 of the
cases), a high-success rate was obtained with the PPI-
clarithromycin-amoxicillin “rescue” regimen. The study,
however, was done in France, where bismuth is banned,
so that the use of quadruple therapy with a PPI, bismuth,
tetracycline, and metronidazole as recommended by the
updated Maastricht Consensus Report [6], was not tested.
In fact, as it will be reviewed later, several studies have
obtained relatively good results with this quadruple regi-
men empirically prescribed, with mean eradication rate of
77% (i.e., a similar figure than the 74% achieved for the
susceptibility-based treatment in the present study). Thus, in
this study, instead of not readministering any of the antibi-
otics against which H. pylori has probably become resis-
tant, the authors insist on prescribing again clarithromycin
(or metronidazole) for the second-line treatment. Further-
more, statistically significant differences were not demon-
strated when comparing the efficacy of the empirical
PPI-amoxicillin-metronidazole and the susceptibility-based
strategy, suggesting that the metronidazole-based com-
bination may be an effective empirical alternative after failure
of a clarithromycin-based combination.

In the updated Maastricht Consensus Report [6], it
was recommended that culture and antimicrobial sensitivity
testing should be routinely performed only after two treat-
ment failures with different antibiotics. According to this
statement, some studies have suggested that an antimicrobial
susceptibility test for H. pylori before administering second-
line treatment is not necessary. In this respect, in the study
by Avidan et al. [37], after failure of first-line eradication
treatment, half of the patients were randomly assigned to
treatment with a different PPI-based triple regimen regard-
less of the culture obtained, and the other half were assigned
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to treatment with PPI and two antibacterial agents chosen
according to a susceptibility test; the authors found that
the culture results did not influence the treatment protocol
employed. Similarly, in the study by Miwa et al [38], patients
with H. pylori infection for whom first-line treatment with
a PPI-amoxicillin-clarithromycin regimen had failed were
randomly assigned to two groups: those having or not having
the susceptibility test before retreatment. For those patients
in the susceptibility-test group, the authors used what they
considered the best regimen based on susceptibility testing;
while for those patients in the group with no susceptibility
testing, PPI-amoxicillin-metronidazole was prescribed. The
cure rates in the groups with and without susceptibility
testing were not different.

3. Second-Line H. pylori “Rescue” Therapy
after Failure of One Eradication Treatment

3.1. “Rescue” Regimen after PPI-Clarithromycin-Amoxicillin

Failure

3.1.1. PPI, Amoxicillin, and Metronidazole. After failure of
a combination of PPI, amoxicillin, and clarithromycin, a
theoretically correct alternative would be the use, as second
option, of other PPI-based triple therapy including amox-
icillin (that does not induce resistance) and metronidazole
(an antibiotic not used in the first trial), and several authors
have reported encouraging results with this strategy [38–
45]. However, in our experience, when this therapy has
been administered twice daily for one week, eradication rates
lower than 50% have been obtained [46]; the subsequently
use of higher (three times per day) antibiotic doses was
followed only by a mild increase in eradication rate (58%),
which was still unacceptable [46]. Nagahara et al. [47]
studied a group of patients who, after failure of first-line PPI-
clarithromycin-amoxicillin therapy, had received second-line
therapy with the same regimen (for 14 days) or had received
PPI-amoxicillin-metronidazole (for 10 days). The eradica-
tion rate for second-line therapy with the same regimen
(thus readministering clarithromycin) was of only 53%,
while it was of 81% with PPI-amoxicillin-metronidazole.
These observations underlie the idea that antibiotics, and
specifically clarithromycin, should not be readministered in
successive treatments.

3.1.2. Quadruple Therapy. Another alternative, the use of
a quadruple regimen (i.e., PPI, bismuth, tetracycline, and
metronidazole), has been generally used as the optimal
second-line therapy after PPI-clarithromycin-amoxicillin
failure and has been the recommended “rescue” regimen in
several guidelines [6, 48, 49]. Several studies have obtained
relatively good results with this quadruple regimen, the
results are summarized in Table 1 [46, 50–64]. Thus, the
weighted mean eradication rate with this “rescue” therapy,
calculated from the studies included in the table, is of 77%.
In this combination regimen, PPI should be prescribed in
the usual dose and twice a day, colloidal bismuth subci-
trate 120 mg four times per day, tetracycline 500 mg four

Table 1: Eradication rates with quadruple therapy (proton pump
inhibitor, bismuth, tetracycline, and a nitroimidazole) as “rescue”
therapy for proton pump inhibitor-clarithromycin-amoxicillin fail-
ure.

