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SUMMARY

Background
Helicobacter pylori eradication rates with standard triple therapy are declin-
ing worldwide. The optimal management of H. pylori is evolving and new
treatment combinations for antibiotic resistant H. pylori strains are
required, especially for patients with penicillin allergy.

Aim
To review the effectiveness of alternative antibiotic combinations and neces-
sity of pre-antibiotic sensitivity testing.

Methods
A total of 310 consecutive patients who had failed at least one course of stan-
dard 7-day triple therapy initially prescribed by their physicians were included
in this study between year 2007 and 2011. Antibiotics were prescribed based
on pre-antibiotic sensitivity tests and, if any, patient’s allergy to penicillin.

Results
In 98.7% of the patients’ samples, H. pylori was successfully cultured. The
proportion resistant to clarithromycin and metronidazole was 94.1% and
67.6% respectively, with 65% resistant to both. For the in-house primary qua-
druple therapy, with Proton pump inhibitor, Amoxicillin, Rifabutin and Cip-
rofloxacin (PARC), H. pylori was successfully eradicated in 95.2% of patients.
For patients allergic to amoxicillin, an alternative quadruple therapy using
Proton pump inhibitor, Bismuth subcitrate, Rifabutin and Ciprofloxacin
(PBRC) gave an eradication rate of 94.2%. Patients needing alternative salvage
therapy were given novel personalised combinations consisting of bismuth,
rifabutin, tetracycline or furazolidone; the eradication rate was 73.8%.

Conclusions
Patients who present with antibiotic resistant H. pylori can be confidently
treated with PARC, PBRC or other personalised salvage therapies. These
regimens can be used when treatment options are limited by penicillin
allergy. Pre-treatment H. pylori antibiotic sensitivity tests contributed to the
high eradication rate in this study.
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INTRODUCTION
Antibiotic treatment and eradication of the gastric patho-
gen, Helicobacter pylori, is complex, involving multiple
antibiotics that are combined with proton pump inhibitors
(PPI) to increase the pH of the stomach for the duration
of the course of the antibiotics to ensure high eradication
rates. Treatment failure is generally attributed to lack of
compliance with the drug regimen or infection by antibi-
otic resistant strains.1 H. pylori infection is currently
known to be associated with peptic ulcer disease, non-
ulcer dyspepsia, premalignant lesions, gastric cancer and
mucosa-associated lymphoid tissue (MALT) lymphoma.
Although the incidence of gastric cancer has declined in
developed countries, it remains one of the most common
types of cancer worldwide.2–4 The prevalence of H. pylori
infection varies significantly between developed (10–30%)
and developing countries (70–90%).5 In general, H. pylori
prevalence is higher in lower socioeconomic groups, insti-
tutionalised individuals and those who have migrated
from the developing world.6, 7 In Australia, the prevalence
of H. pylori was reported to be between 25% and 35%8, 9

and the rate of failure to eradicate H. pylori has recently
gradually increased.10–12 In addition, there has been a sig-
nificant increase in the number of migrants coming to
Australia from the neighbouring developing countries.13 It
is therefore reasonable to expect an increase in the number
of H. pylori cases in Australia.

The current first line triple therapy, recommended by
the first Maastricht consensus report,14 consists of a PPI,
amoxicillin (AMX) and clarithromycin (CLR) or metro-
nidazole (MTZ) and has generally been adopted world-
wide. The current efficacy of this treatment is almost
80%; however, due to the increase in prevalence of CLR
resistance, the failure rate of this treatment can be as
high as 30%.15 Prevalence of bacterial resistance varies in
different geographical areas, and it has been shown to
correlate with the consumption of antibiotics in the gen-
eral population.11, 16 For example, careful use of macro-
lide antibiotics in Northern European countries resulted
in a reduced rate of H. pylori CLR resistance as com-
pared with Central and Southern European countries,
where CLR is widely prescribed.10, 12, 17, 18 During the
last two decades, widespread use of antibiotics, such as
CLR for respiratory infections, MTZ for anaerobic bacte-
rial infections and levofloxacin for urinary tract infec-
tions, has increased the occurrence of primary H. pylori
resistance.10, 11, 16 Therefore, the optimal management of
H. pylori after failed eradication therapy is evolving and
new treatments for antibiotic resistant H. pylori strains
are required. There is also the need for a successful ther-

apy for patients who are allergic to AMX and have failed
first–line treatment. This study reports the antibiotic
resistance of H. pylori in referred patients, reviews the
necessity of pre-antibiotic sensitivity testing and ascer-
tains the effectiveness of alternative antibiotics such as
rifabutin (RFB), ciprofloxacin (CIP), bismuth subcitrate
(BIS), furazolidone (FZD) and tetracycline (TET), in
patients who have failed the standard triple therapy with
PPI plus AMX, CLR and/or MTZ.

MATERIALS AND METHODS

Patients
A total of 310 consecutive patients attended the H. pylori
Research Laboratory at Sir Charles Gairdner Hospital,
Perth, Australia from 2007 to 2011. Median age for the
patients was 53 years (range: 16–85) and the gender
ratio was 91 male to 219 female. Patients were referred to
the H. pylori Research Laboratory after failing the 7-day
H. pylori standard triple therapy (PPI + AMX + CLR)
and usually also failed a second 7-day or 14-day therapy
of the same treatment or one with CLR replaced by
MTZ. Penicillin-allergic patients had usually failed a
PPI + CLR + MTZ therapy.

