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Helicobacter pylori strains with reduced susceptibility to fluoroquinolones have a mutation at either codon 87
Asn or 91 Asp of the gyrA gene. A rapid test based on an allele-specific PCR (AS-PCR) was designed to detect
the gyrA mutations. Clinical H. pylori isolates were obtained from the stomachs of 51 patients with H. pylori
infections who showed treatment failure. The MICs of gatifloxacin (GAT) were determined by the agar dilution
method. Identical genotyping results were obtained with AS-PCR and conventional PCR. The gyrA mutations
of H. pylori causing reduced susceptibility to fluoroquinolones could be detected successfully by this method.
A significant association was observed between the presence of mutations, as detected by AS-PCR, and the
resistance of the strains to GAT. Moreover, genotyping by AS-PCR took less than 3 to 4 h. The AS-PCR method
for the detection of gyrA mutations in H. pylori is useful for easy identification of fluoroquinolone-resistant
strains of H. pylori.

Failure of proton pump inhibitor-based triple therapies for
the eradication of Helicobacter pylori infection has been shown
to frequently be due to resistance to either clarithromycin or
metronidazole. Furthermore, concomitant resistance to both
drugs is not rare either, particularly in cases showing failure of
first-line therapy (4). Alternative regimens need to be devel-
oped for such cases showing concomitant resistance to both
drugs.

Recently, Sharara et al. reported a 7-day regimen of gati-
floxacin (8-methoxy fluoroquinolone [GAT]), amoxicillin, and
rabeprazole as an effective and safe secondary eradication
treatment regimen for H. pylori, with an eradication rate of
84.4% (20). Therefore, GAT-based triple therapy might be a
promising alternative treatment option for H. pylori infection.
However, we recently reported a high resistance rate (47.9%)
to GAT of Helicobacter pylori strains isolated from Japanese
patients after unsuccessful eradication therapy (17).

The resistance of H. pylori to fluoroquinolones, which exert
their antimicrobial action by affecting the A subunit of the
DNA gyrase of H. pylori, has been reported to be caused by
point mutations in the so-called quinolone resistance-deter-
mining region of the gyrA gene of H. pylori (9, 12, 17, 19, 22,
23), mainly at amino acid 87 (Asn to Lys) or 91 (Asp to Gly,
Asp to Asn, or Asp to Tyr) (17, 22). H. pylori does not possess
a gene encoding topoisomerase IV, an important fluoroquin-
olone target in other bacteria. Therefore, bacterial resistance
to fluoroquinolone can be tested by a genetic test of gyrA.
Development of an inexpensive and reliable high-throughput

method for the detection of gyrA mutations is expected to be
highly useful for H. pylori eradication therapy with regimens
containing fluoroquinolones.

Allele-specific PCR (AS-PCR) is one of the techniques used
to determine point mutations in genomic samples, with a high
degree of specificity and sensitivity. Point mutations can be
identified easily within a short period of time by PCR ampli-
fication alone, without direct sequencing or digestion with re-
striction enzymes. In the AS-PCR analysis, PCR amplification
is performed using a specific primer in which the second nu-
cleotide from the 3� end is designed to match the site of the
point mutation and the third nucleotide is designed to produce
a mismatch in order to yield allele-specific PCR amplification
(8). The point mutations can be identified by determining
whether or not the PCR amplicons corresponding to the spe-
cific primers can be observed.

The aim of this study was to develop a rapid genotyping
method based on AS-PCR for detecting gyrA mutations in H.
pylori.

MATERIALS AND METHODS

Patients and isolation of H. pylori. A total of 51 patients (33 males and 18
females; age, 56.7 � 12.7 years [mean � standard deviation]) with H. pylori
infection who showed treatment failure were enrolled in this study. Of the total,
43 patients had one treatment failure, 6 patients had two treatment failures, and
2 patients had three treatment failures. (The first-line treatment used was triple
therapy with clarithromycin, amoxicillin [AMX], and a proton pump inhibitor
[PPI] for 7 days; the second-line treatment used was triple therapy with metro-
nidazole, AMX, and PPI for 7 days; and the third-line treatment used was triple
therapy with levofloxacin, AMX, and PPI.) Informed consent was obtained from
all patients prior to their participation in the study. All patients underwent
upper-gastrointestinal endoscopy; biopsy specimens obtained from the greater
curvature of the upper corpus were then used to isolate H. pylori. The clinical
isolates of H. pylori used in the present study were previously examined and
reported only in terms of gyrA mutation and the MIC for GAT (17). In addition
to 48 previous isolates (17), isolates with known GAT MICs were examined for
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gyrA mutation (KS0203, KS0205, KS0193, and KS0195). However, KS0166 (GAT
MIC, 0.5 �g/ml) was excluded from the present study because sequencing of the
gyrA gene revealed that it was a mixed strain of mainly the wild type and a trivial
amount of a mutant (A272G).