Author
Number of

patients
Duration

(days)
Eradication

rate (%)

Baena et al. [50] 31 14 90

Bilardi et al. [51] 46 7 37

Elizalde et al. [52] 31 7 87

Choung et al. [53] 56 7 77

Choung et al. [53] 99 14 88

Su et al. [54] 87 7 84

Chung et al. [64] 90 7 82

Chung et al. [64] 101 14 85

Gasbarrini et al. [55] 9 7 88

Gisbert et al. [56] 30 7 57

Gisbert et al. [46] 9 7 78

Gomollón et al. [57] 21 7 95

Lee et al. [58] 20 7 68

Lee et al. [59] 63 7 75

Lee et al. [153] 112 7 64

Lee et al. [153] 115 10 83

Marko et al. [60] 27 7 63

Michopoulos et al. [61] 38 14 76

Navarro-Jarabo et al.
[62]

54 7 70

Nista et al. [63] 70 7 63

Nista et al. [63] 70 14 68

Orsi et al. [93] 50 12 88

Perri et al. [154] 45 10 67

Perri et al. [92] 60 7 83

Sicilia et al. [155] 21 10 83

Usta et al. [156] 89 14 67

Uygun et al. [157] 100 14 82

Wong et al. [94] 53 7 91

Wu et al. [158] 47 7 77

Wu et al. [159] 62 7 81

Eradication rates by intention-to-treat analysis when available. H. pylori
eradication rate (weighted mean) with quadruple therapy: 77%.

times per day, and metronidazole is probably best prescribed
at high doses (i.e., 500 mg three times per day). Precisely, the
study with the lowest efficacy [56] administered metronida-
zole at low doses (250 mg four times per day). Although PPIs
are generally prescribed as the antisecretors in quadruple
therapy, some authors have shown, in a randomized study,
that omeprazole 20 mg b.i.d. and ranitidine 300 mg b.i.d.
were equally effective as antisecretory agents combined in
a second-line quadruple eradication regimen after failure
with previous regimens without metronidazole (although
the power of the study to find statistically significant differ-
ences was limited) [61]. Nevertheless, these regimens were
administered during 14 days; therefore, it remains to be
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demonstrated if the equivalence between both antisecre-
tors—PPIs and H2-blockers—is also observable with 7-day
or 10-day regimens.

The question may be suggested whether treatment with
PPI-clarithromycin-amoxicillin followed by “rescue” with
quadruple therapy if failure is preferable to the inverse
strategy. To analyze this interesting aspect, Gomollón et al.
[65] randomized consecutive patients to one of two strate-
gies: (a) treatment during 7 days with quadruple ther-
apy, and if failure second-line treatment with omeprazole-
clarithromycin-amoxicillin during 7 days, (b) initial treat-
ment with omeprazole-clarithromycin-amoxicillin, and if
failure treatment with quadruple therapy. Direct and indirect
costs were estimated, and a cost-effectiveness analysis using a
decision-tree model was undertaken after real clinical data.
Eradication was obtained (intention-to-treat) in 73% with
the first strategy, versus 92% with the second one. Further-
more, cost per case eradicated was lower in the second group
(320 versus 296 Euros). However, in a similar but more recent
study, Marko et al. [60] assessed the usefulness and the cost-
effectiveness of these two treatment strategies, performing
a decision analysis. The effectiveness of “triple first” and
“quadruple first” strategies was similar, although the latter
seemed slightly more cost-effective.

3.1.3. PPI, Amoxicillin, and Levofloxacin. As previously men-
tioned, after failure of a combination of a PPI-based triple
regimen, the use of the quadruple therapy has been generally
recommended as the optimal second-line therapy based on
the relatively good results reported by several authors. How-
ever, this quadruple regimen requires the administration of
4 drugs with a complex scheme (bismuth and tetracycline
usually prescribed every 6 hours, and metronidazole every
8 hours) and is associated with a relatively high incidence
of adverse effects [20]; however, this drawback may be over-
come, thanks to a novel single capsule containing bismuth,
metronidazole, and tetracycline that has recently become
available [66, 67]. Nevertheless, this quadruple regimen still
fails to eradicate H. pylori in approximately 20 to 30% of the
patients, and these cases constitute a therapeutic dilemma, as
patients who are not cured with two consecutive treatments
including clarithromycin and metronidazole will usually
have double resistance [20].