Helicobacter pylori infection was proven by positive
bacterial culture of H. pylori or histology. At least 4 weeks
after completion of treatment, the H. pylori status of the
patients was determined by a C14-urea breath test (UBT).
Alternative quadruple therapy was provided when the ini-
tial in-house quadruple treatment failed. Analysis of H.
pylori eradication efficacy was considered on an intention-
to-treat basis including all eligible patients enrolled in the
study regardless of compliance with the study protocol.

Isolation of Helicobacter pylori
At upper gastrointestinal endoscopy, an antral and a cor-
pus biopsy were each transported in 0.2 mL saline to the
H. pylori Research Laboratory at the University of Western
Australia for culture. The biopsies were diced into small
fragments with a sterile scalpel and then inoculated onto
two agar plates, one nonselective and the other, selective.
The nonselective plates used were Columbia blood agar
plates (CBA) (Columbia agar base; Oxoid, Adelaide, Aus-
tralia) with 5% horse blood and the selective plates were
Pylori plates (bioMérieux, Marcy. L'Étoile, France) or CBA
plates with ‘Dent’ supplement (Oxoid). After 72–96 h of
incubation at 37°C and 10% CO2, six to eight H. pylori
colonies were subcultured separately onto a fresh nonse-
lective CBA and incubated for additional 72 h. The
growth of the subcultured colonies was examined by Gram
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stain and tested for catalase, oxidase and urease activity
before being pooled together for antibiotic sensitivity test-
ing. A cohort of 23 patients did not have an endoscopy,
but had H. pylori isolated using the Entero-Test Hp string
test (HDC Corporation, Mountain View, CA, USA).19 In
the laboratory, the bacteria adhering to the string were
washed off with brain heart infusion broth (BHIB) and
plated onto selective media plates. The further isolation of
H. pylori continued as described above.

Antibiotic sensitivity test
Antibiotic sensitivity testing was performed using e-Test
(bioMérieux, Murarrie, Australia) for AMX, CLR, MTZ,
TET, Rifampicin (RIF) and CIP. Resistance was defined
according to National Committee for Clinical Laboratory
Standards (NCCLS)20: AMX, minimum inhibition con-
centration (MIC) � 2 lg/mL; CLR, MIC � 1 lg/mL;
MTZ, MIC � 8 lg/mL; TET, MIC � 1 lg/mL; RIF,
MIC � 4 lg/mL; and CIP, MIC � 1 lg/mL.

Quadruple therapies
The in-house standard primary quadruple therapies, PBRC
and PARC (Table S1), were designed for patients with and
without penicillin allergy respectively. The PARC consists
of Rabeprazole (20 mg, 3 times daily for 10 days), AMX
(1000 mg, 3 times daily for 10 days), RFB (150 mg, start-
ing from day 6, 2 times daily for 5 days) and CIP (500 mg,
starting from day 6, 2 times daily for 5 days), whereas,
PBRC consists of Rabeprazole (20 mg, 3 times daily for
10 days), Bismuth subcitrate (BIS) (240 mg, 4 times daily
for 10 days), RFB (150 mg, 2 times daily for 10 days) and
CIP (500 mg, 2 times daily for 10 days). In cases where
patients were not successfully treated by PARC or PBRC
treatment or were carrying H. pylori proven resistant to
CIP and/or RIF, a more personalised therapy was pre-
scribed. The personalised therapy was principally depen-
dent on the pre-antibiotic sensitivity result. Patients were
mainly given FZD (100 mg, 3 times daily for 10 days) in
combination with PPI, BIS and one other antibiotic. The
choice of other antibiotic included AMX, CIP, MTZ, RFB
and TET (500 mg, 4 times daily for 10 days).

RESULTS
In the period 2007–2011, H. pylori was successfully cul-
tured from 306 patients (98.7%) of the 310 patients attend-
ing this research clinic. Most of the patients were aged
between 36 and 65 years (Figure 1). The number of female
patients (n = 219) was more than double the number of
male patients (n = 91) and this difference is significant
according to the Western Australian population statistic

(average for the age groups with the greatest numbers).21

Analysis of the nature of antibiotic resistance of CLR and
MTZ did not show any correlation with the gender.

A high resistance rate to CLR and MTZ was observed
among these patients as all of them had completed at least
one course (usually two) of the standard 7-day triple ther-
apy containing PPI and combinations of AMX, CLR or
MTZ before they were referred to this research clinic. The
proportion resistant to CLR and MTZ was 94.1%
(n = 288) and 67.6% (n = 207) respectively, with 65%
(n = 199) resistant to both. Comparing the resistance rates
between 2007 and 2011 (Table 1), MTZ was shown to be
stable at 66.7–71.4% and CLR was shown stable at 95.4–
98.6% except for year 2011 where the resistance rate was
observed at 71.0%. Antibiotic resistance rates to CIP, RIF,
AMX and TET were recorded as 5.6%, 2.0%, 0% and 0%
respectively over the time period (Table 1).

