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The main cause of failure of Helicobacter pylori eradication therapy is resistance to clarithromycin. The
resistance is due to three point mutations in two positions on the 23S rRNA (A2142C, A2142G, and A2143G).
Our aim was to develop a rapid and accurate method to detect these mutations directly on biopsy specimens.
We developed a real-time PCR that included a simultaneous detection of the amplicons by hybridization of two
probes labeled with LC-Red and fluorescein by using the fluorescence resonance energy transfer (FRET)
technology and melting curve analysis with the LightCycler thermocycler. The assay was first applied success-
fully on reference strains, reference plasmids, and H. pylori-negative biopsies. Biopsies from 200 patients
having failed a first eradication attempt and for whom the H. pylori strain was available were then tested with
the new assay. A result was obtained in 199 cases; a single genotype was detected in 157 cases, two genotypes
were detected in 41 cases, and three genotypes were detected in one case. There were, in total, seven discrep-
ancies between the real-time PCR and the phenotypic method of determination of clarithromycin susceptibility,
and in an additional four cases the two phenotypic methods were in disagreement. PCR-restriction fragment
length polymorphism was applied to a sampling of biopsies, including all of the cases with multiple genotypes
and all the cases with discrepant results. Finally, in four cases with discrepant results, the real-time PCR
detected the resistant population at a concentration so low that it could not be detected by the phenotypic
method, while in three cases other mutations could be involved. This assay had an accuracy at least as
satisfactory as that of the phenotypic tests and could be performed within 2 h, allowing it to be used before the

administration of therapy in the case of a first H. pylori eradication.

Helicobacter pylori infection is one of the most common
chronic bacterial infections in the world and has been estab-
lished as a major cause of gastritis, peptic ulcer disease, and
gastric cancer (1).

Eradication therapy is recommended for patients with pep-
tic ulcer disease (5, 10). The first-line regimen consists mainly
of a triple therapy, and clarithromycin is one of the most widely
used components in these treatments. However, the preva-
lence of primary and acquired clarithromycin resistance is in-
creasing worldwide, jeopardizing the success of these treat-
ments (3, 7, 14, 19). Several reports have shown that the cure
rate is between 0 and 50% when the H. pylori strain is resistant
to clarithromycin, whereas it is around 90% when the strain is
susceptible (2, 8). Resistance to this antibiotic is due to point
mutations within the peptidyltransferase-encoding region of
the 23S rRNA (25). Three major point mutations in two posi-
tions on the 23S rRNA (equivalent to Escherichia coli coordi-
nates 2058 and 2059) have been described in which an adenine
residue is replaced by a guanine or a cytosine residue in dif-
ferent positions: A2142C, A2142G, and A2143G (18, 21, 22,
25). Mutations A2142G and A2143G are the most frequently
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reported, whereas mutation A2142C is less common (24).
Point mutations at two additional sites, A2115G and G2141A,
have been described as occurring in the same strain (9), al-
though these mutations have never been subsequently re-
ported.

In routine practice the detection of clarithromycin resistance
is mainly based on phenotypic methods performed after cul-
ture: agar diffusion for the &-Test or the agar dilution method,
which is considered the reference; however, these methods are
time-consuming (13). Detection of point mutations conferring
resistance to clarithromycin by molecular methods may consti-
tute a more reliable approach. Numerous PCR-based tech-
niques have been developed to detect these mutations, such as
PCR-restriction fragment length polymorphism (RFLP) (18,
25), PCR-DNA-enzyme immunoassay (11, 20), and reverse hy-
bridization line probe assay (23). More recently, real-time PCR
methods were developed that were based on amplification of a
fragment of the 23S rRNA gene of H. pylori followed by melt-
ing curve analysis. The first attempt was performed by Gibson
et al. on H. pylori strains (6). The studies performed on biop-
sies, however, included few cases with resistant strains (4) or
did not include cases with the mutation A2142C (12).