Levofloxacin is a fluoroquinolone antibacterial agent
with a broad spectrum of activity against Gram-positive and
Gram-negative bacteria and atypical respiratory pathogens
[68]. Recently, some studies have evaluated the efficacy of
new fluoroquinolones, such as levofloxacin, that could prove
to be a valid alternative to standard antibiotics not only
as first-line therapies but, more interesting, as second-line
regimens [21, 69–71]. In this respect, levofloxacin-based
second-line therapies represent an encouraging strategy for
eradication failures, as some studies have demonstrated that
levofloxacin has, in vitro, remarkable activity against H.
pylori [72], and that primary resistances to such antibiotic
in several countries are (still) relatively infrequent (when
compared with metronidazole or clarithromycin) [73–80].
A recent in vitro study also showed a synergistic effect
of quinolone antimicrobial agents and PPIs on strains of

H. pylori [81]. Furthermore, it has been shown in vitro that
levofloxacin retains its activity when H. pylori strains are
resistant to clarithromycin and metronidazole [76, 82, 83].
These favorable results have been confirmed in vivo, indicat-
ing that most of the patients with both metronidazole and
clarithromycin resistance are cured with the levofloxacin-
based regimen [51, 75, 84, 85].

A combination of a PPI, amoxicillin and levofloxacin, as
first-line regimen, has been associated with favorable results,
with mean eradication rates of about 90% [76, 86–91].
Later, other authors studied this same regimen in patients
with one previous eradication failure, also reporting exciting
results, with H. pylori cures rates ranging from 60% to
94%% [51, 63, 82, 84, 91–104]. A recent systematic paper
showed a mean eradication rate with levofloxacin-based
“rescue” regimens (combined with amoxicillin and a PPI
in most studies) of 80%, which represents a relatively high
figure when considering that this regimen was evaluated
as a “rescue” therapy [70]. This systematic paper found,
in agreement with recent randomized clinical trials [105],
higher H. pylori cure rates with 10-day than with 7-day
regimens, both in general (81% versus 73%) and also with
the levofloxacin-amoxicillin-PPI combination in particular
(80% versus 68%), suggesting that the longer (10-day)
therapeutic scheme should be chosen.

Furthermore, three recent meta-analyses have suggested
that after H. pylori eradication failure, levofloxacin-based
“rescue” regimen is more effective than the generally rec-
ommended quadruple therapy [69, 70, 106]. In one of these
meta-analyses [70], higher H. pylori cure rates with the
levofloxacin-based triple regimens than with the quadruple
combinations were found (81% versus 70%), but with
borderline statistical significance (Figure 1). Nevertheless,
results were heterogeneous, mainly due to the discordant
results of the study by Perri et al. [92], who reported a
cure rate of only 63% with the levofloxacin-regimen, the
lowest reported in the literature, a figure that contrasts with
the mean eradication rate of 80% calculated in a systematic
paper [70]. Nevertheless, when that single outlier study [92]
was excluded from the meta-analysis, the difference between
cure rates with both regimens reached statistical significance
and heterogeneity markedly decreased. Furthermore, when
only high-quality studies were considered, the advantage
of the levofloxacin regimen over the quadruple regimen
increased (88% versus 64%), also achieving statistical signif-
icance, and heterogeneity among studies almost disappeared
[70]. Nevertheless, the benefit of the levofloxacin-based
“rescue” regimen seems to be less clear in Asia, as two studies
from Taiwan and Hong Kong showed that levofloxacin-
based triple therapies were at most comparable to quadruple
therapy [95, 102].