The PARC quadruple treatment was primarily pre-
scribed to patients who were proven not allergic to
penicillin and the H. pylori isolated was shown sensitive to
RIF and CIP by pre-treatment antibiotic sensitivity testing.
It was the most frequently prescribed treatment to the
patients in this research clinic. A total of 210 (or 67.7%)
patients (female = 138; male = 72) received the PARC
treatment during the period 2007–2011. All patients
received a post-treatment C14-UBT to determine the erad-
ication rate. The PARC treatment demonstrated a high
cure rate of 95.2% (or n = 200/210) (Table 2). Five of the
ten patients who failed this treatment wished to receive
alternative personalised quadruple treatment without fur-
ther endoscopy.

The PBRC treatment was primarily prescribed for
patients who had a history of penicillin allergy. A total
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Figure 1 | Number of Helicobacter pylori patients
classified by gender and age.
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of 69 (or 22.2%) patients (female = 60; male = 9)
received this treatment. PBRC demonstrated a cure rate
of 94.2% by post-treatment UBT (Table 2). Two of these
four patients who were not successfully cured were fur-
ther treated with the alternative personalised treatment.

The alternative personalised treatments, which mainly
consisted of FZD, when prescribed as primary salvage
treatment, delivered a cure rate of 77.4% (n = 31); and
when the 11 patients who were not successfully treated
with PARC or PBRC were included, the cure rate was
73.8% (n = 42). The different combinations of antibiotics
and the cure rates for patients who received these regi-
mens are listed in Table 3. Only 10% of the patients
included in this study received these treatment combina-
tions. They were given these treatment combinations as
antibiotic sensitivity testing revealed that their H. pylori
isolates were resistant to CIP and RIF. Four of eight of
these patients who failed eradication with one combina-
tion therapy were further treated with an alternative
treatment and 50% (n = 4) of them were cured.

DISCUSSION
This study reviews the antibiotic resistance profiles and
treatment plans for patients at the H. pylori Research
Laboratory over the 5-year period between 2007 and

2011. These patients were not randomly selected and the
resistance rates shown in this study do not reflect the
entire pre-treatment Australian H. pylori population. This
study was not controlled or blinded as it included a large
cohort of consecutive patients referred to this research
clinic by their general practitioners after (usually two)
treatment failures. According to the antibiotic resistance
profile collected in this study, the failure of the standard
triple therapy, in agreement with many others,11, 22, 23 is
mainly due to the emergence of antibiotic-resistant
strains (especially for CLR and MTZ). CLR and MTZ are
two of the most commonly prescribed antibiotics for
respiratory tract and anaerobic infections respectively.
Frequent use of these antibiotics, not necessarily for H.
pylori infections, contributes to the resistance of H. pylori
to these two antibiotics.24 Moreover, de novo antibiotic
resistance can be easily introduced by a simple mutation
in the H. pylori chromosome e.g. mutations in the 23S
rRNA, gyrA, rpoB and rdxA genes are associated with
CLR, CIP, RIF and MTZ resistance respectively.25–30 Nev-
ertheless, the authors believe that the CLR/MTZ-based
triple therapy is still effective as a first-line treatment, at
least within Australia.

Female patients are more likely to carry H. pylori
strains resistant to both CLR and MTZ than male

Table 1 | Helicobacter pylori antibiotic resistance rates (percentage) from 2007 to 2011

n CLR (%) MTZ (%) CIP (%) RIF (%) AMX (%) TET (%)

2007 54 96.3 66.7 3.7 0.0 0.0 0.0
2008 70 98.6 71.4 7.1 0.0 0.0 0.0
2009 86 96.5 67.4 7.0 3.5 0.0 0.0
2010 65 95.4 63.1 3.1 0.0 0.0 0.0
2011 31 71.0 71.0 6.5 9.7 0.0 0.0
2007–2011* 306 94.1 67.6 5.6 2.0 0.0 0.0
Female 217 93.5 70.5 6.0 1.8 0.0 0.0
Male 89 95.5 60.7 4.5 2.2 0.0 0.0

AMX, amoxicillin; CIP, ciprofloxacin; CLR, clarithromycin; MTZ, metronidazole; RIF, rifampicin; TET, tetracycline.

* H. pylori was isolated from 306 of 310 patients (98.7%).

Table 2 | Eradication rate of the therapy prescribed

Treatment n H. pylori eradicated Success rate PPI AMX BIS RIF CIP MTZ TET FZD

PARC 210 200 95.2% ● ● ● ●
PBRC 69 65 94.2% ● ● ● ●
Personalised Therapy* (31, 11) (26, 5) (77.4%, 45.4%) ●
Total 310

Symbol ‘●’, prescribed drug; symbol ‘ ’, optional drug; AMX, amoxicillin; BIS, bismuth subcitrate; CIP, ciprofloxacin; FZD, furazoli-
done; MTZ, metronidazole; PPI, rabeprazole; RIF, rifabutin; TET, tetracycline.

* Used as first-line treatment, used as second-line treatment.
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patients due to the higher incidence of previous treatment
of gynaecological conditions with antibiotics.11, 31–34

Although the resistance rate between genders was not
proved statistically significant in this study (P-
valueMTZ = 0.11; P-valueCLR = 0.77), the higher ratio of
female-to-male patients, especially among the older
women, suggests that mature women are more likely to
carry antibiotic-resistant strains, which then lead to a
poorer eradication rate in standard MTZ/CLR-based
treatment.

