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Abstract: New generations of fluoroquinolones, like levofloxacin and moxifloxacin, exhibit a
broad-spectrum activity against Gram-positive and Gram-negative bacteria, and have been
successfully introduced into the treatment of Helicobacter pylori infection. Based on a large
body of evidence, current guidelines recommend the use of levofloxacin- or moxifloxacin-
containing proton-pump inhibitor (PPI) triple therapies in second-line or rescue treatment of
H. pylori infection. The efficacy of standard PPI triple therapies has substantially declined
during the last decade, mainly due to increasing resistance against the key antibiotics clari-
thromycin and metronidazole. Therefore, alternative strategies for first-line therapy of H. pylori
infection have been evaluated in a considerable number of clinical trials including sequential
regimens, nonbismuth quadruple regimens, and quinolone-containing PPI triple therapy reg-
imens. The aim of this paper is to summarize the current body of evidence of levofloxacin- and
moxifloxacin-containing regimens in first-line treatment of H. pylori infection, and to discuss
the risks and benefits of these strategies in the light of increasing resistance of H. pylori to
quinolones.
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Introduction
Indications for a Helicobacter pylori eradication

therapy are defined in several consensus guide-

lines. These indications include peptic ulcer dis-

ease, low-grade gastric mucosa-associated

lymphoid tissue lymphoma, atrophic gastritis,

and after resection of early gastric cancer.

Furthermore, eradication therapy is considered

an option in functional dyspepsia, in first-

degree relatives of gastric cancer patients, or

before starting a long-term therapy with nonste-

roidal anti-inflammatory drugs or acetylsalicylic

acid [Malfertheiner et al. 2007].

Conventional first-line eradication therapies may

fail in up to 30% of patients, leading to a signif-

icant increase of antimicrobial resistance [Della

Monica et al. 2002; Fennerty et al. 1999], parti-

cularly against the key antibiotics clarithromycin

and/or metronidazole [Heep et al. 2000; Wang

et al. 2000].

Current European and American guidelines

recommend a combination of proton-pump-inhi-

bitor (PPI), clarithromycin, and amoxicillin or

metronidazole for 7�14 days in first-line therapy.

Furthermore, a sequential treatment containing

PPI plus amoxicillin for 5 days followed by an

additional 5 days of a PPI, clarithromycin, and

metronidazole/tinidazole is suggested as an alter-

native although most available data were col-

lected in Italy where the rates for clarithromycin

resistance are relatively high. Another option in

first-line therapy is a quadruple therapy consist-

ing of a PPI, amoxicillin, clarithromycin, and

metronidazole [Chey and Wong, 2007;

Malfertheiner et al. 2007].

The bismuth-based quadruple therapy contain-

ing a PPI or ranitidine, bismuth subsalicylate,

metronidazole, and tetracycline is partially also

recommended in first-line and second-line treat-

ment for at least 10 days. However, the bismuth

component is not available in many countries and

the rate of side effects is relatively high [Chey and

Wong, 2007; Malfertheiner et al. 2007].

Another possibility in second-line therapy is a

combination of a quinolone and amoxicillin.

For third-line treatment, a combination of

http://tag.sagepub.com 103

Therapeutic Advances in Gastroenterology Review

Ther Adv Gastroenterol

(2011) 4(2) 103�114

DOI: 10.1177/
1756283X10384171

! The Author(s), 2010.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
Stephan Miehlke, MD
Medical Department I,
University Hospital Carl
Gustav Carus, Technical
University Dresden,
Fetscherstr. 74, 01307
Dresden Germany
stephan.miehlke@
uniklinikum-dresden.de

Marco Berning, MD
Susanne Krasz, MD
Medical Department I,
University Hospital Carl
Gustav Carus, Technical
University Dresden,
Germany



rifabutin and amoxicillin is suggested. In general,

susceptibility testing is strongly recommended

after second therapy failure [Fischbach et al.

2009].

Quinolones in H. pylori eradication therapy
New generations of quinolones, like levofloxacin

and moxifloxacin, with broad-spectrum activity

against Gram-positive and Gram-negative bacte-

ria are mainly used in infections of the respiratory

and urogenital tract. The increasing use of quin-

olones in different countries is probably respon-

sible for the rising resistance to these antibiotics

of different classes of bacteria, including H. pylori

[Glocker et al. 2007]. In H. pylori, single point

mutations in the gyrA gene, the quinolone

resistance-determining region, cause resistance

to this class of antibiotics [Tankovic et al. 2003].

Cross-resistance between various quinolones was

found in several studies [Wang et al. 2010;

Bogaerts et al. 2006]. Although minimal inhibi-

tory concentrations vary between the different

generations, strains were still considered as resis-

tant for all quinolones [Cattoir et al. 2007;

Tankovic et al. 2003].

In Germany, the rate for quinolone-resistant

H. pylori is about 10%, rising to 17% after previ-

ous treatment failures [Glocker et al. 2007].

Similar figures have recently been reported from

other countries such as the UK [Chisholm and

Owen, 2009], Italy [Romano et al. 2008], Japan

[Miyachi et al. 2006], and Taiwan [Hung et al.