As previously mentioned, the quadruple regimen re-
quires the administration of a complex scheme [20]. On the
contrary, levofloxacin-based regimens (with amoxicillin and
PPIs administered twice daily, and levofloxacin every 12 or
24 hours) represent an encouraging alternative to quadruple
therapy, with the advantage of simplicity. Furthermore,
the quadruple regimen is associated with a relatively high
incidence of adverse effects [20]. In contrast, levofloxacin
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Study
or subcategory

Levofloxacin Quadruple OR (random) Weight OR (random) 
95% CI % 95% CI

Bilardi et al. 2004  31/44              17/46        10.87 4.07 [1.68, 9.83]        
Gisbert et al. 2005  21/31              24/36        10.17 1.05 [0.38, 2.92]        
Nista et al. 2003a   66/70              44/70        9.69 9.75 [3.18, 29.87]       
Nista et al. 2003b   63/70              44/70        10.69 5.32 [2.12, 13.33]       
Nista et al. 2004a   26/30              25/35        8.9 2.6 [0.72, 9.38]        
Nista et al. 2004b   24/30              25/35        9.51 1.6 [0.50, 5.09]        
Nista et al. 2005    37/50              34/50        10.94 1.34 [0.56, 3.19]        
Orsi et al. 2003     43/50              44/50        9.45 0.84 [0.26, 2.7]        
Perri et al. 2003    38/60              50/60        10.98 0.35 [0.15, 0.81]        
Wong et al. 2002     51/56              48/53        8.81 1.06 [0.29, 3.9]        

Total (95% CI) 491                505 100 1.8 [0.94, 3.46]

Total events: 400 (levofloxacin); 355 (quadruple)

0.1 0.2  0.5  1 2 5 10
 Favours quadruple  Favours levofloxacin

n/Nn/N

Test for heterogeneity: χ2 = 35.78; df = 9 (P < 0.0001); I2 = 74.8%
Test for overall effect: Z = 1.77 (P = 0.08)

Figure 1: Meta-analysis comparing H. pylori eradication efficacy with levofloxacin-based triple regimens versus quadruple therapy, as
second-line “rescue” regimen after failure of a proton pump inhibitor-amoxicillin-clarithromycin.

is generally well tolerated, and most adverse events asso-
ciated with its use are mild to moderate in severity and
transient [68]. The most frequent adverse effects affect the
gastrointestinal tract [68]. Occasional cases of tendinitis and
tendon rupture have been reported in the literature with
levofloxacin therapy [51, 68]. However, data derived from
more than 15 million prescriptions in the US indicated
the rate is fewer than 4 per million prescriptions [107].
Clostridium difficile infection may be associated with the
use of this broad spectrum activity antibiotic [68]. In
the aforementioned systematic review [70], adverse effects
were reported, overall, by 18% of the patients treated with
levofloxacin-based therapies, and these adverse effects were
severe (defined so by the authors or explaining treatment
discontinuation) in only 3% of the cases. Furthermore,
the incidence of adverse effects was not different when
levofloxacin-amoxicillin-PPI was administered for 7 or 10
days, supporting the aforementioned recommendation of
prescribing the more effective 10-day regimen. Moreover,
two meta-analyses have demonstrated a lower incidence
of adverse effects with levofloxacin-based treatments than
with the quadruple combinations [69, 70]. Finally, it has
recently been demonstrated that moxifloxacin-containing
triple regimen is more effective and better tolerated than
the bismuth-containing quadruple therapy in the second-
line treatment of H. pylori infection [106].

Unfortunately, it has been shown that resistance to
quinolones is easily acquired, and in countries with a high
consumption of these drugs, the resistance rate is increasing
and is already relatively high [75, 88, 95, 108–125]. More
importantly, it has been demonstrated that the presence of
levofloxacin resistance significantly reduce the eradication
rate following a therapy with this antibiotic [75, 88, 118, 126,
127]. Therefore, it has been suggested to reserve levofloxacin
for “rescue” treatment to avoid the increase of the resistance
phenomenon [128].

3.2. “Rescue” Regimen after PPI-Amoxicillin-Nitroimidazole
Failure. After PPI-amoxicillin-nitroimidazole failure, re-
treatment with PPI-amoxicillin-clarithromycin has proved to