The in-house primary PARC treatment plan contained
a triple dose of PPI (Rabeprazole), a high-dose AMX
(3 g/day), a restricted antibiotic (RFB) and a quinolone
(CIP). Similar to other RFB-based triple therapy stud-
ies,34, 35 this treatment was shown to deliver a high cure
rate of 95.2% (n = 210). The high-dose AMX (3 g/day)
10 days’ treatment was adopted from the ‘old’ dual ther-
apy which was reported with a high cure rate (>90%) in
the early years of H. pylori treatment.36, 37 However, the
dual therapy only achieved a 67% cure rate in one of
our earlier trials.38 As a result, RFB and a quinolone, a
method adopted from Wong WM et al.,34 were com-
bined with the dual therapy to improve the cure rate.
CIP was chosen as the quinolone because of its afford-
ability and easy access. Interestingly, although the effi-
cacy of CIP had been reported to underperform in acidic
conditions and is currently discouraged by the Maas-
tricht consensus report IV,1 some studies have shown
that the efficacy can be improved by having high dosage
of PPI.39, 40 On the other hand, RFB combinations with
newer alternative quinolones such as norfloxacin, levo-
floxacin, moxifloxacin and gatifloxacin have been fre-
quently reported with successful rates >90% in recent
years. The consistent success of PARC/PBRC therapy
shown in this study suggests that it should be continued

as the appropriate combination, at least in Australia and
other countries with low quinolone resistance. The only
concern from this high-dose antibiotic therapy was the
possibility of other complications such as Clostridium
difficile colitis.41, 42 However, not a single case of such a
complication was reported from the treatment group.
Other common adverse side-effects such as diarrhoea,
loose stools, nausea, headache, joint pain and rashes
were reported from 11% of our patients taking the
PARC treatment. As for patients who were allergic to
penicillin (n = 69), this study showed that PBRC therapy
(AMX substituted by BIS) was able to achieve a cure rate
of 94.2%. Bismuth subcitrate is a mineral that has been
widely used for treating ulcers. It is known not only for
its topical bactericidal effects and the synergistic effects
with other antibiotics, but most of all, H. pylori has
never been known to develop resistance to it.

Personalised treatments (mainly PBAF) were designed
for patients who were shown to carry H. pylori resistant
to RFB or CIP and for those who were not cured with
PARC/PBRC. This study has demonstrated a cure rate of
77.4% (n = 31); and when we included the 11 patients
who failed PARC/PBRC, the cure rate became 73.8%
(n = 42). The combinations of BIS, TET and FZD had
been previously reported with high efficacy,43–45 but they
were not commonly prescribed due to their adverse side-
effects and consequent poor compliance. In addition,
FZD is well known to be associated with many adverse
side-effects and it is currently restricted in many Euro-
pean countries and the United States.45 Indeed, FZD is
reported as a mutagenic, genotoxic and potentially carci-
nogenetic.46, 47 However, MTZ is also listed as a poten-
tial carcinogen by FDA and yet it is commonly used
worldwide.45 The sensitivity of H. pylori to furazolidone
seems to vary from one geographical region to another.
For example, 1.3% was reported in Bulgaria,48 2% in
Spain,49 4.5% in Iran,50 8.7% in China, Zhengjiang prov-
ince51 and 13% in Brazil.52 Nevertheless, the low cost
and high efficacy made it a good alternative antibi-
otic.50, 53, 54 High-dose FZD has been reported to
increase the cure rate, but also significantly increases the
incidence of severe side-effects.45 About 50% of the
patients who received this treatment reported at least
one of the following side-effects: diarrhoea, loose stool,
dark urine, headache or nausea. As a result, for these
reasons, unless proven H. pylori eradication failed in all
other possible treatments, FZD should be avoided.

Rifampicin resistance in H. pylori was rare, but was
observed in 3 cases in both 2009 and 2011. Investigation
revealed that all of these patients had previous exposure to

Table 3 | The different combination of antibiotics used
in personalised treatment

Personalised treatment n Cured Rate (%)

PBAF 15 11 73.3
PBRF 4 4 100.0
PMA 3 2 66.7
PBAT 2 0 0.0
PBTF 2 2 100.0
PBTM 2 2 100.0
PBAC 1 1 100.0
PBR 1 1 100.0
PBRMF 1 1 100.0

31 24 77.4

A, AMX; B, BIS; C, CIP; F, FZD; M, MTZ; P, PPI; R, RFB; T, TET.
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RFB treatment for either mycobacterial or meningococcal
infections. In addition, one patient had prematurely ceased
an RFB-based anti-H. pylori treatment. Pre-exposure to
RFB plays an important role in its resistance in H. pylori
infection.55, 56 In Australia, because of tight restrictions
imposed on prescribing RFB, resistance was not commonly
expected. Despite its useful synergism with other antibiot-
ics, in rare cases, it is known to associate with serious
adverse effects (mainly myelotoxicity). Frequent use of RFB
in populations with a high prevalence of tuberculosis might
lead to the development of resistantM. tuberculosi.57, 58 As
a result, in agreement with the Maastricht IV Consensus
Report,1 it should remain restricted only to patients who
had failed multiple previous eradication regimens.