2009].

Quinolones are well-tolerated antibiotics with

mainly mild adverse effects, like reactions of the

gastrointestinal tract, the central nervous system,

and the skin. Rare serious side effects are photo-

toxicity, cardiotoxicity, arthropathy, and tendini-

tis; they often lead to serious tolerability

problems [De Sarro and De Sarro, 2001].

Fluoroquinolone use was found to be a risk factor

for Clostridium difficile-associated diarrhea

(CDAD) [Mera et al. 2010; McCusker et al.

2003]. It is still under discussion whether this

association may only reflect the wide use of quin-

olones in patients predisposed for the occurrence

of CDAD because of other reasons (age, comor-

bidity, etc.) [Deshpande et al. 2008].

In vitro experiments showed good antimicrobial

activity for new fluoroquinolones such as

levofloxacin and moxifloxacin [Bauernfeind,

1997] against a variety of Gram-positive and

Gram-negative organisms including H. pylori,

which were resistant to the established

antibiotics.

A study from India showed an eradication suc-

cess of up to 77% for a 2-week dual therapy with

PPI and norfloxacin [Gupta et al. 1997]. Another

Indian study compared three different regimens,

containing a PPI, secnidazole, a nitroimidazole,

and clarithromycin, amoxicillin or pefloxacin, an

analog of norfloxacin not approved by the Food

and Drug Administration. The combination with

pefloxacin achieved an eradication success of

71% [Ahuja et al. 1998].

The first study on a levofloxacin-containing triple

therapy in H. pylori first-line therapy by

Cammarota and colleagues showed more prom-

ising results [Cammarota et al. 2000]. First data

on second-line treatment were published by

Wong and colleagues comparing a combination

of a PPI, levofloxacin, and rifabutin with bis-

muth-containing quadruple therapy achieving

high eradication rates in both groups of 92%

and 91% [Wong et al. 2003].

Several studies on levofloxacin in second-line

treatment followed, mostly randomized con-

trolled trials, also comparing a levofloxacin-

based regimen with the guideline-recommended

second-line quadruple therapy. In the majority of

these studies, levofloxacin 500 mg/day was

administered in combination with a PPI and

amoxicillin for either 7 or 10 days.

A meta-analysis by Gisbert and Morena showed

an overall H. pylori eradication rate for the levo-

floxacin-based therapies of 81% (95% confidence

interval (CI): 78�85%) versus 70% (95% CI:

66�74%) with the quadruple regimen, a differ-

ence of statistical significance [Gisbert and

Morena, 2006]. Eradication rates of a levofloxa-

cin-based regimen with a treatment duration of

10 days were higher than those of a 7-day treat-

ment course (81% [95% CI: 78�84%] for 10

days versus 73% [95% CI: 68�79%] for 7 days

of treatment; p< 0.01). Overall side effects of

levofloxacin-based triple therapies appeared in

19% (95% CI: 15�22%) versus 44% (95% CI:

40�49%) of the patients receiving a bismuth-

based quadruple therapy. Regarding severe

adverse effects, a higher incidence in the quadru-

ple regimen was also noticeable (0.8% versus
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8.4%; 95% CI: 0.06�0.67). The meta-analysis

showed no difference in side effects between a

levofloxacin-based treatment of 7 or 10 days

duration [Gisbert and Morena, 2006]. Similar

results were reported in a second meta-analysis

[Saad et al. 2006]. Later clinical studies would

further confirm these figures [Di Caro et al.

2009; Gisbert et al. 2008].

The new fluoroquinolone moxifloxacin was not

launched until 1999 for the treatment of respira-

tory tract infections with a comparable antibac-

terial spectrum as levofloxacin but with fewer

phototoxic and central nervous system-excitatory

effects [De Sarro and De Sarro, 2001]. In early

studies, promising eradication rates of about 90%

in the first-line therapy of H. pylori were reported

[Nista et al. 2005; Di Caro et al. 2002a].

Data on moxifloxacin-containing second-line

therapy are rare. First studies were published by

a Korean group, first comparing a triple therapy

containing moxifloxacin 400 mg/day, amoxicillin,

and a PPI with a bismuth-based quadruple ther-

apy, both for 7 days. Eradication rates were

75.6% with the moxifloxacin triple therapy, and

54.5% with the quadruple therapy by intention-

to-treat (ITT) analysis. In a second study, both

regimens were extended to 10 days (moxiflox-

acin-based triple) and 14 days (quadruple ther-

apy), achieving eradication rates of 72% in both

groups. In both studies, the moxifloxacin regi-

men was superior in terms of side-effect rates

and patient compliance [Kang et al. 2007;

Cheon et al. 2006].

Comparing a moxifloxacin-containing triple ther-

apy plus a PPI and metronidazole with a bismuth-

based quadruple therapy for 7 days, eradication

rates of 73% and 54% were reported from

Croatia [Bago et al. 2009]. In Korea, treatment

success of a second-line triple therapy (moxiflox-

acin, amoxicillin, and esomeprazole) was pro-

spectively observed over a period of 5 years.