The aim of the present study was to develop a rapid and
reliable single-step method to detect the three most frequent
clarithromycin resistance-associated gene mutations in H. py-
lori directly on gastric biopsies, based on a PCR assay and
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simultaneous detection of the amplicon by probe hybridization
and thermal analysis by using fluorescence resonance energy
transfer (FRET) technology with a LightCycler thermocycler.

MATERIALS AND METHODS

Bacterial strains and gastric biopsies. Four H. pylori strains, one reference
strain (CIP 101260) with the wild-type genotype and three strains (825, 683, and
677) with known mutations in the 23S rRNA gene (mutations A2142C, A2142G,
and A2143G, respectively) were used as positive controls (18). Seventeen gastric
biopsies obtained from patients for which all diagnostic tests for H. pylori were
negative (culture, histology, and serology) were used as negative controls.

Two hundred successive gastric biopsies from patients included in a random-
ized clinical trial aiming to test second-line regimens (Strathegy) were used (H.
Lamouliatte, F. Mégraud, J. C. Delchier, J. F. Bretagne, A. Courillon-Mallet,
J. D. de Korwin, J. L. Fauchere, A. Labigne, J. F. Fléjou, and P. Barthélémy,
submitted for publication). The first regimen used included a proton pump
inhibitor, with clarithromycin and amoxicillin in 85% of the cases. Patients were
included in the study if they had a positive ['*CJurea breath test. They were
submitted to endoscopy, and biopsies were obtained for culture from the antrum
and corpus.

Gastric biopsies were ground with a tissue homogenizer (UltraTurax; Labo-
Moderne, Paris, France), and H. pylori was cultured as described before (15).
The suspension used for culture was also used for DNA isolation. DNA was
isolated by using a QIAamp DNA mini kit (Qiagen SA, Courtaboeuf, France)
according to the manufacturer’s instructions.

Determination of the susceptibility to clarithromycin by phenotypic methods.
Two methods were used to determine the MIC of clarithromycin for H. pylori:
the e-Test method (AB Biodisk, Solna, Sweden) was performed just after isola-
tion, and an agar dilution method was carried out at the end of the study. Both
methods were used according to a previously described protocol (15). A strain
was considered resistant to clarithromycin when the MIC was =1 mg/liter (17).

Detection of point mutations in the 23S rRNA gene of H. pylori by real-time
PCR. A real-time PCR-based PCR-hybridization assay was used directly on
DNA obtained from gastric biopsies to detect point mutations conferring resis-
tance to clarithromycin. The method included amplification of a fragment of the
23S rRNA gene of H. pylori coupled with simultaneous detection of the product
by probe hybridization and analysis of the melting curve by using real-time PCR
(26). A 267-bp fragment of the 23S rRNA gene of H. pylori was amplified by
using primers HPYS and HPYA as previously described (16). The primers were
analyzed for 3'-terminal specificity to assure that they were specific to H. pylori.
The amplified product was detected with two probes: the sensor probe, 5’ labeled
with LC-Red 640 and 3’ phosphorylated (5'-GGCAAGACGGAAAGACC-3';
nucleotides 2504 to 2520), which hybridized with the region containing the
mutation sites, and the anchor probe, which hybridized three bases upstream
from the former and was 3’ labeled with fluorescein (5'-TGTAGTGGAGGTG
AAAATTCCTCCTACCC-3'; nucleotides 2473 to 2501) (GenBank accession
number U27270). Primers and probes (Tib MolBiol Syntheselabor, Berlin, Ger-
many) were purified by high-performance liquid chromatography.

By using the LightCycler thermocycler (Roche Diagnostics, Neuilly sur Seine,
France) the PCR and hybridization reactions were carried out in glass capillaries
in a volume of 20 ul containing 3 pl of template DNA, 1.6 ul of MgCl, (25 mM),
0.4 pl of forward and reverse primers (20 uM each), 0.2 .l of sensor and anchor
probes (20 uM each), and 2 pl of FastStart DNA Master Hybridization Probes
(Roche Diagnostics). PCR amplification comprised an initial denaturation cycle
at 95°C for 10 min, followed by 50 amplification cycles (with a temperature
transition rate of 20°C/s) consisting of 95°C for 0 s, annealing at 60°C for 10 s, and
extension at 72°C for 17 s. After amplification a melting step was performed,
consisting of 95°C for 0 s, cooling to 45°C for 30 s (with a temperature transition
rate of 20°C/s), and finally a slow rise in the temperature to 85°C at a rate of
0.1°C/s with continuous acquisition of fluorescence decline.