A mean CIP resistance rate of 6% was detected in this
study. This rate was considered low when compared to
15.6% in Nigeria,59 20.9% in Portugal,18 14.3% in Spain60

and 15.7% in Korea.61 In many other countries, due to
the overall increase in the consumption of fluoroquinol-
ones for various other infections (such as urinary and
respiratory tract infections), there has been an increase
in fluoroquinolone resistance. For example, Portugal had
0% resistance rate in 1990–1993, but 20.9% in 1998–
199918; Taiwan had 2.8% resistance rate in 1998–2003,
but 11.8% in 2004–200762; and South Korea had 0%
resistance rate in 1987, but 33.3% in 2003.63 Then again,
although the resistance rate to CIP was shown low in
this study of refractory H. pylori infection in Western
Australia, due to the ease of acquiring resistance, care
should always be taken when prescribing fluoroquinol-
ones. Of interest, very few studies had used CIP in com-
bination treatments. Hence, this study is reassuring to
note that this less expensive quinolone, together with
other antibiotics, is apparently just as effective as the
newer ones i.e. norfloxacin, levofloxacin, moxifloxacin
and gatifloxacin.

Pre-treatment antibiotic sensitivity testing has contrib-
uted to the high eradication rate demonstrated in this
study. The importance of pre-treatment antibiotic sensi-
tivity testing has been long debated. Such efforts have
been claimed inefficient, especially in a community
where RFB resistance is low.64–66 In this study, over 90%
of patients who carried MTZ- and CLR-resistant
H. pylori strains were successfully treated with the in-
house PARC therapy. Although testing the antibiotic
sensitivity required additional cost and effort, the
patients ultimately benefited by avoiding ‘guess work’ or
experimental treatment plans. Repeated failure in H.
pylori eradication not only increases the risk of develop-
ing antibiotic resistance in both H. pylori and other gas-

trointestinal micro-organisms, but patients are more
likely to become pessimistic and less compliant.

CONCLUSION
Current H. pylori triple therapy is effective, but clinicians
are still challenged by patients with persistent infection
after standard CLR- and MTZ-based treatment as well as
those with penicillin allergy. Antibiotic resistance
remains the main reason for treatment failure. For these
patients, current guidelines suggest a case-by-case
approach at the specialist care level. Most patients who
have no eradication after two courses of standard triple
therapy are likely to be resistant to both MTZ and CLR.
This study shows that these H. pylori strains are usually
sensitive to CIP and RFB, which means that the PARC
salvage therapy could be reasonably prescribed without
the expense of antibiotic sensitivity testing, especially
among countries with low quinolone resistance. How-
ever, pre-treatment antibiotic sensitivity testing is very
useful when therapy with novel antibiotic combination is
contemplated. We believe that the 73.8% eradication rate
from these novel antibiotic combinations guided by pre-
antibiotic sensitivity testing has greatly benefitted these
patients, especially those with penicillin allergy.

ACKNOWLEDGEMENTS
We would like to acknowledge Elina Spina, Jim Blan-
chard and all staff from Gastroenterology Unit, Sir
Charles Gairdner Hospital, Nedlands and Pathwest for
their contribution in this study. Declaration of personal
interests: Barry Marshall has served as a speaker, a con-
sultant and an advisory board member for Helicobacter
pylori Research Laboratory, and has received research
funding from the Vice-Chancellor of University of Wes-
tern Australia and NHMRC (No. 572723). Barry Mar-
shall is an employee of University of Western Australia
and owns shares in Tri-med, a company which markets
diagnostic tests for Helicobacter pylori manufactured by
Kimberly Clark USA (the CLOtestTM rapid urease test
and PytestTM C14-urea breath test). Declaration of fund-
ing interests: This study was funded in part by NHMRC,
grant number 572723. The preparation of this paper was
funded in part by the Vice Chancellor of University of
Western Australia.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Figure S1. Flow-chart displaying the treatment strategy.
Table S1. The in-house treatment plans.

Aliment Pharmacol Ther 2012; 36: 1076-1083 1081

ª 2012 Blackwell Publishing Ltd

Helicobacter pylori novel quadruple therapies



Please note: Wiley-Blackwell are not responsible for
the content or functionality of any supporting materials
supplied by the authors. Any queries (other than missing

material) should be directed to the corresponding author
for the article.

REFERENCES
1. Malfertheiner P, Megraud F, O’Morain

CA, et al. Management of Helicobacter
pylori infection–the Maastricht IV/
Florence Consensus Report. Gut 2012;
61: 646–64.

2. Inoue M, Tsugane S. Epidemiology of
gastric cancer in Japan. Postgrad Med J
2005; 81: 419–24.

3. Ma X, Yu H. Global burden of cancer.
Yale J Biol Med 2006; 79: 85–94.

4. Marshall BJ, Windsor HM. The relation
of Helicobacter pylori to gastric
adenocarcinoma and lymphoma:
pathophysiology, epidemiology,
screening, clinical presentation,
treatment, and prevention. Med Clin
North Am 2005; 89: 313–44, viii.

