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As a result of the increasing resistance of Helicobacter pylori against first-line antibiotics, other drugs, such
as quinolones, will be needed for eradication therapy in the future. We developed a real-time PCR to detect
mutations in the gyr4 gene associated with ciprofloxacin resistance of H. pylori, thereby contributing to the
selection of patients who could be treated by ciprofloxacin-based therapy.

The recommended first-line eradication therapy against
Helicobacter pylori infection consists of a triple therapy, includ-
ing proton pump inhibitors, amoxicillin, and clarithromycin or
metronidazole (5). Increasing resistance against clarithromycin
and metronidazole is compromising the eradication of H. pylori
and causing failures in therapy (3), so other antibacterial drugs,
such as quinolones, will be needed for H. pylori therapy in the
future (1, 2, 12, 14). The resistance of H. pylori against quin-
olones, which exert their antimicrobial effects by affecting the
A-subunit of the DNA gyrase of H. pylori, is caused by point
mutations in the so-called quinolone resistance-determining
region (QRDR) of the gyrA4 gene (8, 10, 11, 13), mainly involv-
ing amino acid substitutions at amino acid 87 (aa87) (Asn to
Lys) and amino acid 91 (aa91) (Asp to Gly, Asp to Asn, and
Asp to Tyr) (6, 7, 10).

The susceptibility of H. pylori against antibiotics is normally
examined by Etest, which is accepted to be the reference
method (4). Indeed, antimicrobial sensitivity testing of these
fastidious bacteria may not be possible because of contamina-
tion and inappropriate transport conditions. Due to an in-
crease of ciprofloxacin resistance (between 5 and 10% [unpub-
lished data]) in Germany, we propose a molecular genetic
method to quickly detect ciprofloxacin-resistant (Cip*) H. py-
lori organisms in patients who could be treated by a quinolone-
based therapy. We selected 65 ciprofloxacin-sensitive (Cip®)
and 35 Cip® H. pylori isolates and used the Etest method (AB
Biodisk, Solna, Sweden) to determine the MIC of ciprofloxacin
(4). Strains were classified as resistant to ciprofloxacin when
the ciprofloxacin MIC for the strain was >1 mg/liter. The
ciprofloxacin MIC:s for all sensitive strains were =<0.19 mg/liter.

(Part of this work was presented as a poster at the XVIth
International Workshop on Gastrointestinal Pathology and
Helicobacter 2003, Stockholm, Sweden.)

Bacterial DNA was extracted from these strains using the
QIAmp DNA mini kit (Qiagen, Hilden, Germany), and the
QRDR of the gyr4 gene (GenBank accession no. AE000583)
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was amplified as described previously (7). After the purified
amplicons were sequenced, we screened the QRDRs of our
selected strains for known gyr4 mutations and polymorphisms.
At base triplet 87, we found two wild-type variants, an AAC
triplet (39 isolates) and an AAT triplet (26 strains) (both code
for Asn). Sixteen Cip" mutants harbored the AAA triplet, and
eight mutants exhibited the AAG triplet (both code for Lys).
At base triplet 91, the wild-type GAT triplet (coding for Asp)
was detected in all Cip® strains. Three Cip" mutants had the
GGT triplet (coding for Gly) in combination with the wild-type
AAT triplet at aa87 (aa87 AAT-WT). The three isolates har-
boring the TAT mutant triplet (coding for Tyr) also had the
wild-type AAC triplet at aa87 (aa87 AAC-WT). Three Cip”
mutants had the AAT triplet (coding for Asn), two in combi-
nation with aa87 AAT-WT and one combined with aa87
AAC-WT (Table 1). We did not see any significant association
between the type of gyr4 mutation and the ciprofloxacin MIC.