Determination of the sensitivity of the real-time PCR. In order to evaluate the
sensitivity of the real-time PCR regarding the detection of multiple strains in the
same biopsy sample, DNA from the wild-type and A2142G and A2142C mutant
strains was amplified by PCR with the primers HPYS and HPYA deduced from
the 23S rRNA gene of H. pylori (GenBank accession number U27270) (16) to
generate the 267-bp fragment of the 23S rRNA gene. The three PCR products
were mixed in equal proportions, and the PCR product of the A2142G mutant
was mixed with that of the wild-type strain in proportions of 50, 25, 10, 5, and 1%.
These mixtures were analyzed with the real-time PCR.

PCR-RFLP analysis. A PCR-RFLP analysis was performed on all of the 42
biopsies with more than one genotype detected in the real-time PCR and on 30
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randomly selected samples with a single genotype (10 wild type, 19 with one of
the A—G mutations, and the biopsy with the A2142C mutation). The enzymes
Bbsl and Bsal (New England Biolabs, Beverly, Mass.) were used in all of the
cases where the wild-type genotype and/or an A—G mutant sequence was de-
tected, and the enzyme BceAl (New England Biolabs) was used in the cases
where the mutation A2142C was detected by the real-time PCR. The four H.
pylori control strains reported above were used as controls for the digestion
assays. The PCR-RFLP procedures were performed as previously described (16).

Plasmid construction. DNA from the four reference strains was amplified by
PCR with the primers HPYA and HPYS containing SacI and Kpnl restriction
sites (5'-TAAGAGCTCAGGTTAAGAGGATGCGTCAGTC-3' and 5'-TATG
GTACCCGCATGATATTCCCATTAGCAGT-3’, respectively, where italics in-
dicate restriction sites) as previously reported (16). The amplified PCR products
were precipitated with 95% (vol/vol) ethanol, washed twice with 70% (vol/vol)
ethanol, and digested overnight with the restriction enzymes Sacl and Kpnl
according to the manufacturer’s instructions (Roche Diagnostics). The phagemid
vector pBluescriptll SK(+) (Stratagene, La Jolla, Calif.) was also digested by
Sacl and Kpnl. Digested products were precipitated with ethanol and were
washed twice. PCR amplicons were directionally ligated into pBluescriptIl
SK(+) by using the T4 DNA ligase (Roche Diagnostics), and transformation was
performed by using the JM109 cells according to the manufacturer’s instructions
(Promega, Madison, Wis.). The construction was confirmed by restriction anal-
ysis, real-time PCR (as reported above), and sequencing in two senses by using
the pBluescriptIl SK(+) primers 5'-GCTATGACCATGATTACGCCA-3" and
5" CCCAGTCACGACGTTGTAAAA-3'. The GenBank accession numbers of
these plasmids corresponding to the wild-type and to the mutations A2142C,
A2142G, and A2143G are AF550406, AF550407, AF550408, and AF550409,
respectively.

RESULTS

Detection of point mutations conferring resistance to clar-
ithromycin in the control specimens. Melting curve analysis of
DNA from the positive control strains produced four different
melting curves, with melting temperatures (7,,) of approxi-
mately 61.5, 58.0, 53.0, and 53.6°C for the wild-type strain and
mutants A2142C, A2142G, and A2143G, respectively (Fig. 1).
As was expected, the existence of a nucleotide mismatch be-
tween the sequence and the hybridization probe produced a
T,, lower than the T,, of the wild-type sequence when there
was 100% homology between the probe and the target. A
difference of 1°C maximum in the melting peak temperatures
could be observed between different runs, probably resulting
from variations in the temperature profile created by the Light-
Cycler. The occurrence of close 7,,s between the mutations
A2142G and A2143G rendered their differentiation difficult.

