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Sitafloxacin Activity against Helicobacter pylori Isolates, Including
Those with gyrA Mutations�
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Sitafloxacin showed MICs of less than or equal to 0.5 �g/ml against 105 isolates of Helicobacter pylori,
including 44 isolates with mutations in the gyrA gene. The highest MICs for garenoxacin and levofloxacin were
8 and 64 times, respectively, higher than the highest MICs observed for sitafloxacin.

The guidelines for the management and treatment of Heli-
cobacter pylori infections established by the European Helico-
bacter Study Group Third Masstricht Consensus Report
recommend an eradication antimicrobial chemotherapy con-
sisting of amoxicillin, clarithromycin, and a proton pump in-
hibitor alone or in combination with metronidazole and cla-
rithromycin (10). On the other hand, a trend toward increased
clarithromycin resistance in Japan has been reported (8); fur-
thermore, high metronidazole resistance rates associated with
H. pylori eradication failure have been seen in the United
States, Europe, and Asia with the exception of Japan (11). In
the search for alternative eradication treatment regimens, it
has been recently reported in the United States and Europe
that levofloxacin may be efficacious in H. pylori eradication
therapy (7, 13). At the same time, the increased use of levo-
floxacin-based eradication regimens has led to increasing re-
sistance to levofloxacin in H. pylori as a result of mutations in
the quinolone resistance-determining region (QRDR) of the
gyrA gene correlating with the decreased effectiveness of levo-
floxacin in eradication regimens (16). Sitafloxacin is a recently
developed fluoroquinolone with wide-spectrum activity, rang-
ing from gram-positive cocci to gram-negative bacilli (1, 15).
We studied the effect of mutations in the gyrA gene and its
impact on the antimicrobial activity of sitafloxacin in H. pylori.

(This study was presented at the 48th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, Washing-
ton, DC, 25 to 28 October 2008.)

A total of 105 H. pylori isolates were recovered from the
gastric mucosa of patients presenting with gastroduodenal dis-
eases in health care facilities in Japan between 2004 and 2005.
Of the 105 patients, 57 (54.3%) were males and 48 (45.7%)
were females, and the average age was 57.9 years (range in age
from 21 to 84). None of the patients had previously undergone
eradication therapy. The spectrum of peptic ulcers included 39
(37.1%) cases of chronic gastritis, 21 (20.0%) gastric ulcers, 18

(17.1%) duodenal ulcers, 9 (8.6%) gastric cancers, 8 (7.6%)
gastroduodenal ulcers, and 10 (9.5%) cases with other causes
or an unspecified diagnosis. Only one isolate per patient was
included among the 105 isolates.

Susceptibilities to sitafloxacin (Daiichi Sankyo, Japan),
garenoxacin [a novel des-fluoro(6)quinolone (Astellas, Japan)
(6)], and levofloxacin (Daiichi Sankyo, Japan) were deter-
mined by agar dilution method according to CLSI guidelines
by using drugs with known potency (4, 5). The agar dilution
method was performed by serial twofold dilution on Mueller-
Hinton agar (Becton Dickinson, MD) with 5% sheep blood
using 1 to 3 �l of a McFarland 2.0-adjusted inoculum and
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TABLE 1. Genetic characteristics of Helicobacter pylori isolates
in this study

Strain and no. of isolates
Amino acid substitution at position:

87 91 Other

Strains with wild-type gyrA
61 Asn Asp

Strains with gyrA mutations at
Asn87 (n � 14)

11 Lys Asp
2 Lys Asp Asp143Glu
1 Ile Asp

Strains with gyrA mutations at
Asp91 (n � 25)

9 Asn Gly
1 Asn Gly Asp145Gly
5 Asn Asn
2 Asn Asn Asp143Glu
6 Asn Tyr
1 Asn Tyr Ala97Val
1 Asn Tyr Ala129Val

Strains with gyrA mutations in
other regions (n � 5)

1 Asn Asp Thr62Ile
1 Asn Asp Asp99Val
1 Asn Asp Arg130Lys
1 Asn Asp Asp143Glu
1 Asn Asp Lys158Arg
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incubation at 35 � 2°C for 72 h under microaerophilic condi-
tions. For quality control, H. pylori ATCC 43504 was tested
with each run.

PCR amplification and sequence analysis of the QRDR of gyrA
was performed as previously described by Nishizawa et al. (12).
The specific primers used for amplification were GYRA-F (5�-T
TTRGCTTATTCMATGAGCGT-3�) and GYRA-R (5�-GCAG
ACGGCTTGGTARAATA-3�). For sequencing, the ABI Prism
3130xl genetic analyzer (Perkin-Elmer, ABI, CA) was used. Se-
quences were compared to that of the H. pylori wild-type strain
(GenBank accession no. L29481).