Although treatment duration was extended from

7 to 10 days and later to 14 days, eradication rates

declined (2004: 75%; 2005�2006: 72%;

2007�2008: 68% in ITT analysis). That effect

is most likely due to the rapidly increasing prev-

alence of resistance to moxifloxacin of the

enrolled patients in the same period (2004: 6%;

2005�2006: 12%; 2007�2008: 28%) [Yoon et al.

2009]. A study from our group showed an overall

eradication rate of 78% for the combination of a

PPI, moxifloxacin, and rifabutin for 7 days in

rescue therapy of H. pylori infection [Miehlke

et al. 2008]. From a currently ongoing random-

ized multicenter trial, we have recently reported

an eradication rate of 80% and 91% following a

7-day or 14-day treatment, respectively, with

esomeprazole, moxifloxacin, and amoxicillin by

interim analysis [Berning et al. 2009].

Levofloxacin in first-line therapy
The first prospective study with 100 patients

compared two different levofloxacin-containing

triple therapies together with rabeprazole and

either amoxicillin or tinidazole [Cammarota

et al. 2000]. The dosage of levofloxacin was

500 mg once a day. Both groups achieved high

eradication rates with 92% and 90% in ITT anal-

ysis. Only mild adverse side effects occurred in a

low rate in both therapy regimens. Hereafter, the

same group published a study comparing a triple

therapy consisting of levofloxacin, amoxicillin,

and rabeprazole for 7 days with a dual therapy

consisting of levofloxacin and rabeprazole for 5,

7, or 10 days. According to their preliminary

findings, an eradication rate of 90% was reached

for the triple therapy, while the dual therapies did

not achieve acceptable eradication rates

(50�70%), irrespective of the therapy extension

[Di Caro et al. 2002b]. This study was followed

by a large randomized trial with 300 patients who

were treated with either a standard therapy, con-

sisting of a PPI, clarithromycin, metronidazol, or

amoxicillin, or a levofloxacin-containing triple

therapy, this time combined with clarithromycin.

Again, a high eradication rate of 87% in the levo-

floxacin-containing therapy was achieved, signif-

icantly higher than the standard regimens with

eradication rates of 72% and 75% [Nista et al.

2006].

Another Italian group could not achieve similar

eradication rates in a study comparing a triple

therapy containing levofloxacin, azithromycin,

and a PPI with a standard triple therapy with

amoxicillin, clarithromycin, and a PPI. Here,

both regimens lead to eradication rates of 65%

in ITT analysis, whereas the tolerability was sig-

nificantly higher for the levofloxacin-containing

therapy [Iacopini et al. 2005].

A study from Germany randomized 61 patients

to either levofloxacin, amoxicillin, and esomepra-

zole or a standard triple therapy. Levofloxacin

was prescribed in a higher dosage of

2� 500 mg. The eradication rate was 87% after

levofloxacin triple therapy and 84% following

M Berning, S Krasz et al.
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standard triple therapy. Of interest, antibiotic

susceptibility testing was performed prior to

enrollment. In three patients treated with levo-

floxacin triple therapy, a double resistance of

H. pylori to clarithromycin and metronidazole

was found. A single resistance of H. pylori to

clarithromycin was found in another two

patients. All five patients were treated success-

fully with the study regimen. This suggests that

a resistance to clarithromycin and metronidazole

seems not to affect the efficacy of levofloxacin

triple therapy. A pretreatment levofloxacin resis-

tance was found in two patients (3%), one in

each group. The eradication therapy succeeded

in both patients [Antos et al. 2006].

An Italian study with 130 patients compared a

triple therapy containing levofloxacin

(2� 250 mg) and amoxicillin with standard

triple therapy containing clarithromycin and

amoxicillin. By ITT analysis, eradication rates

of 91% for the levofloxacin triple regimen and

77% for the standard therapy were achieved.

Unfortunately, no specifications about the local

resistance situation were applied [Rispo et al.

2007].

In 2007 and 2009 Gisbert and colleagues from

Spain published two prospective uncontrolled

studies with 64 and 75 patients, respectively,

evaluating the combination of levofloxacin

2� 500 mg and amoxicillin together with raniti-

dine bismuth citrate or a PPI for 10 days.

Eradication rates in both studies were similar at

84% and 83%. Both combinations were tolerated

well. Based on a previous study in the same geo-

graphical area, the authors assumed for this

patient population a low resistance rate to quin-

olones of about 6% [Gisbert et al. 2009, 2007].

In a recently published study, the same group

compared two triple therapies containing levo-

floxacin or clarithromycin with another two

sequential regimens also containing levofloxacin

or clarithromycin. The standard regimen with a

low ITT eradication rate of 64% was inferior to

the levofloxacin-containing triple therapy as well

as to both sequential regimens, most likely due to

a high resistance rate to clarithromycin and met-

ronidazole in this population. Unfortunately, no

pretreatment susceptibility testing was available.

The eradication rate for the combination of levo-

floxacin, amoxicillin, and omeprazole for 10 days

was reported to be 83%, just as in the sequential

regimen omeprazole, amoxicillin for 5 days, fol-

lowed by omeprazole, levofloxacin, and

metronidazole for another 5 days [Molina-

Infante et al. 2010].