Biopsies from patients for which no H. pylori was detected by
culture all remained negative. The plasmids containing the
different sequences gave the expected 7,,,. To prove the spec-
ificity of the primers, various bacterial species, including E. coli
(clinical isolates), Campylobacter jejuni (clinical isolates),
Campylobacter coli (clinical isolates), Flexispira rappini (CCUG
29176), and Helicobacter spp. such as H. felis (CCUG 28539 T),
H. bilis (CCUG 38995 B T), H. hepaticus (CCUG 33637 T), H.
muridarum (CCUG 29262 T), and H. pullorum (CCUG 33842
and CCUG 33839) were tested by this new assay, and no
amplification was observed (data not shown).

Detection of point mutations conferring resistance to clar-
ithromycin in gastric biopsies by real-time PCR. Real-time
PCR, described above and applied directly to gastric biopsies,
was able to detect the genotype associated with clarithromycin
susceptibility or resistance in 199 of the 200 biopsies (99.5%)
tested. One biopsy with a clarithromycin-susceptible strain pro-
duced a melting peak with a 7,,, of approximately 56°C, which
was different from the expected T,, for the wild-type or the
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FIG. 1. Melting curve analysis of the 267-bp fragment of the 23S rRNA gene obtained with real-time PCR for the wild-type and mutant strains
with the A2142C, A2142G, and A2143G mutations. The melting curve corresponding to a biopsy containing the wild type and the A2142C,
A2142G, and A2143G mutations is also shown, and three melting peaks can be observed with the 7,,,s corresponding to those of the wild type, the
A2142C mutation, and the A224G transition. Values on the y axis represent the ratio of the first negative derivative of the change in fluorescence
(dF) to the variation in temperature (temperature values are given in degrees Celsius). A—G, A to G mutation.

three mutant genotypes. Sequencing of a 267-bp fragment
from domain V of the 23S rRNA gene by using HPYS and
HPYA showed a transition from G to A in position 2141
(GenBank accession number AF550410).

In 157 cases (79%), one single genotype was detected, cor-
responding either to the wild type or to the mutation A—G or
A—C. In 152 biopsies from this group, the results of the
real-time PCR correlated perfectly with the clarithromycin sus-
ceptibility profile determined by the e-Test (Table 1). Of the 64
biopsies with a matched clarithromycin-susceptible strain, 64
produced a melting peak characteristic of the wild-type geno-
type. Among resistant strains, mutation A—G, either in posi-
tion 2142 or 2143, was detected in 87 samples, and the trans-
version A—C in position 2142 was detected in one biopsy. In
three biopsies a wild type was present, while the phenotype was
resistant. In two additional cases, the real-time PCR detected
a wild-type genotype while there was discrepancy between the
e-Test and the agar dilution method (Table 1).

In 42 cases (21%) the simultaneous presence of at least two
different genotypes in the same biopsy was detected. Of these
samples, 30 produced melting peaks corresponding to the wild-
type and A—G sequences and two produced melting peaks
corresponding to the wild-type and A—C genotypes; in three
cases the two types of mutants (A—G and A—C) and in one
case the wild type and the two types of mutants were detected
(Fig. 1). In all of these cases, the corresponding H. pylori
isolates were resistant to clarithromycin (Table 1). However, in
four biopsies with a matched susceptible strain, the presence of
both the wild-type and a mutant A—G genotype was observed
as well as in two others where there was a discrepancy between
the e-Test and the agar dilution method (Table 1).

To confirm that the real-time PCR was able to detect the
simultaneous presence of these different genotypes, DNA from

the wild-type and A2142C and A2142G mutant strains were
mixed in different proportions. In the mixture the real-time
PCR was able to detect the mutant at a concentration as low as
10% (data not shown).