be very effective, and it seems to be a logical strategy, as while
amoxicillin is maintained (which does not induce resistance),
clarithromycin is substituted for metronidazole. Further-
more, the absence of cross-resistance among nitroimidazoles
and clarithromycin favors this position. With this therapy,
some authors [46] have achieved H. pylori eradication in
85% of cases, while others have reported success rates of
86% [129] or even 100%% [130]. In favor of this strategy
is the study by Magaret et al. [131] who studied a group
of 48 patients after failure of previous H. pylori therapy
with a metronidazole-containing regimen and randomized
them to either lansoprazole, amoxicillin, and clarithromycin
twice daily for 14 days (i.e., the logical approach with triple
therapy not repeating metronidazole) or to lansoprazole,
bismuth, metronidazole and tetracycline for 14 days (i.e.,
the quadruple therapy repeating metronidazole). Intention-
to-treat efficacies were 75% for triple regimen and 71% for
quadruple. Although this difference did not reach statistical
significance, the small sample size of this study does not
preclude the possibility of a small but clinically significant
difference in efficacy between the regimens.

3.3. “Rescue” Regimen after PPI-Clarithromycin-Nitroim-
idazole Failure. As previously mentioned, acquired bacte-
rial resistance to metronidazole or clarithromycin results
primarily from the previous treatment failure [132], and
therefore the first choice probably should not be a regimen
that combines these two antibiotics in the same regimen [30,
31, 133]. Although this regimen is very effective [8], patients
who are not cured will probably have double resistance
[134, 135], and no logical empirical treatment remains
afterwards (although, more recently, the levofloxacin-based
regimens may represent an option). Thus, some authors
have demonstrated that initial regimens containing both
clarithromycin and nitroimidazole are associated with sig-
nificantly worse results overall, with lower eradication rates
after logically chosen second-line therapy and sensitivity-
directed third-line therapy; these poor results were due to
the emergence of multiply resistant strains as evidenced by
the results of culture testing after the second failed course
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[136]. In summary, due to problems with resistance it could
be suggested that both key antibiotics—clarithromycin and
metronidazole—should not be used together until a valid
empirical back up regimen is available [30].

Nevertheless, if culture is not performed after failure
of PPI-clarithromycin-metronidazole, and hence antibiotic
susceptibility is unknown, several “rescue” options may be
suggested. Firstly, omeprazole plus amoxicillin, with a high
dose of both the antibiotic and the antisecretor, could,
in theory, be recommended [133, 137]; however, we must
remember that this “old-fashioned” dual combination has
achieved disappointing results in many countries [138].
Therefore, a second antibiotic should be added, and at this
point a difficult decision appears, as both antibiotics used in
the first trial (clarithromycin and metronidazole) are capable
of inducing secondary resistance to H. pylori, playing a
negative role in future efficacy [134, 139–144]. Nevertheless,
the following possibilities exist.

3.3.1. Readministering Metronidazole. Due to the fact that
metronidazole resistance is frequent and clinically relevant
[134, 139–141], if this antibiotic is readministered, it should
be used within bismuth-based quadruple regimen (thus PPI
might reduce the negative effect of metronidazole resistance
[57, 141, 145]). With this regimen, eradication rates up to
80% have been achieved [46].

3.3.2. Readministering Clarithromycin. Several studies have
underlined the relevance of clarithromycin resistance [134,
139, 140, 142], which advise against readministering this
antibiotic. Therefore, a further option which has been
proposed is to add (e.g., to PPI-amoxicillin-clarithromycin) a
fourth medication (as bismuth [146, 147]) with bactericidal
effect against H. pylori, with which 70% eradication rate has
been achieved [46].

3.3.3. Readministering No Antibiotic. A final alternative,
obviously, consists of no readministering either metronida-
zole or clarithromycin. Although only published in abstract
form, one study has prescribed ranitidine bismuth citrate,
tetracycline, and amoxicillin for 2 weeks and has reported
the eradication in 89% of the cases who had previously failed
PPI, clarithromycin, and tinidazole [148]. These encouraging
results may be due, at least in part, to the use of ranitidine
bismuth citrate instead of bismuth in this regimen, as “clas-
sic” triple therapy with bismuth, tetracycline, and amoxicillin
has been previously considered relatively ineffective. Finally,
although not specifically evaluated in PPI-clarithromycin-
metronidazole failures, rifabutin, or levofloxacin-based reg-
imens (e.g., PPI, amoxicillin and either levofloxacin or
rifabutin) could play a role in this difficult situation. How-
ever, several concerns remain regarding rifabutin treatment
[149]. Firstly, this drug is very expensive. Secondly, severe
leucopoenia and thrombocytopenia have been reported in
some patients treated with rifabutin. Finally, there is some
concern about a wide-spread use of rifabutin, a member of
a class of established antimycobacterial drugs, in patients
with H. pylori infection. Because multiresistant strains of
Mycobacterium tuberculosis increase in numbers, indications

for these drugs should be chosen very carefully to avoid
further acceleration of development of resistance.