Microaerobic bacterial culture and determination of MICs. Primary culture
was performed using Columbia HP agar (Becton Dickinson, Cockeysville, MD)
under a 10% CO2 and 5% O2 atmosphere at 35°C for 4 to 7 days. The colonies
were harvested and subcultured on sheep blood agar (Becton Dickinson) under
a 10% CO2 and 5% O2 atmosphere at 35°C for 3 days (11).

The susceptibility of the H. pylori isolates to GAT (Kyorin Pharmaceutical Co.,
Ltd., Tokyo, Japan) was determined by the agar dilution method according to the
guidelines established by the CLSI (formerly NCCLS) (13). A saline suspension
equivalent to a 2.0 McFarland standard (containing 1 � 107 to 1 � 108 CFU/ml)
was prepared from a 72-hour subculture from a blood agar plate. The inoculum
(1 to 3 �l per spot) was plated directly on the antimicrobial agent-containing agar
dilution plates. All of the plates were incubated in a 10% CO2 and 5% O2

atmosphere at 35°C for 3 days. The MIC was defined as the lowest concentration
of antibiotic that completely inhibited the growth of the inoculum. Isolates were
considered resistant to GAT if the MIC of the drug was �1 �g/ml (2, 11, 14, 17).

DNA preparation and PCR assay. Total DNAs were extracted from H. pylori
isolates by using a QIAamp DNA mini kit (QIAGEN GmbH, Hilden, Germany).
Primers complementary to regions flanking the 428-bp coding sequence of the
quinolone resistance-determining region of gyrA (codons 38 to 154) were used.
The PCR mixture (50-�l final volume) contained HotStar Taq master mix
(QIAGEN) and 0.5 �M (each) primer gyrA.f (5�-TTTRGCTTATTCMATGA
GCGT [forward]) and primer gyrA.r (5�-GCAGACGGCTTGGTARAATA
[reverse]) for the gyrA gene. PCR was performed in a Gene Amp PCR system
9700 instrument (Applied Biosystems, Foster City, CA) under the following
amplification conditions: initial denaturation at 95°C for 15 min, followed by 40
cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension
at 72°C for 1 min, with a final extension at 72°C for 10 min. The products of
amplification were purified using a QIAquick PCR purification kit (QIAGEN).

Sequencing. Amplicons of gyrA were sequenced using gyrA.f and gyrA.r and an
ABI Big Dye Terminator cycle sequencing ready reaction kit (PE Applied Bio-
systems, Norwalk, CT). The sequenced PCR products were analyzed in an ABI
Prism 3700 genetic analyzer (Applied Biosystems). The sequences obtained were
determined using Sequencher (Lasergene, DNAStar, Madison, WI) and were
compared with the published sequence of the H. pylori gyrA gene (GenBank
accession no. L29481) (2).

Allele-specific PCR with mismatch primers. Analysis of alleles with point
mutations in gyrA (C261A, C261G, G271A, G271T, and A272G) was performed
with standard thin-walled PCR tubes, using KOD-Plus DNA polymerase
(Toyobo, Osaka, Japan), on a Gene Amp PCR system 9700 instrument. Details
concerning the design of the allele-specific primers used in this study are given in
Table 1. The following mixture was prepared for the AS-PCR: 7.9 �l of distilled
water, 2.5 �l of 10� reaction buffer, 2.5 �l of deoxynucleoside triphosphates (2
mM [each]), 0.5 �l of KOD-Plus DNA polymerase, 1 �l of 25 mM MgSO4, 9.6
�l of primer mixture (10 pmol of gyrA primer R, 5 pmol of primer F261A1, 2.5
pmol of primer F261G1, 5 pmol of primer F271A5, 16 pmol of primer F271A9,
5.5 pmol of primer F271T9, 1.25 pmol of primer F272G1, and 1 pmol of primer
F272G9), and 1 �l of genomic DNA. The amplification was conducted under the
following conditions: an initial denaturing step at 95°C for 5 min, followed by 35
cycles at 95°C for 15 s, 62.5°C for 30 s, and 68°C for 30 s, with a final elongation
step at 68°C for 2 min. The PCR products were analyzed by electrophoresis on

2% agarose gels, followed by ethidium bromide staining and inspection under
UV light.

Statistical analysis. Fisher’s exact test was used to test the association between
the presence of mutations in the genotype, as determined by AS-PCR, and
resistance of the strains to GAT. P values of �0.05 were considered to denote
statistical significance.

RESULTS

Point mutations in the gyrA gene at codon 87 Asn or 91 Asp
were detected in 24 of the 25 (96%) GAT-resistant strains
isolated in this study. On the other hand, only 1 of the 26
(3.8%) susceptible strains had the mutation, with a substitution
at amino acid 87. At base triplet 87, we found two wild-type
variants, namely, an AAC triplet and an AAT triplet (C261T
mutation, both coding for Asn).