Based on the results of this analysis, two pairs of hybridiza-
tion probes were designed to detect aa87 and aa91 mutations.
To detect aa87 mutations, we used anchor probe 87 (5'-AAA
AATCTTGCGCCATTCTCACTAGCGC-3’; 3’ end labeled
with fluorescein) and mutation probe 87 (5'-ATAAACGGCG
TTATCGCCA-3'; 5" end labeled with LightCycler red 705 and
3’ end phosphorylated). aa91 mutations were detected using
anchor probe 91 (5'-AAAAATCTTGCGCCATTCTCACTA
GCG-3’; 3’ end labeled with fluorescein) and mutation probe
91 (5'-ACCATAAACGGCATTATCGCCA-3'; 5" end labeled
with LightCycler red 640 and 3’ end phosphorylated). Real-
time PCR and subsequent melting curve analysis were per-
formed in 20-pl capillary tubes using a LightCycler (Roche
Diagnostics GmbH, Mannheim, Germany). Using the triplet
87 hybridization probes, we were able to identify the two wild-
type triplets (AAC and AAT) and the Cip® AAA mutants at
triplet 87 by analyzing their melting temperatures. The aa87
AAC-WT, whose sequence matched that of mutation probe 87
perfectly, showed the highest melting temperature (57°C); the
melting temperatures of the aa87 AAT-WT (50.4°C) and the
aa87 AAA mutant (48.7°C) were decreased than that of the
aa87 AAC-WT (Fig. 1a). We also detected two mixed isolates
with a Cip® strain and a Cip" strain exhibiting the AAA muta-
tion (Fig. 1b).
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FIG. 1. (a) Melting curve analysis and detection of strains with two aa87 wild-type triplets and aa87 AAA Cip" mutant triplets in the QRDRs
of the gyrA gene using mutation probe 87 (and anchor probe 87). Mutation probe 87 matches the aa87 AAC-WT (melting temperature, 57°C).
Compared to DNA from the strain with the wild-type AAC triplet, DNA from the strains with wild-type AAT and the AAA mutant triplets had
different binding properties to the hybridization probes, resulting in decreased melting temperatures of 50.4°C (AAT-WT) and 48.7°C (AAA
mutant). (b) Detection of mixed isolates with a Cip® strain and a Cip" strain. While the melting curves of strains with the two wild-type aa87 triplets
showed one peak only (57 and 50.4°C), a curve exhibiting two peaks indicated an infection with at least two strains, in our example, an infection
with a resistant strain (aa87 AAA mutant) and a susceptible strain (aa87 AAC-WT) with melting temperatures of 57 and 48.7°C, respectively.

The triplet 91 hybridization probes were designed to detect
aa91 mutants. Mutation probe 91 matched aa91 GGT mutants
and the aa87 AAT-WT exactly. Strains with aa87 AAT-WT
had the highest melting temperature (58.5°C), followed by
strains with aa91 AAT mutant triplet combined with the aa87
AAT-WT triplet (52.0°C). We were also able to discriminate
between the mutants and the two wild-type aa87 variants (Fig.
2a). Three isolates with an aa91 TAT mutation and the single
isolate with an aa91 AAT mutation all also had aa87 AAC-WT
and, not surprisingly, had a much lower melting temperature

than the strain with aa87 AAC-WT did (data not shown). The
aa87 AAG mutants were easily detected with the triplet 91
hybridization probes, revealing a melting temperature of
51.5°C (Fig. 2b).

In order to select the patients who could be treated with a
quinolone-based eradication treatment, susceptibility testing
of H. pylori is desirable, particularly in patients already treated
unsuccessfully. Contamination or growth failure of the fastid-
ious H. pylori can impair conventional antimicrobial suscepti-
bility testing. To overcome such problems, we established this
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FIG. 1—Continued.