A prospective study with 123 patients from

The Netherlands, treating in first-, second and

third-line, achieved very high eradication rates

of 96% and 93% for levofloxacin-containing

(2� 500 mg) triple therapies together with amox-

icillin or clarithomycin in the first-line subpopu-

lation. As a possible reason for the high cure rate,

the authors presumed a low quinolone resistance

in The Netherlands because of a lower use of

quinolones compared with other countries

[Schrauwen et al. 2009].

A large crossover multicenter trial from Taiwan,

which compared a standard triple therapy with a

triple regimen containing levofloxacin and amox-

icillin, showed an advantage for the standard triple

therapy (84% versus 74%) in a population with

low resistance to clarithromycin and levofloxacin

(both <10%). After unsuccessful treatment,

patients were retreated in a crossover fashion for

10 days. In this case, the strategy starting with the

standard triple therapy and, if required, retreating

with the levofloxacin-containing triple regimen

was superior compared with the reverse approach

(93% versus 85% overall eradication success in

ITT) [Liou et al. 2010].

Moxifloxacin in first-line therapy
Data about moxifloxacin in the first-line treat-

ment of H. pylori arise mainly from Italy with

mostly good eradication rates. The first study

was published in 2002 by Di Caro and colleagues

who treated a total of 120 patients with either

moxifloxacin alone, lansoprazole and moxifloxa-

cin, or lansoprazole, moxifloxacin, and clarithro-

mycin for 1 week. In the triple combination, an

eradication rate of 90% could be achieved, while

the other groups reached much lower eradication

rates [Di Caro et al. 2002a].

In 2005, the same group compared two different

moxifloxacin-containing triple therapies

(esomeprazoleþmoxifloxacinþ amoxicillin and

esomeprazoleþmoxifloxacinþ tinidazole) with

respective clarithromycin-containing therapies.

Eradication rates of about 88�90% were

obtained in the moxifloxacin-containing regi-

mens, while the regimens including clarithromy-

cin succeeded in only 73�75% of patients.

In both single-center randomized studies, treat-

ment duration was 7 days, moxifloxacin dosage

400 mg/day [Nista et al. 2005].
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Similar findings were reported by a Croatian

group using the same moxifloxacin dosage and

treatment duration. In a randomized controlled

trial with 128 patients, PPI triple therapies con-

taining moxifloxacin and amoxicillin or metroni-

dazol were tested against standard triple

therapies. Moxifloxacin-containing triple thera-

pies showed significantly higher eradication

rates (86�93% versus 70�78%), and were better

tolerated than standard triple therapies contain-

ing clarithromycin. Primary resistance to moxi-

floxacin was found in 5.9% of cases. H. pylori

eradication rates were significantly higher in

patients infected with quinolone-sensitive strains

compared with those infected with quinolone-

resistant strains following PPI triple therapy

with moxifloxacin and amoxicillin (91.1% versus

66.7%), or with moxifloxacin and metronidazole

(98.1% versus 75%) in first-line treatment [Bago

et al. 2007]. Another recent randomized study of

the same group including 150 patients, reported

an ITT eradication rate of 76% and 84% after 7

and 10 days of first-line therapy with lansopra-

zole, moxifloxacin, and amoxicillin, respectively

[Bago et al. 2010]. Again, primary resistance of

H. pylori to moxifloxacin, which was found in 6%

of cases, significantly reduced the eradication

rate (98% and 66% in moxifloxacin-sensitive

and -resistant strains).

Two small Turkish studies showed surprisingly

low eradication rates of 53�67% [Kilic et al.

2008] and 42% [Sezgin et al. 2007] for the com-

bination of a PPI or ranitidine bismuth citrate,

moxifloxacin, and amoxicillin given for 14 days.

However, the authors refer to low eradication

rates for standard triple therapy of about

50�63% in their population. Unfortunately, pre-

treatment resistance rates were not available.

Therefore, the reasons for these low eradication

rates remain unknown, but are likely caused by a

high resistance to antibiotics in the population.

A recent study from Italy compared four different

groups all treated with moxifloxacin, amoxicillin,

and esomeprazole. Three groups were treated

with high-dose moxifloxacin (2�400 mg/day)

for 10, 7 and 5 days, one with 400 mg/day moxi-

floxacin for 10 days. Eradication rates were 90%

for moxifloxacin 2�400 mg/day (10 days)

and 80% for both moxifloxacin 2� 400 mg/day

(7 days) and moxifloxacin 1�400 mg/day

(10 days). Despite a higher dosage of moxiflox-

acin, all groups showed only mild adverse effects

with no statistical difference between the differ-

ent regimens [Sacco et al. 2009].

Discussion
Based on a large body of published clinical trials,

a quinolone-based PPI triple therapy is effective

and safe, and shows similar or better outcome

parameters compared with the standard PPI

first-line therapy. Compared with bismuth-

based quadruple therapy, PPI triple regimens

containing levofloxacin or moxifloxacin are

better tolerated, and more effective if used

for at least 10 days. Treatment duration of 7 or

10 days appears to make no difference with

regard to side effects or patient compliance.