5. Malaty HM. Epidemiology of
Helicobacter pylori infection. Best Pract
Res Clin Gastroenterol 2007; 21: 205–14.

6. Khalifa M, Sharaf R, Aziz R.
Helicobacter pylori: a poor man’s gut
pathogen? Gut Pathog 2010; 2: 2.

7. Carrasco-Garrido P, Jimenez-Garcia R,
Barrera V, de Andres A, de Miguel A.
Significant differences in the use of
healthcare resources of native-born and
foreign born in Spain. BMC Public
Health 2009; 9: 201.

8. Lin SK, Lambert JR, Nicholson L,
Lukito W, Wahlqvist M. Prevalence of
Helicobacter pylori in a representative
Anglo-Celtic population of urban
Melbourne. J Gastroenterol Hepatol
1998; 13: 505–10.

9. Robertson MS, Cade JF, Savoia HF,
Clancy RL. Helicobacter pylori infection
in the Australian community: current
prevalence and lack of association with
ABO blood groups. Intern Med J 2003;
33: 163–7.

10. De Francesco V, Giorgio F, Hassan C,
et al. Worldwide Helicobacter pylori
antibiotic resistance: a systematic
review. J Gastrointestin Liver Dis 2010;
19: 409–14.

11. Megraud F. Helicobacter pylori
antibiotic resistance: prevalence,
importance, and advances in testing.
Gut 2004; 53: 1374–84.

12. Megraud F, Coenen S, Versporten A,
et al. Helicobacter pylori resistance to
antibiotics in Europe and its relationship
to antibiotic consumption. Gut 2012;
doi: 10.1136/gutjnl-2012-302254.

13. Gibney KB, Mihrshahi S, Torresi J,
Marshall C, Leder K, Biggs BA. The

profile of health problems in African
immigrants attending an infectious
disease unit in Melbourne. Australia.
Am J Trop Med Hyg 2009; 80: 805–11.

14. Malfertheiner P, Megraud F, O’Morain
C, et al. Current European concepts in
the management of Helicobacter pylori
infection–the Maastricht Consensus
Report. The European Helicobacter
Pylori Study Group (EHPSG). Eur J
Gastroenterol Hepatol 1997; 9: 1–2.

15. Raymond J, Lamarque D, Kalach N,
Chaussade S, Burucoa C. High level of
antimicrobial resistance in French
Helicobacter pylori isolates. Helicobacter
2010; 15: 21–7.

16. Boyanova L, Mitov I. Geographic map
and evolution of primary Helicobacter
pylori resistance to antibacterial agents.
Expert Rev Anti Infect Ther 2010; 8: 59
–70.

17. Debets-Ossenkopp YJ, Herscheid AJ,
Pot RGJ, Kuipers EJ, Kusters JG,
Vandenbroucke-Grauls CMJE.
Prevalence of Helicobacter pylori
resistance to metronidazole,
clarithromycin, amoxycillin, tetracycline
and trovafloxacin in The Netherlands. J
Antimicrob Chemother 1999; 43: 511–5.

18. Cabrita J, Oleastro M, Matos R, et al.
Features and trends in Helicobacter
pylori antibiotic resistance in Lisbon
area, Portugal (1990–1999). J Antimicrob
Chemother 2000; 46: 1029–31.

19. Windsor HM, Abioye-Kuteyi EA,
Marshall BJ. Methodology and
transport medium for collection of
Helicobacter pylori on a string test in
remote locations. Helicobacter 2005; 10:
630–4.

20. National Committee for Clinical
Laboratory Standards. Methods for
dilution antimicrobial susceptibility tests
for bacteria that grow aerobically.
Approved standard. Wayne, PA:
National Committee for Clinical
Laboratory Standard, 2000.

21. Australian Bureau of Statistics, 2011.
Australian Demographic Statistics, cat.
no. 3101.0. Available at: http://www.abs.
gov.au/. Accessed February 20, 2012.

22. Mohammadi M, Doroud D, Massarrat
S, Farahvash MJ. Clarithromycin
resistance in iranian Helicobacter pylori
strains before introduction of
clarithromycin. Helicobacter 2003; 8: 80
–80.

23. Mendonça S, Ecclissato C, Sartori MS,
et al. Prevalence of Helicobacter pylori
resistance to metronidazole,
clarithromycin, amoxicillin, tetracycline,
and furazolidone in brazil. Helicobacter
2000; 5: 79–83.

24. Selgrad M, Malfertheiner P. Treatment
of Helicobacter pylori. Curr Opin
Gastroenterol 2011; 27: 565–70.

25. Taylor DE, Ge Z, Purych D, Lo T,
Hiratsuka K. Cloning and sequence
analysis of two copies of a 23S rRNA
gene from Helicobacter pylori and
association of clarithromycin resistance
with 23S rRNA mutations. Antimicrob
Agents Chemother 1997; 41: 2621–8.

26. Versalovic J, Shortridge D, Kibler K,
et al. Mutations in 23S rRNA are
associated with clarithromycin
resistance in Helicobacter pylori.
Antimicrob Agents Chemother 1996; 40:
477–80.