TABLE 1. Results of sequencing the QRDRs of 100 H. pylori isolates (65 Cip® and 35 Cip") and melting temperatures for each pair of
hybridization probes (mutation probe 87 and mutation probe 91) depending on the genotype and phenotype

T, (°C) with mutation probe:

No. of strains Triplet 87 Triplet 91 I(’g;’g’gsﬂ‘; (by rg‘ﬁi’gg; cR) - o

39 AAC (Asn) GAT (Asp) Cip® Wild-type Cip® 57002 474 0.2
26 AAT (Asn) GAT (Asp) Cip*® Wild-type Cip® 504 0.2 54.7+02
16 AAA (Lys) GAT (Asp) Cip" Mutant Cip" 487 +0.2 492 +0.2
8 AAG (Lys) GAT (Asp) Cip" Mutant Cip" 50.8 £0.2 51.5+02
3 AAT (Asn) GGT (Gly) Cip" Mutant Cip" 504 =02 585+02
3 AAC (Asn) TAT (Tyr) Cip" Mutant Cip" 57.0*02 44.6 £ 0.2
2 AAT (Asn) AAT (Asn) Cip" Mutant Cip" 504 0.2 52.0%0.2
1 AAC (Asn) AAT (Asn) Cip" Mutant Cip" 57.0*02 44.6 £ 0.2
2 mixed infections” AAC (Asn) GAT (Asp) Cip" Wild-type Cip® 57.0+0.2 474 +02

AAA (Lys) GAT (Asp) Mutant Cip" 487 +0.2 492 +0.2

“T,,, melting temperature. Melting temperatures can vary slightly between different runs, so the temperatures given are means * standard deviations for more than
30 runs.
? By real-time PCR, two mixed isolates with Cip® and Cip® isolates were detected.
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FIG. 2. (a) Using mutation probe 91, strains with aa87 AAT-WT and an aa91 GGT mutation in the QRDR of the gyr4 gene had the highest
melting temperature at 58.5°C. Strains with aa87 AAT-WT and an aa91 AAT mutation had a decreased melting temperature of 52.0°C. The
ciprofloxacin-sensitive wild-type strains had melting temperatures of 54.7°C (aa87 AAT-WT) and 47.4°C (aa87 AAC-WT). (b) Accurate discrim-
ination between the aa87 AAT-WT and the aa87 AAG mutant is possible using mutation probe 91 (and anchor 91). By using this pair of probes,
both wild-type triplets at aa87 (AAC-WT, 47.4°C; AAT-WT, 54.7°C) and the aa87 AAG mutant (51.5°C) can be discriminated.

real-time PCR assay based on a combination of two pairs of
hybridization probes in order to detect gyr4A mutations and to
predict possible ciprofloxacin resistance. Our assay recognized
mutations in the QRDR and was able to distinguish all 35 Cip"
and Cip® strains. The differentiation between aa91 TAT and
AAT mutants (combined with an aa87 AAC-WT) was compli-
cated because of their similar melting temperatures. In our
opinion, this fact is of reduced clinical impact, because both
mutations are associated with the ciprofloxacin resistance phe-
notype. These two mutants could be discriminated by using an
additional mutation probe matched to one of these mutants.
Double mutations affecting aa91 and aa97 have also been re-
ported (7) but were not found in our strain collection. Geo-

graphical variation of ciprofloxacin resistance mechanisms and
the possible existence of alternative resistance mechanisms in
H. pylori that are different from gyr4 mutations cannot be
excluded but have not been reported thus far.

In conclusion, we developed a reliable fluorescence reso-
nance energy transfer-based real-time PCR to detect cipro-
floxacin-resistant H. pylori strains with a view to select patients
who could be treated with a quinolone-based eradication reg-
imen. The method was developed on DNA extracts from H.
pylori isolates from German patients, but it might also be
performed directly on gastric specimens. Because of the known
genetic heterogeneity of H. pylori (9), the assay may fail with
strains isolated outside Germany, but the test could be altered
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FIG. 2—Continued.

to adapt to the genetic gyr4 variants found in different geo-
graphical regions.

This work was supported by a grant to M. Kist (1369-239) from the
Robert-Koch-Institut of the German Federal Ministry of Health.
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