The ‘‘American College of Gastroenterology

Guideline on the Management of Helicobacter

pylori Infection’’ and the German level 3 guide-

line ‘‘Helicobacter pylori and Gastroduodenal

Ulcer Disease’’ both recommend a combination

of PPI, levofloxacin 500 mg/day, or moxifloxacin

400 mg/day, and amoxicillin 2�1 g/day as an

option for second-line treatment [Fischbach

et al. 2009; Chey and Wong, 2007]. The under-

lying data come from numerous studies, mostly

comparing this regimen with the conventional

second-line therapy, a quadruple of PPI, bismuth

subsalicylate, metronidazole, and tetracycline.

An advantage in H. pylori eradication rate and

tolerability was clearly shown [Gisbert and

Morena, 2006]. More data on moxifloxacin or

other fluoroquinolones in second-line anti-H.

pylori treatment has been accumulated more

recently. Similar to the studies involving levoflox-

acin, they show advantages in terms of eradica-

tion and side-effect rates compared with the

bismuth-containing quadruple therapy [Bago

et al. 2009; Kang et al. 2007; Cheon et al. 2006].

So far, a total of about 900 patients from 11 stud-

ies have been treated with different levofloxacin-

containing triple regimen in first-line therapy.

The eradication rates, with the exception of one

study, ranged from 74% to 96% (Table 1).

Similar findings were reported for moxifloxacin

in first-line therapy (Table 2) [Bago et al. 2010;

Sacco et al. 2009; Kilic et al. 2008; Bago et al.

2007; Sezgin et al. 2007; Nista et al. 2005;

Di Caro et al. 2002a].

Is this enough data to recommend a quinolone-

based triple therapy in first-line therapy of

H. pylori infection? As mentioned before, primary

quinolone resistance in H. pylori is reported to be

M Berning, S Krasz et al.
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Table 1. Levofloxacin-based first-line treatment regimens in H. pylori infection.

First author
Year

Study
design

Patients
(n)

Regimens Treatment
duration
(days)

Eradication
rates,
intention to
treat (%) (n)

Side
effects
(%)

Cammarota
[2000]

Prospective
randomized

100 RAB 20 mg od, LEV 500 mg od,
AMO 1000 mg bid

7 92 (46/50) 8

RAB 20 mg od, LEV 500 mg od, TIN 500 mg bid 90 (45/50) 10

Di Caro et al. Prospective 160 RAB 20 mg od, LEV 500 mg od 5 50 (20/40) 0
[2002b] randomized RAB 20 mg od, LEV 500 mg od 7 70 (28/40) 0

RAB 20 mg od, LEV 500 mg od 10 65 (26/40) 15
RAB 20 mg od, LEV 500 mg od,

AMO 1000 mg bid
7 90 (36/40) 30

Iacopini [2005] Prospective 164 ESO 20 mg od, LEV 500 mg od, AZI 500 mg od 7 65 (54/83) 12
randomized ESO 20 mg bid, CLA 500 mg bid,

AMO 1000 mg bid
7 65 (53/81) 30

Nista [2006] Prospective
randomized

300 ESO 20 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 75 (75/100) 20

ESO 20 mg bid, CLA 500 mg bid,
MET 500 mg bid

7 72 (72/100) 18

ESO 20 mg bid, CLA 500 mg bid,
LEV 5000 mg bid

7 87 (87/100) 13

Antos [2006] Prospective
randomized

61 ESO 40 mg bid, LEV 500 mg bid,
AMO 1000 mg bid

7 87 (26/30) 52

ESO 20 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 84 (26/31) 41

Gisbert [2007] Prospective 64 RBC 400 mg bid, LEV 500 mg bid,
AMO 1000 mg bid

10 84 (54/64) 10

Rispo [2007] Prospective
randomized

130 ESO 20 mg bid, LEV 250 mg bid,
AMO 1000 mg bid

7 91 (59/65) *

ESO 20 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 77 (50/65)

Schrauwen
[2009]

Prospective 104$ ESO 40 mg bid, LEV 500 mg bid,
AMO 1000 mg bid

7 96 (43/45)$ 29z

ESO 40 mg bid, LEV 500 mg bid,
CLA 500 mg bid

7 93 (55/59)$ 41z

Castro-
Fernández
[2009]

Prospective 135 OME 20 mg bid§, LEV 500 mg bid,
AMO 1000 mg bid

10 72 (97/135) 12

Gisbert [2009] Prospective 75 OME 20 mg bid, LEV 500 mg bid,
AMO 1000 mg bid

10 83 (62/75) 13

Molina-Infante
[2010]

Prospective
randomized

460 OME 20 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

10 64 (74/115) 25

OME 20 mg bid, LEV 500 mg bid,
AMO 1000 mg bid

10 80 (93/115) 27

OME 20 mg bid (1�10),
AMO 1000 mg bid (1�5),

10 77 (88/115) 25

CLA 500 mg bid (6�10), MET 500 mg bid (6�10)
OME 20 mg bid (1�10),

AMO 1000 mg bid (1�5),
10 83 (95/115) 25

LEV 500 mg bid (6�10), MET 500 mg bid (6�10)