In total, the two phenotypic methods agreed in 195 cases

TABLE 1. Results of the detection of point mutations conferring
resistance to clarithromycin by real-time PCR on 199 gastric
biopsies compared with those of e-Test performed on
matched cultures

Real-time PCR result with:

Phenotypic method? bNO' 9f
IOPSICS  Wild type  A(2142/43)G  A(2142)C
Single genotype
S 64 +
R 87 +
R 1 +
R 3 +
S/R 2 +
Total 157
Multiple genotypes
R 30 + +
R 2 + +
R 3 + +
R 10 + + +
S 4 + +
S/R 2 + +
Total 42

“ Phenotypic method refers to the method used to determine susceptibility to
clarithromycin (15). S, susceptible; R, resistant; S/R, susceptible by one method
and resistant by a second method.

? The melting peaks of this biopsy are represented in Fig. 1.
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TABLE 2. Results of the PCR-RFLP analysis on 30 biopsies with a

single genotype (10 wild type, 19 with the A2142/43G mutation, and

1 with the A2143C mutation) and on all 42 samples with more than
one genotype detected by real-time PCR
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TABLE 3. Discrepant results of susceptibility testing for
clarithromycin determined by phenotypic methods (MIC by &-Test
and agar dilution), real-time PCR, and PCR-RFLP*

G dotectod b . Agar Real-time PCR PCR-RFLP
enr(;tzl;_) teimg ;CC; Y PCR-RFLP status (no. of samples) Biopsy no. &Test  yupytion WT  A214243G ~WT  Bbsl  Bsal
Wild type....couvvicmereicieicicaeine NR (10)“ B18 S S + + + +
B37 S S + + + +
B92 S S + + + +
Wild type and A—G ................. BbsI and NR (15), Bsal and NR (20) B260 S S + + + +
Wild type and A—G ................. Bbsl and Bsal and NR (1)
Wild type and A—C.. BceAl and NR (2) B128 R R + +
A—G and A—>C........ Bbsl and BceAl (2) B130 R R + +
A—G and A—C.....ccvvvcninaee Bsal and BceAl (1) B250 R R + +
Wild type and A—G and
A—=Cuiiiiviiicicce, BbsI and Bsal and BceAl and NR (1) B73 S R + +
B55 S R + + + +
“NR, not restricted. o o B294 S R 4 + + +
® The melting peaks of this biopsy are represented in Fig. 1. B202 S R + + +

(98%), and among them the real-time PCR gave concordant
results in 188 cases (96.4%). When the agar dilution was re-
garded as the gold standard, the sensitivity and specificity of
the real-time PCR were 98.4 and 94.1%, respectively.

Comparison between real-time PCR and PCR-RFLP. In or-
der to confirm the results of the real-time PCR, PCR-RFLP
analysis was performed on each of the 42 biopsies which
showed more than one genotype in the real-time PCR and on
30 randomly selected samples presenting a single genotype and
distributed as follows: 10 wild-type samples, 19 samples with
the A2142G or A2143G mutation, 1 sample with the A2142C
mutation, and all the cases with discrepant results. Of the
single-genotype group, the 23S rRNA fragment amplified from
the 10 biopsies with the wild-type genotype showed no restric-
tion with the enzymes Bbsl and Bsal (Table 2). Of the 19
samples with the A—G mutation, four were restricted with
BbsI and 15 were restricted with Bsal, and the only biopsy with
the A—C mutation was restricted with BceAl (Table 2).

Of the 42 biopsies with more than one genotype, 36 pre-
sented a mixture of wild-type and A—G genotypes. Among
these, 15 presented the uncut PCR product and the products
resulting from the restriction with BbsI, 20 presented the uncut
fragment and the Bsal digestion products, and one biopsy was
restricted with both enzymes in addition to showing the pres-
ence of the uncut fragment (Table 2).