27. Moore RA, Beckthold B, Wong S, Kureishi
A, Bryan LE. Nucleotide sequence of the
gyrA gene and characterization of
ciprofloxacin-resistant mutants of
Helicobacter pylori. Antimicrob Agents
Chemother 1995; 39: 107–11.

28. Heep M, Beck D, Bayerdörffer E, Lehn
N. Rifampin and rifabutin resistance
mechanism in Helicobacter pylori.
Antimicrob Agents Chemother 1999; 43:
1497–9.

29. Goodwin A, Kersulyte D, Sisson G,
Veldhuyzen van Zanten SJO, Berg DE,
Hoffman PS. Metronidazole resistance in
Helicobacter pylori is due to null
mutations in a gene (rdxA) that encodes
an oxygen-insensitive NADPH
nitroreductase. Mol Microbiol 1998; 28:
383–93.

30. Jenks PJ, Ferrero RL, Labigne A. The
role of the rdxA gene in the evolution
of metronidazole resistance in
Helicobacter pylori. J Antimicrob
Chemother 1999; 43: 753–8.

31. Miendje Deyi VY, Bontems P,
Vanderpas J, et al. Multicenter survey
of routine determinations of resistance
of Helicobacter pylori to antimicrobials
over the last 20 years (1990 to 2009) in
Belgium. J Clin Microbiol 2011; 49:
2200–9.

32. Sanchez-Delgado J, Calvet X, Bujanda
L, Gisbert JP, Tito L, Castro M. Ten-
day sequential treatment for
Helicobacter pylori eradication in

1082 Aliment Pharmacol Ther 2012; 36: 1076-1083

ª 2012 Blackwell Publishing Ltd

C. Y. Tay et al.



clinical practice. Am J Gastroenterol
2008; 103: 2220–3.

33. De Francesco V, Giorgio F, Ierardi E,
et al. Primary clarithromycin
resistance in Helicobacter pylori: the
Multicentric Italian Clarithromycin
Resistance Observational (MICRO)
study. J Gastrointestin Liver Dis 2011;
20: 235–9.

34. Wong WM, Gu Q, Lam SK, et al.
Randomized controlled study of
rabeprazole, levofloxacin and rifabutin
triple therapy vs. quadruple therapy as
second-line treatment for Helicobacter
pylori infection. Aliment Pharmacol
Ther 2003; 17: 553–60.

35. Borody TJ, Pang G, Wettstein AR,
et al. Efficacy and safety of rifabutin-
containing ‘rescue therapy’ for resistant
Helicobacter pylori infection. Aliment
Pharmacol Ther 2006; 23: 481–8.

36. Bayerdorffer E, Mannes GA, Sommer
A, et al. High-dose omeprazole
treatment combined with amoxicillin
eradicates Helicobacter-pylori. Eur J
Gastroenterol Hepatol 1992; 4: 697–702.

37. Bayerdorffer E, Miehlke S, Mannes GA,
et al. Double-blind trial of omeprazole
and amoxicillin to cure Helicobacter-
pylori infection in patients with
duodenal-ulcers. Gastroenterology 1995;
108: 1412–7.

38. Viiala CH, Windsor HM, Marshall BJ.
Cure rate of high dose omeprazole and
amoxicillin therapy for treatment-
resistant Helicobacter pylori infection. J
Gastroenterol Hepatol 2005; 20: 663–4.

39. Dore MP, Tadeu V, Are B, et al.
Efficacy of a “Rescue” ciprofloxacin-
based regimen for eradication of
Helicobacter pylori infection after
treatment failures. Gastroenterol Res
Pract 2012; 2012: 484591.

40. Dresner D, Coyle W, Nemec R,
Peterson R, Duntemann T, Lawson JM.
Efficacy of ciprofloxacin in the
eradication of Helicobacter pylori. South
Med J 1996; 89: 775–8.

41. Jobe BA, Grasley A, Deveney KE,
Deveney CW, Sheppard BC.
Clostridium difficile colitis: an
increasing hospital-acquired illness. Am
J Surg 1995; 169: 480–3.

42. Nelson R. Antibiotic treatment for
Clostridium difficile-associated diarrhea
in adults. Cochrane Database Syst Rev
2007; 3: CD004610.

43. Silva FM, Eisig JN, Chehter EZ, Silva JJ,
Laudanna AA. Omeprazole,
furazolidone, and tetracycline: an
eradication treatment for resistant H.
pylori in Brazilian patients with peptic
ulcer disease. Rev Hosp Clin Fac Med
Sao Paulo 2002; 57: 205–8.

44. Mansour-Ghanaei F, Fallah MS,
Shafaghi A. Eradication of Helicobacter
pylori in duodenal ulcer disease

tetracycline & furazolidone vs.
metronidazole & amoxicillin in
omeprazole based triple therapy. Med
Sci Monit 2002; 8: PI27–30.

45. Zullo A, Ierardi E, Hassan C, De
Francesco V. Furazolidone-based
therapies for Helicobacter pylori
infection: a pooled-data analysis. Saudi
J Gastroenterol 2012; 18: 11–7.

46. Ahmed HH, El-Aziem SH, Abdel-
Wahhab MA. Potential role of cysteine
and methionine in the protection against
hormonal imbalance and mutagenicity
induced by furazolidone in female rats.
Toxicology 2008; 243: 31–42.