Liou [2010] Prospective
randomized

432 LAN 30 mg bid, LEV 750 mg od,
AMO 1000 mg bid

7 74 (161/217) *

LAN 30 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 84 (180/215)

*No data; $only data from first-line therapies; zdata allowing no discrimination between first- and second-line; §or other PPI bid.
AMO, amoxicillin; AZI, azithromycin; bid, twice daily; CLA, clarithromycin; ESO, esomeprazole; LAN, lansoprazole; LEV, levofloxacin; MET, metro-
nidazole; od, once daily; OME, omeprazole; RAB, rabeprazole; RBC, ranitidine bismuth citrate; TIN, tinidazole.
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relatively low in populations where quinolone

consumption is low. Unfortunately, these figures

seem to have increased over the last years [Chang

et al. 2009; Hung et al. 2009; Glocker et al.

2007]. In other countries with high use of

quinolones, a primary resistance of about

20% and higher has already been reported

[Zullo et al. 2007]. Previous quinolone use in

other indications caused an abrupt rise of levo-

floxacin-resistance in H. pylori from 2% in quino-

lone-naı̈ve native Americans to 17% after one

course of quinolone treatment, and up to 60%

after two or more courses [Carothers et al.

2007]. In addition, there appear to be higher

rates of levofloxacin resistance in older patients

[Zullo et al. 2007]. After failure of a levofloxacin-

Table 2. Moxiflocaxin-based first-line treatment regimens in H. pylori infection.

First author Year Study design Patients
(n)

Regimens Treatment
duration
(days)

Eradication
rate, intention
to treat
(%) (n)

Side
effects
(%)

Di Caro et al. [2002a] Prospective 120 MOX 400 mg od 7 23 (9/40) 8
randomized LAN 30 mg od, MOX 400 mg od 7 33 (13/40) 13

LAN 30 mg od, MOX 400 mg od,
CLA 500 mg bid

7 90 (36/40) 13

Nista [2005] Prospective
randomized

320 ESO 20 mg bd, MOX 400 mg od,
AMO 1000 mg bid

7 88 (70/80) 13

ESO 20 mg bid, MOX 400 mg od,
TIN 500 mg bid

7 90 (72/80) 14

ESO 20 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 73 (58/80) 33

ESO 20 mg bid, CLA 500 mg bid,
TIN 500 mg bid

7 75 (60/80) 36

Bago [2007] Prospective
randomized

277 LAN 30 mg bid, MOX 400 mg od,
MET 400 mg bid

7 94 (58/62) 8

LAN 30 mg bid, MOX 400 mg od,
AMO 1000 mg bid

7 86 (57/66) 5

LAN 30 mg bid, CLA 500 mg bid,
MET 400 mg bid

7 70 (50/71) 18

LAN 30 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

7 78 (61/78) 9

Sezgin [2007] Prospective 71 PAN 40 mg bid, MOX 400 mg od,
AMO 1000 mg bid

14 42 (30/71) 30

Kilic [2008] Prospective
randomized

120 RBC 400 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

14 77 (23/30) 37

RBC 400 mg bid, MOX 400 mg od,
AMO 1000 mg bid

14 67 (20/30) 42

ESO 40 mg bid, CLA 500 mg bid,
AMO 1000 mg bid

14 63 (19/30) 57

ESO 40 mg bid, MOX 400 mg od,
AMO 1000 mg bid

14 53 (16/30) 70

Sacco [2009] Prospective
randomized

399 ESO 20 mg bid, MOX 400 mg bid,
AMO 1000 mg bid

10 90 (85/94) 12

ESO 20 mg bid, MOX 400 mg bid,
AMO 1000 mg bid

7 80 (82/102) 16

ESO 20 mg bid, MOX 400 mg bid,
AMO 1000 mg bid

5 71 (70/98) 12

ESO 20 mg bid, MOX 400 mg od,
AMO 1000 mg bid

10 80 (84/105) 13

Bago [2010] Prospective
randomized

150 LAN 30 mg bid, MOX 400 mg od,
AMO 1000 mg bid

7 76 (57/75) 15

LAN 30 mg bid, MOX 400 mg od,
AMO 1000 mg bid

10 84 (63/75) 24

*No data.
AMO, amoxicillin; bid, twice daily; CLA, clarithromycin; ESO, esomeprazole; LAN, lansoprazole; MET, metronidazole; MOX, moxifloxacin; od, once
daily; PAN, pantoprazole; RBC, ranitidine bismuth citrate; TIN, tinidazole.
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based eradication therapy, levofloxacin resistance

rates increased to 30%. Unfortunately, failure of

classical first-line regimens not containing quin-

olones did also increase the rate of levofloxacin

resistance [Romano et al. 2008; Glocker et al.

2007; Perna et al. 2007].