The two biopsies with a mixture of wild-type and A—C
genotypes were restricted with BceAl, and the uncut fragment
was also visible. The presence of both A—G and A—C geno-
types in three biopsies was confirmed by restriction with BbsI
and BceAl in two cases and with Bsal and BceAl in one case
(Table 2). Finally, the biopsy presenting three melting peaks
corresponding to the wild-type, A—G, and A—C genotypes
was restricted with Bbsl, Bsal, and BceAl in addition to show-
ing the presence of the uncut fragment in the digestion profiles
(Table 2).

There were, altogether, 11 discrepant results (Table 3). In
four cases, both phenotypic methods indicated a susceptible
strain while the real-time PCR as well as the PCR-RFLP in-
dicated a mixture of the wild-type genotypes and genotypes
restricted by Bbsl or Bsal.

In three cases the reverse situation was observed; i.e., the
samples were determined to be resistant by phenotypic meth-

“ WT, wild type. R, resistant; S, susceptible.

ods (agar dilution and Etest) and were determined to have the
wild-type genotype by genotypic methods (PCR-RFLP and
real-time PCR).

Finally, in four cases there was a discrepancy between e-Test
and agar dilution method results: one sample appeared to have
a wild-type genotype and two samples had a mixture of wild-
type and mutant genotypes, and in only one sample did PCR-
RFLP show a mixture of wild-type and mutant genotypes while
the real-time PCR indicated a wild-type genotype.

DISCUSSION

In this study we describe a real-time PCR-based method for
detection of the most common point mutations occurring in
the 23S rRNA gene of H. pylori that confer resistance to cla-
rithromycin (24). This method is applied directly to gastric
biopsies and consists of an amplification of a fragment of the
23S rRNA gene of H. pylori and subsequent detection of the
mutations by probe hybridization and melting curve analysis
with real-time PCR technology. The primers used have been
proven to be specific for H. pylori, since no positive reaction
was obtained with negative gastric biopsies or with a range of
bacteria which could be present in gastric biopsies.

The assay described above permits the detection of the tran-
sition A—G, in position 2142 or 2143, the transversion A—C
in position 2142, and the wild-type genotype. The distinction
between genotypes is based on the T, of the corresponding
melting curves, and in this assay the 7,,s were well established
and reproducible for each genotype. Due to the close proximity
of the melting 7, between the A2142G and A2143G mutations
and to the fact that the melting peaks present slight variations
between different runs, the distinction between these two ge-
notypes is sometimes difficult. Therefore, it was considered
that the assay described in this study can be applied to detect
and distinguish the two transitions A—G and A—C and the
wild-type genotype but cannot distinguish between A2142G
and A2143G mutations, in contrast to some other methods (11,
23). However, we think that the clinical relevance of this dis-
tinction has limited value.

The two mutations occurring simultaneously in the 23S
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rRNA gene of H. pylori (in the positions A2115G and G2141A)
and described by Hultén et al. (9) as being associated with
clarithromycin resistance seem to be very rare, as they were not
detected in other studies (15, 24). In this study, the G2141A
change was detected by the real-time PCR with a susceptible
strain, proving that this assay is able to detect and identify this
genotype as long as a control DNA is used in parallel. The
A2115G mutation is localized within the annealing region of
the anchor probe. Only testing a control strain containing this
mutation would show if it could be detected by this assay.
However, in theory the A2115G mutation should not be de-
tected by the system of probes described in this study because
the 7, difference between the sensor and the anchor probes is
approximately 10°C, and one mutation occurring in the region
of the anchor probe presumably will not reduce the 7, by
more than 10°C. The only way to be sure will be to include a
control strain, which we are presently lacking. Sequencing
showed that the A2115G mutation was not present in this
biopsy. In our study, the G2141A mutation was not associated
with a phenotype exhibiting resistance to clarithromycin, indi-
cating that this mutation alone is not sufficient to induce cla-
rithromycin resistance.

The real-time PCR described in this study has proven to be
very sensitive in the detection of mixed populations, since it
was able to detect the presence of a mutant among wild-type
strains at a level of 10% (data not shown). It was also able to
detect two mutants and the wild-type genotype in the same
biopsy (Fig. 1).