47. Jin X, Tang S, Chen Q, et al.
Furazolidone induced oxidative DNA
damage via up-regulating ROS that
caused cell cycle arrest in human
hepatoma G2 cells. Toxicol Lett 2011;
201: 205–12.

48. Boyanova L, Gergova G, Nikolov R,
et al. Prevalence and evolution of
Helicobacter pylori resistance to 6
antibacterial agents over 12 years and
correlation between susceptibility
testing methods. Diagn Micrbiol Infect
Dis 2008; 60: 409–15.

49. Alarcon T, de la Obra P, Domingo D,
Garcia-Campos JA, Diaz-Reganon J,
Lopez-Brea M. In vitro activity of
furazolidone and nitrofurantoin in
Helicobacter pylori clinical isolates and
study of mutation rate. Rev Esp
Quimioter 2005; 18: 313–8.

50. Siavoshi F, Saniee P, Latifi-Navid S,
Massarrat S, Sheykholeslami A. Increase
in resistance rates of H. pylori isolates
to metronidazole and tetracycline-
comparison of three 3-year studies.
Arch Iran Med 2010; 13: 177–87.

51. Su ZL, Xu HX, Zhang CY, et al.
Mutations in Helicobacter pylori porD
and oorD genes may contribute to
furazolidone resistance. Croat Med J
2006; 47: 410–5.

52. Godoy APO, Ribeiro ML, Benvengo
YHB, et al. Analysis of antimicrobial
susceptibility and virulence factors in
Helicobacter pylori clinical isolates.
BMC Gastroenterol 2003; 3: 20–6.

53. Coelho LG, Leon-Barua R, Quigley EM.
Latin-American Consensus Conference
on Helicobacter pylori infection. Latin-
American National Gastroenterological
Societies affiliated with the Inter-
American Association of
Gastroenterology (AIGE). Am J
Gastroenterol 2000; 95: 2688–91.

54. Hunt RH, Xiao SD, Megraud F, et al.
Helicobacter pylori in developing
countries. World Gastroenterology
Organisation Global Guideline. J
Gastrointestin Liver Dis 2011; 20: 299–
304.

55. Heep M, Lehn N, Brandstatter B,
Rieger U, Senzenberger S, Wehrl W.

Detection of rifabutin resistance and
association of rpoB mutations with
resistance to four rifamycin derivatives
in Helicobacter pylori. Eur J Clin
Microbiol Infect Dis 2002; 21:
143–5.

56. Glocker E, Bogdan C, Kist M.
Characterization of rifampicin-resistant
clinical Helicobacter pylori isolates from
Germany. J Antimicrob Chemother
2007; 59: 874–9.

57. Gisbert JP, Calvet X. Review article:
rifabutin in the treatment of refractory
Helicobacter pylori infection. Aliment
Pharmacol Ther 2012; 35: 209–21.

58. Nishizawa T, Suzuki H, Matsuzaki J,
et al. Helicobacter pylori resistance to
rifabutin in the last 7 years. Antimicrob
Agents Chemother 2011; 55: 5374–5.

59. Aboderin OA, Abdu AR, Odetoyin B,
et al. Antibiotic resistance of
Helicobacter pylori from patients in Ile-
Ife, South-west, Nigeria. Afr Health Sci
2007; 7: 143–7.

60. Cuadrado-Lavín A, Salcines-Caviedes JR,
Carrascosa MF, et al. Antimicrobial
susceptibility of Helicobacter pylori to six
antibiotics currently used in Spain. J
Antimicrobial Chemother 2012; 67: 170–
3.

61. Chung JW, Lee GH, Jeong JY, et al.
Resistance of Helicobacter pylori strains to
antibiotics in Korea with a focus on
fluoroquinolone resistance. J
Gastroenterol Hepatol 2012; 27: 493–7.

62. Hung KH, Sheu BS, Chang WL, Wu HM,
Liu CC, Wu JJ. Prevalence of primary
fluoroquinolone resistance among clinical
isolates of Helicobacter pylori at a
University Hospital in Southern Taiwan.
Helicobacter 2009; 14: 61–5.

63. Kim JM, Kim JS, Jung HC, Kim N,
Kim YJ, Song IS. Distribution of
antibiotic MICs for Helicobacter pylori
strains over a 16-year period in patients
from Seoul. South Korea. Antimicrob
Agents Chemother 2004; 48: 4843–7.

64. Wenzhen Y, Yumin L, Quanlin G,
et al. Is antimicrobial susceptibility
testing necessary before first-line
treatment for Helicobacter pylori
Infection? -Meta-analysis of
randomized controlled trials. Intern
Med 2010; 49: 1103–9.

65. Gisbert JP, Pajares JM. Helicobacter
pylori “rescue” therapy after failure of
two eradication treatments. Helicobacter
2005; 10: 363–72.

66. Chisholm SA, Owen RJ. Frequency and
molecular characteristics of
ciprofloxacin- and rifampicin-resistant
Helicobacter pylori from gastric
infections in the UK. J Med Microbiol
2009; 58: 1322–8.

Aliment Pharmacol Ther 2012; 36: 1076-1083 1083

ª 2012 Blackwell Publishing Ltd

Helicobacter pylori novel quadruple therapies