The impact of primary quinolone resistance on

the efficacy of quinolone-containing first-line

therapy has not been thoroughly investigated so

far. An Italian study with 40 patients receiving a

second-line treatment with a PPI, levofloxacin,

and amoxicillin showed a much lower eradication

rate in quinolone-resistant strains (75% versus

33.3%; p¼0.074) in a population with 30% of

patients infected by levofloxacin-resistant strains

[Perna et al. 2007]. Gatta and colleagues

reported an eradication rate of 55.5% (10 out

of 18 patients with known levofloxacin resistance,

mostly multi-resistant also to clarithromycin and

metronidazole) [Gatta et al. 2005]. On the other

hand, another Italian study investigating the

benefit of susceptibility test-driven therapy in

first- and second-line levofloxacin-based eradica-

tion therapy demonstrated cure rates of over 90%

in first-line therapy for tailored therapy regimen

as well as for empirical therapy. In second-line

therapy, there was a significant difference favor-

ing the susceptibility test-driven therapy (97%

versus 81%; p<0.01). The resistance rate for

levofloxacin was 10% for patients who had

never received an H. pylori treatment before and

12% after one failure [Marzio et al. 2006]. The

eradication success of levofloxacin-based triple

therapy seems not to be affected by clarithromy-

cin and/or metronidazole resistance [Antos et al.

2006; Gatta et al. 2005; Bilardi et al. 2004]. A

recent study from Croatia including 150 patients

with primary quinolone resistance (6%) demon-

strated a significant reduction of eradication suc-

cess of moxifloxacin-containing PPI triple

therapy in patients infected with quinolone-resis-

tant H. pylori strains (66% versus 98%) [Bago

et al. 2010].

Therefore, in populations with clarithromycin

resistance greater than 15�20% and low quino-

lone resistance rates, a PPI triple therapy with

levofloxacin or moxifloxacin might be consid-

ered. For this strategy, an acceptable threshold

of 10% for quinolone resistance is currently

being discussed [Gisbert et al. 2007; Marzio

et al. 2006]. This seems to be a reasonable sug-

gestion at present, since most of the studies in

first-line, quinolone-based therapy have been

performed in populations with quinolone resis-

tance lower than 10%. That again points out

the importance of permanent surveillance of

quinolone resistance within a given population

in order to adapt recommendations appropri-

ately. Patients who have been previously exposed

to quinolones in other indications should not be

treated with quinolone-containing eradication

regimens.

For quinolone-containing PPI triple therapy, a

treatment duration of 10 days showed an advan-

tage over 7 days in second-line or rescue regimen

[Gisbert and Morena, 2006], but for first-line

treatment of H. pylori infection there is not

enough evidence. Most of the studies were per-

formed with a treatment duration of only 7 days

(Table 1), suggesting this to be sufficient. So far,

in second-line treatment, no difference in eradi-

cation success was demonstrated with a levoflox-

acin dosage of 500 mg/day versus 250 mg twice a

day [Saad et al. 2006], as well as with levofloxacin

500 mg/day versus 500 mg twice a day [Di Caro

et al. 2009]. Again, in first-line treatment similar

data do not exist, so that a single levofloxacin

dose of 500 mg/day according to second-line

guideline recommendations can currently be

considered optimal.

At present, the combination of levofloxacin/

moxifloxcin and amoxicillin should be preferred

over clarithromycin, since most data were pub-

lished on an amoxicillin-containing PPI triple

regimen. Such a combination should also be

favored because of the extremely low rates of

first and secondary resistance to amoxicillin. In

the special case of patients with intolerance to

penicillin, a PPI triple therapy containing a quin-

olone and rifabutin could be an alternative

[Gisbert et al. 2010, 2006].

Both sequential regimens with standard

antibiotics and concomitant nonbismuth quadru-

ple therapies have shown promising results in

first-line therapy of H. pylori infection providing

eradication rates of 90% and higher [Essa et al.

2009; Jafri et al. 2008]. Therefore, these regimens

are currently recommended as valuable alterna-

tives for first-line therapy by the German guide-

lines [Fischbach et al. 2009]. A recent study from

Spain, however, could not confirm a benefit of a

sequential regimen containing levofloxacin com-

pared with a levofloxacin triple therapy or con-

ventional sequential therapy [Molina-Infante

et al. 2010]. Thus, a sequential regimen
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containing levofloxacin cannot be recommended

at the moment.

In summary, large randomized controlled trials

are certainly needed to explore further the role

of quinolones in first-line treatment, especially in

times of increasing resistance to quinolones in

H. pylori infection. The relationship between pri-

mary quinolone resistance and eradication suc-

cess as well as the development of secondary

resistance after treatment failure deserves perma-

nent attention.

Conclusion
A quinolone-based triple therapy is a safe and

well-tolerated option in anti-H. pylori therapy.

In second-line or rescue treatment, the combina-

tion of a PPI, levofloxacin or moxifloxacin, and

amoxicillin is a valid option, especially in coun-

tries where bismuth salts are unavailable. In first-

line therapy, a quinolone-based triple therapy can

not generally be recommended at the moment.