The genotype responsible for the susceptibility profile to
clarithromycin was successfully identified in 199 of the 200
biopsies tested. A single genotype was detected in the majority
of the biopsies, whereas the presence of more than one geno-
type was detected in 21% of the cases. The presence of two
different genotypes in the same biopsy was detected in 41
cases, with either the wild-type genotype combined with the
A—G or A—C mutation or with the two mutated genotypes.
One biopsy with three genotypes, wild type, A—G mutation,
and A—C mutation, was also observed.

The results of the real-time PCR were compared with the
results of the clarithromycin susceptibility testing by the e-Test
and the agar dilution method. A perfect correlation between
the genotype and the susceptibility profile was found in 188
biopsies (96.4%). In four cases with a clarithromycin-suscepti-
ble H. pylori isolate, the real-time PCR was able to detect the
presence of both the wild type and an A—G mutant. This
discrepant result may be explained by the fact that the resistant
population was present at a concentration so low that it could
not be detected by the phenotypic method, showing that the
genotypic method is more sensitive in detecting several popu-
lations in the same sample than the phenotypic method. The
hypothesis that the two genotypes may correspond to different
23S ribosomal DNA alleles in a single strain cannot be ex-
cluded. However, since this study was performed on biopsies,
this hypothesis is less probable than the hypothesis of the
presence of mixed populations in the same sample.

In three cases a wild-type genotype was detected in biopsies
containing a clarithromycin-resistant strain, suggesting that
probably other mutations in the 23S ribosomal DNA not de-
tected by the method or other mechanisms not related to
mutations in this region may be involved.
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The detection of the point mutations was also performed by
PCR-RFLP on a group of biopsies, with a single genotype and
in all of the samples comprised of more than one genotype, in
order to confirm the results obtained by the real-time PCR. In
the former group the results of the two genotypic methods
were totally in agreement. With regard to the samples with
mixed populations, an incomplete cleavage was observed to-
gether with the digestion products by using either Bbsl, Bsal,
or BceAl. The presence of an uncut fragment with the same
intensity as the restriction products was considered to be in-
dicative of a mixed population. The results of the PCR-RFLP
were concordant with the results of the real-time PCR in all of
the cases except one, and again, the very small amount of the
missed genotype may be the reason why it was not detected.

In conclusion, we have developed a new real-time PCR assay
for detection directly on gastric biopsies of the most common
point mutations occurring in the 23S rRNA gene of H. pylori
that confer resistance to clarithromycin. The method is rapid;
in fact, the entire procedure only takes 2 h, from the reception
of the samples, involving the isolation of the DNA from the
biopsies, to the detection of the mutations by real-time PCR
and melting curve analysis. Moreover, the system of sensor and
anchor probes used in this assay is able to discriminate be-
tween all of the genotypes in one single reaction, also contrib-
uting to the rapidity of the method. The assay also proved to be
reliable and more sensitive than the phenotypic methods, es-
pecially in the detection of resistant strains. Since the amplified
fragment is species specific for H. pylori, the determination of
an H. pylori status is performed simultaneously. Compared to
the real-time PCR biopsy assays previously published, our as-
say proved to be able to detect all of the common mutations
associated with clarithromycin resistance, while the assay de-
scribed by Chisholm et al. (4) appeared to be less sensitive (4
biopsies out of 56 were found to be falsely H. pylori negative)
and the evaluation of the clarithromycin resistance was only
performed on four biopsies.

The application of this new method to the rapid detection of
H. pylori and determination of its resistance profile to clar-
ithromycin allows the reconsideration of the strategy of empir-
ical therapy in H. pylori infection. We now have a tool to obtain
the information on clarithromycin susceptibility or resistance
without delaying the treatment, so this method should be used
before the administration of a fast course of eradication treat-
ment without having to wait for cases of failure to perform the
test. This strategy will reduce the proportion of treatment
failures and, therefore, will reduce the cost of treatment.
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