Of all the strains, 26 were wild-type H. pylori strains (AAC
triplet, 17 isolates; AAT triplet [C261T], 9 isolates), 8 strains
had the C261A mutation (Asn 87 Lys), 3 strains had the
C261G mutation (Asn 87 Lys), 9 strains had the C271A mu-
tation (Asp 91 Asn), 2 strains had the C271T mutation (Asp 91
Tyr), and 3 strains had the A272G mutation (Asp 91 Gly). We
did not see any significant association between the type of gyrA
mutation and the MIC of GAT.

For the 51 samples, AS-PCR clearly differentiated the wild
type from the gyrA mutants of H. pylori (Fig. 1). A significant
association was observed between the presence of mutations in

TABLE 1. Oligonucleotide sequences of primers used in AS-PCR method to determine gyrA mutation of
H. pylori at positions 261, 271, and 272

Primer direction Mutation Primer name Primer sequencea PCR product
size (bp)

Forward C261A F261A1 CCCCCATGGCGAGAAaG 262
C261G F261G1 CCCCCATGGCGAGAAgG 262
G271A F271A5 GCGATAACGCGGTTTAGaA 254

F271A9 GCGATAATGCGGTTTAGaA 254
G271T F271T9 GGCGATAATGCGGTTAATtA 255
A272G F272G1 GCGATAACGCGGTTTAGGgT 254

F272G9 GCGATAATGCGGTTTAGGgT 254
Reverse gyrA R GTTAGGCAGACGGCTTGGTARAATA

a The penultimate nucleotide to distinguish between wild-type and mutant sequences is shown in lowercase. The 1-bp mismatch at another nucleotide is underlined.

FIG. 1. Representative electrophoresis patterns of gyrA quinolone
resistance-determining region (QRDR) PCR products and allele-spe-
cific PCR products amplified with mixed primers for determination of
C261A, C261G, G271A, G271T and A272G mutant gyrA genotypes of
H. pylori. The theoretical fragment sizes according to the gyrA se-
quence are mentioned in the text.
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the genotype, as determined by AS-PCR, and the resistance of
the strains to GAT (P � 0.001). Moreover, AS-PCR for geno-
typing of the strains took less than 3 to 4 h.

DISCUSSION

Various assay techniques have been developed to investigate
polymorphisms, including PCR-restriction fragment length
polymorphism analysis, AS-PCR, multiplex PCR, single-strand
confirmation polymorphism analysis, oligonucleotide ligation
assay, and real-time PCR (3, 5, 6, 10, 15, 16, 18). AS-PCR is an
excellent genotyping method, although it frequently requires
extensive optimization and its background amplification is of-
ten high. It has been reported that the configuration of mis-
matched base pairs at the template primer 3�-terminal and
penultimate nucleotides is involved in the extension efficiency
of PCR (7). In this study, PCR amplification was performed
with allele-specific primers in which the second nucleotide
from the 3� end was designed to match the site of the point
mutation; furthermore, the third, fourth, or fifth nucleotide
from the 3� end was designed to produce a 1-bp mismatch in
order to attain high specificity in the AS-PCR for mutant
alleles with point mutations. AS-PCR does not require restric-
tion enzyme cleavage, purification of PCR products, or a real-
time PCR machine.

In the present study, we applied the AS-PCR method to
detect mutations in the gyrA gene of H. pylori. The method was
useful for easily identifying whether an H. pylori strain was
sensitive or resistant to GAT. To the best of our knowledge,
this is the first report of successful simultaneous detection of
five kinds of point mutations by AS-PCR requiring only two
PCR tubes.

Because the traditional culture test for bacterial susceptibil-
ity to antibiotics is costly and requires 10 to 14 days, this test
has not been feasible in routine clinical practice, and MIC-
based individualized H. pylori eradication therapy has not been
prevalent among general practitioners. However, the AS-PCR
method can be used to determine bacterial susceptibility to
fluoroquinolones within only several hours, which we suggest
would make individualized treatment really feasible in daily
clinical practice. This individually tailored therapeutic strategy
may be expected to increase the eradication rates for H. pylori
achieved by fluoroquinolone-based triple therapy as an alter-
native treatment regimen.

In conclusion, we developed a reliable AS-PCR technique to
detect GAT-resistant H. pylori strains with the aim of identi-
fying potential responders to a fluoroquinolone-based eradica-
tion regimen. The method was developed with DNA extracts
from H. pylori isolates, but it may be performed directly on
gastric specimens (1). Because of the genetic heterogeneity of
H. pylori strains (21) and other new mutants, the assay may fail
for strains isolated outside Japan, but it could be adapted to
detect genetic gyrA variants found in different geographical
regions.
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