However, under specific circumstances this com-

bination might be considered as an individual

first-line treatment option. Thus, in a population

with low primary quinolone resistance and high

primary clarithromycin resistance, a PPI triple

therapy with levofloxacin or moxifloxacin, and

amoxicillin for 7�10 days could be a valuable

alternative, especially in quinolone- naı̈ve

patients.
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Pabón, M., Aparcero, R., Vargas-Romero, J. et al.
(2009) Efficacy of triple therapy with a proton pump
inhibitor, levofloxacin, and amoxicillin as first-line
treatment to eradicate. Helicobacter pylori. Rev Esp
Enferm Dig 101: 395�398.

Cattoir, V., Nectoux, J., Lascols, C., Deforges, L.,
Delchier, J.C., Megraud, F. et al. (2007) Update on
fluoroquinolone resistance in Helicobacter pylori: New
mutations leading to resistance and first description of

M Berning, S Krasz et al.

http://tag.sagepub.com 111



a gyrA polymorphism associated with hypersuscept-
ibility. Int J Antimicrob Agents 29: 389�396.

Chang, W.L., Sheu, B.S., Cheng, H.C., Yang, Y.J.,
Yang, H.B. and Wu, J.J. (2009) Resistance to metro-
nidazole, clarithromycin and levofloxacin of
Helicobacter pylori before and after clarithromycin-
based therapy in Taiwan. J Gastroenterol Hepatol
24: 1230�1235.

Cheon, J.H., Kim, N., Lee, D.H., Kim, J.M., Kim, J.S.,
Jung, H.C. et al. (2006) Efficacy of moxifloxacin-based
triple therapy as second-line treatment for Helicobacter
pylori infection. Helicobacter 11: 46�51.

Chey, W.D. and Wong, B.C. (2007) American College
of Gastroenterology guideline on the management of
Helicobacter pylori infection. Am J Gastroenterol
102: 1808�1825.

Chisholm, S.A. and Owen, R.J. (2009) Frequency
and molecular characteristics of ciprofloxacin-
and rifampicin-resistant Helicobacter pylori from
gastric infections in the UK. J Med Microbiol
58: 1322�1328.

Della Monica, P., Lavagna, A., Masoero, G.,
Lombardo, L., Crocella, L. and Pera, A. (2002)
Effectiveness of Helicobacter pylori eradication treat-
ments in a primary care setting in Italy. Aliment
Pharmacol Ther 16: 1269�1275.

De Sarro, A. and De Sarro, G. (2001) Adverse reac-
tions to fluoroquinolones. An overview on mechanistic
aspects. Curr Med Chem 8: 371�384.

Deshpande, A., Pant, C., Jain, A., Fraser, T.G. and
Rolston, D.D. (2008) Do fluoroquinolones predispose
patients to Clostridium difficile associated disease? A
review of the evidence. Curr Med Res Opin
24: 329�333.

Di Caro, S., Franceschi, F., Mariani, A., Thompson,
F., Raimondo, D., Masci, E. et al. (2009) Second-line
levofloxacin-based triple schemes for Helicobacter pylori
eradication. Dig Liver Dis 41: 480�485.

Di Caro, S., Ojetti, V., Zocco, M.A., Cremonini, F.,
Bartolozzi, F., Candelli, M. et al. (2002a) Mono, dual
and triple moxifloxacin-based therapies for Helicobacter
pylori eradication. Aliment Pharmacol Ther
16: 527�532.

Di Caro, S., Zocco, M.A., Cremonini, F., Candelli,
M., Nista, E.C. and Bartolozzi, F. (2002b)
Levofloxacin based regimens for the eradication of
Helicobacter pylori. Eur J Gastroenterol Hepatol
14: 1309�1312.

Essa, A.S., Kramer, J.R., Graham, D.Y. and Treiber,
G. (2009) Meta-analysis: Four-drug, three-antibiotic,
non-bismuth-containing ‘concomitant therapy’ versus
triple therapy for Helicobacter pylori eradication.
Helicobacter 14: 109�118.

Fennerty, M.B., Lieberman, D.A., Vakil, N., Magaret,
N., Faigel, D.O. and Helfand, M. (1999) Effectiveness
of Helicobacter pylori therapies in a clinical practice
setting. Arch Intern Med 159: 1562�1566.

Fischbach, W., Malfertheiner, P., Hoffmann, J.C.,
Bolten, W., Bornschein, J., Götze, O. et al. (2009)
S3-guideline ‘helicobacter pylori and gastroduodenal
ulcer disease’ of the German Society for Digestive and
Metabolic Diseases (DGVS) in cooperation with the
German Society for Hygiene and Microbiology,
Society for Pediatric Gastroenterology and Nutrition e.
V., German Society for Rheumatology. Z Gastroenterol
47: 1230�1263.

Gatta, L., Zullo, A., Perna, F., Ricci, C., De
Francesco, V., Tampieri, A. et al. (2005) A 10-day
levofloxacin-based triple therapy in patients who have
failed two eradication courses. Aliment Pharmacol Ther
22: 45�49.

Gisbert, J.P., Bermejo, F., Castro-Fernández, M.,
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