3.4. “Rescue” Regimen after Nonbismuth Quadruple “Sequen-
tial” and “Concomitant” Treatment Failure. As previously
mentioned, the most widely recommended treatment for
the eradication of H. pylori is the standard, or PPI-based
triple therapy, which combines 2 antibiotics (clarithromycin
plus amoxicillin or metronidazole). However, one recent
innovation, postulated as an alternative to standard triple
therapy, is sequential treatment, which involves a simple dual
regimen including a PPI plus amoxicillin for the first 5 days
followed by a triple regimen including a PPI, clarithromycin,
and tinidazole for the following 5 days [2]. On the other
hand, the concept of a nonbismuth quadruple regimen or
“concomitant” regimen has recently resurfaced. Traditional
standard triple therapy (PPI-clarithromycin-amoxicillin)
can easily be converted to “concomitant” therapy by the
addition of 500 mg of metronidazole or tinidazole twice daily
[3].

It remains unclear how failure of non-bismuth quadruple
“sequential” or “concomitant” therapy should be man-
aged. One potential disadvantage of these therapies is that
patients with failed eradication would have limited options
for further treatment, because they would already have
received 3 different antibiotics: amoxicillin, clarithromycin,
and nitroimidazole. However, the recent appearance of
levofloxacin may overcome this problem. Thus, Zullo et
al. [150] recently performed a pilot study on patients who
failed sequential therapy; following 10-day triple therapy
with a PPI, levofloxacin, and amoxicillin, H. pylori infection
was successfully cured in 86% of cases. In another study,
Perna et al. [118] prescribed a 10-day triple regimen with a
PPI, levofloxacin, and amoxicillin in patients in whom first
treatment with either standard 10-day triple or sequential
therapy (only 10 patients) had failed. H. pylori was eradicated
in 73% of cases, although the authors do not provide separate
efficacy rates depending on the first (failure) treatment.
These data seem to indicate that a triple regimen (PPI-
levofloxacin-amoxicillin) is a suitable approach for second-
line treatment in patients whose sequential—and probably
also concomitant—therapy fails.

4. Conclusion

Even with the current most effective treatment regimens,
≥20% of patients will fail to eradicate H. pylori infection.
This paper seems important at the present time, as therapy
for H. pylori infection is becoming more and more frequently
prescribed. Nowadays, apart from having to know well first-
line eradication regimens, we must also be prepared to
face treatment failures. Therefore, in designing a treatment
strategy we should not only focus on the results of primary
therapy alone, but also on the final—overall—eradication
rate.

The choice of a “rescue” treatment depends on which
treatment is used initially. If a first-line clarithromycin-
based regimen was used, a second-line metronidazole-based
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treatment (such as the quadruple therapy) may be used after-
wards, and then a levofloxacin-based combination would
be a third-line “rescue” option. Alternatively, it has recently
been suggested that levofloxacin-based “rescue” therapy con-
stitutes an encouraging 2nd-line strategy, representing an
alternative to quadruple therapy in patients with previous
PPI-clarithromycin-amoxicillin failure, with the advantage
of efficacy, simplicity, and safety. In this case, quadruple
regimen may be reserved as a 3rd-line “rescue” option.

Even after two consecutive failures, several studies have
demonstrated that H. pylori eradication can finally be
achieved in almost all patients if several “rescue” therapies
are consecutively given [22, 151]. As a final conclusion,
therefore, the attitude in H. pylori eradication therapy failure,
even after two or more unsuccessful attempts, should be to
fight and not to surrender [152].

Abbreviations

H. pylori: Helicobacter pylori
PPI: Proton pump inhibitor.
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Carpio, and J. M. Pajares, “Seven-day “rescue” therapy after
Helicobacter pylori treatment failure: omeprazole, bismuth,
tetracycline and metronidazole vs. ranitidine bismuth citrate,
tetracycline and metronidazole,” Alimentary Pharmacology
and Therapeutics, vol. 13, no. 10, pp. 1311–1316, 1999.
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