Forty-four of the 105 H. pylori isolates exhibited mutations in
the gyrA gene (Table 1). Mutations at Asn87 were observed in
14 isolates, while mutations were seen at Asp91 in 25 isolates.
The remaining five isolates had mutations in other regions.
Table 2 shows the effect of changes in the gyrA gene in the
QRDR and its effect on the MICs of sitafloxacin, garenoxacin,

and levofloxacin. Mutations involving Asn87 resulted in a shift
to higher MIC levels of the drugs than mutations in other
regions. Sitafloxacin demonstrated the narrowest MIC distri-
bution with a MIC of �0.5 �g/ml against all isolates. In con-
trast, the highest MICs for garenoxacin and levofloxacin were
8 and 64 times, respectively, higher than the highest MIC
observed for sitafloxacin. A scattergram depicting sitafloxacin
MICs versus levofloxacin or garenoxacin MICs for 105 isolates
with or without gyrA mutations is shown in Fig. 1. From the
scattergram, the increase in garenoxacin and levofloxacin
MICs relative to the sitafloxacin MICs is observed. With re-
spect to levofloxacin-resistant isolates with MICs ranging from
2 to 32 �g/ml, garenoxacin and sitafloxacin demonstrated
MICs ranging from 0.125 to 4 �g/ml and �0.015 to 0.5 �g/ml,
respectively.

In recent years, the increased resistance to clarithromycin
and metronidazole of H. pylori has led to the inclusion of
fluoroquinolones in eradication therapy in light of their mini-
mal side effects and improved eradication rates (7, 13). How-
ever, resistance to a fluoroquinolone as a result of mutations in
gyrA has been reported (12). Furthermore, a significant reduc-
tion in eradication effectiveness was observed when levofloxa-
cin was used against H. pylori isolates exhibiting gyrA mutations
compared to H. pylori isolates with no mutations in gyrA (16).
Nishizawa et al. found elevated MICs to gatifloxacin along with
mutations in gyrA in 47.9% of the isolates recovered from
patients who had failed H. pylori eradication therapy (12).

We observed that 41 (39%) of the H. pylori isolates recov-
ered from patients prior to undergoing their first eradication
regimen already showed resistance to levofloxacin based on a
breakpoint of �1 �g/ml (2). The rate of resistance to levo-
floxacin we observed was considerably higher than the figure
found in the American College of Gastroenterology Guideline

TABLE 2. Correlation of quinolone MICs with gyrA mutations for
105 Helicobacter pylori isolates

Agent gyrA
mutation

No. of
isolates MIC range MIC50 MIC90

Sitafloxacin Asn87 14 0.03–0.5 0.25 0.5
Asp91 25 �0.015–0.25 0.12 0.25
Other 5 �0.015–0.12
None 61 �0.015–0.06 0.03 0.03

Garenoxacin Asn87 14 0.12–4 0.5 1
Asp91 25 0.12–2 0.5 1
Other 5 �0.015–0.5
None 61 �0.015–0.25 0.03 0.06

Levofloxacin Asn87 14 4–32 8 16
Asp91 25 2–8 4 8
Other 5 0.12–4
None 61 0.12–2 0.25 0.25

FIG. 1. Scattergram of sitafloxacin MICs versus levofloxacin or garenoxacin MICs for 105 Helicobacter pylori isolates. The red and black
numbers indicate the frequency of isolates with and without gyrA mutations, respectively.
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(3). The prevalence of levofloxacin-resistant H. pylori may be
associated with the increasing use of fluoroquinolones in clin-
ical practice for many indications in Japan since the 1980s.
There was little difference observed in the rate of resistance to
clarithromycin between levofloxacin-resistant (14/41 [34%])
and -susceptible isolates (20/64 [31%]) in this study (data not
shown). Compared to data generated in southeast Asia and
Europe (9, 14), the prevalence of metronidazole-resistant iso-
lates observed in our study was lower (5/105 [4.8%]). Two of
the five isolates were resistant to levofloxacin.

Bogaerts et al. has previously reported that two amino acid
substitutions due to mutations in gyrA elevated MICs to levo-
floxacin, ciprofloxacin, and moxifloxacin (2). While we did not
observe H. pylori isolates with mutations in both Asn87 and
Asp91, there is a need for continued surveillance for the emer-
gence of high resistance in Japan in light of the high use of
fluoroquinolones.

In this study, we observed the superior antibacterial activity
of sitafloxacin against H. pylori compared to that of levofloxa-
cin and garenoxacin even in the presence of mutations in gyrA.
With respect to other organisms, sitafloxacin has been re-
ported to have high affinity to DNA gyrase and topoisomerase
IV along with superior antibacterial activity (1). As H. pylori
lacks the topoisomerase IV enzyme, the high affinity of sita-
floxacin to DNA gyrase may account for its lower MIC against
H. pylori. Our report is the first to demonstrate the antibacte-
rial activity of sitafloxacin against H. pylori isolates with gyrA
mutations. Based on sitafloxacin’s superior antibacterial activ-
ity, clinical trials of second- or third-line eradication therapy
including sitafloxacin are warranted.
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