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The outcome of Helicobacter pylori infection was analyzed in 114 dyspeptic patients treated with triple-drug
therapy including clarithromycin. Clarithromycin resistance (in 20.2% of our isolates) was mainly caused by
an A2142G mutation in the 23S rRNA gene of H. pylori. H. pylori eradication was obtained in all patients with
clarithromycin-susceptible isolates but not in any patients with clarithromycin-resistant isolates (P � 0.0001).
Therefore, it would be useful to conduct H. pylori antimicrobial susceptibility testing of the first gastric biopsy
culture before choosing the first three drugs for therapy of infected patients.

Helicobacter pylori infects about 50% of the world’s popula-
tion and is thus a major source of gastritis, gastric ulcer, and
duodenal ulcer and an important risk factor for gastric cancer
(11, 12, 21). In the Republic of Korea, it is estimated that about
60 to 70% of adults are infected with H. pylori (8). A recent
consensus statement on H. pylori infection (3) indicates that
gastrointestinal endoscopy with a biopsy is the preferred
method of investigation for patients with digestive symptoms
suggestive of organic disease. It is widely accepted that all
patients with gastric or duodenal ulcer and H. pylori infection
should be treated with antimicrobial agents, since eradication
of the bacteria cures peptic ulcer disease and efficiently pre-
vents relapses (3). For adults, the recommended triple-drug
therapies consist of a proton pump inhibitor (PPI) (omepra-
zole) together with amoxicillin and clarithromycin or metroni-
dazole (6). Metronidazole resistance is high (50% in Europe),
and H. pylori eradication rates are lower for adults infected
with a metronidazole-resistant isolate than for those infected
with a susceptible one (1). Furthermore, the presence of CagA
(cytotoxin-associated gene)-positive isolates leads to difficul-
ties in bacterial eradication (14). The consensus statement (3)
proposes a follow-up strategy for those who remain infected
after a first-cure treatment, i.e., a second endoscopy with cul-
ture and antimicrobial susceptibility testing and adapting the
treatment. In contrast, no proposal is made recommending
primary culture and antimicrobial susceptibility before first-
line treatment for infected adults. Clarithromycin-resistant H.
pylori isolates are becoming increasingly prevalent, although it
is not clear to what extent these resistant organisms will spread
and cause treatment failure of patients with peptic ulcers.

First, we analyzed the prevalence and mechanism of clar-
ithromycin resistance in H. pylori strains isolated from infected
adults with peptic ulcers before and after eradication therapy.
Second, we examined the effect of clarithromycin resistance on

the eradication of H. pylori in the patients and evaluated the
usefulness of testing H. pylori antimicrobial susceptibility in the
first gastric biopsy culture before choosing the appropriate
treatment for patients. The CagA expression status of all pa-
tients was determined in order to avoid bias in the interpreta-
tion of results.

This study was a prospective study of a single center; a total
of 114 patients with symptoms of dyspepsia undergoing upper
gastrointestinal endoscopy at the Research Center of Gastro-
enterology of the Dankook University Hospital in Cheonan,
Republic of Korea, between January 2000 and June 2002 were
studied. Informed consent was obtained from all patients.
Characteristics of the patients are shown in Table 1. The in-
clusion criteria were the presence of gastric or duodenal H.
pylori infection as documented by histology, the rapid urease
test (RUT), detection of the 26-kDa cell surface antigen (SSA)
gene of H. pylori, and a positive culture for H. pylori isolates.
All patients underwent endoscopy, and three biopsies taken
from the antrum were used for a RUT (CLO test; Delta West
Pty, Ltd., Bentley, Western Australia, Australia), histology,
and culture. For histological examination, biopsy specimens
were immediately fixed in buffered neutral formalin and em-
bedded in paraffin. Sections were stained with hematoxylin and
eosin stain and modified Giemsa stain (Difco Laboratories,
Detroit, Mich.) for the detection of H. pylori. The exclusion
criteria included the following: age �18 or �90 years; treat-
ment with a PPI (omeprazole, lansoprazole, or pantoprazole),
H2 blocker (cimetidine, ranitidine, nizatidine, famotidine, or
roxatidine), and/or antibiotics, including clarithromycin, met-
ronidazole, or amoxicillin during the 8 weeks preceding the
study; gastrointestinal malignancy; severe concomitant diseas-
es; history of allergy; previous gastric surgery; pregnancy or
lactation; alcohol abuse; drug addiction; chronic use of corti-
costeroids or nonsteroidal anti-inflammatory drugs.

A total of 114 isolates of H. pylori were cultured from biopsy
specimens taken during endoscopy. Antral biopsy specimens
were cultured on selective medium (Helicobacter selective
agar plus 7% defibrinated horse blood; Becton Dickinson,
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Cockeysville, Md.). The plates were incubated for 5 to 7 days
at 37°C in microaerobic conditions (Campy Pak Plus; BBL,
Becton Dickinson) and 100% relative humidity. Isolated
strains were frozen at �70°C in brucella broth (Difco Labora-
tories). The MICs of amoxicillin (Sigma, St. Louis, Mo.) and
clarithromycin (Abbott Laboratories, Queensborough, Kent,
United Kingdom) were determined by the Etest (AB Biodisk,
Uppsala, Sweden). Suspensions adjusted to a turbidity approx-
imating the turbidity of a McFarland standard of 2 were used.
Plates were incubated for 72 h at 37°C under microaerobic
conditions. Isolates were considered resistant to amoxicillin
and clarithromycin if the amoxicillin and clarithromycin MICs
were above 0.5 and 1.0 �g/ml, respectively (10). H. pylori
ATCC 43505 was used as a control. The molecular method
used for diagnosis of H. pylori infection was PCR amplification
of a fragment of the SSA gene from H. pylori isolates by the
method of Mikula et al. (9) with designed primer pairs (Table
2). The detection of cagA gene and CagA protein from H.
pylori isolates was performed by the PCR amplification method

(23) using designed primer pairs (Table 2) and the Helicoblot
2.0 Western blot kit (Genelabs, Singapore, Republic of Singa-
pore).

It has been shown that resistance to clarithromycin often
results from G2115A, G2141A, A2142G, A2142C, A2143G,
A2144T, T2182C, and/or T2717C mutations in the 23S rRNA
gene of H. pylori (4, 7, 16, 20). Point mutations in the 23S
rRNA gene were analyzed by PCR-restriction fragment length
polymorphism (RFLP). Genomic DNAs of H. pylori isolates
were prepared by using the Wizard Genomic DNA purification
kit (Promega, Madison, Wis.), and these DNAs were used as
template DNA in PCR with the designed primers (Table 2).
Amplified DNA fragments of 1,204 bp were digested with
MboII and BsaI restriction enzymes, allowing detection of
A2142G and A2143G mutations, respectively. In order to de-
tect point mutations other than A2142G and A2143G and to
confirm A2142G and A2143G mutations, amplicons were an-
alyzed by direct sequencing of both strands with an automated
DNA sequencer (ABI PRISM3100; Applied Biosystems, Weit-
erstadt, Germany).

All adults included in the study had tested positive for H.
pylori by histology, culture, RUT, and PCR detection of the
SSA gene. They received a PPI, omeprazole (20 mg twice a day
[BID]), together with amoxicillin (1 g BID) and clarithromycin
(500 mg BID) for 10 days. Six weeks after the end of treatment,
clinical symptoms were evaluated, and another endoscopy was
performed, with biopsy specimens taken for histological, bac-
teriological, biochemical, and molecular tests. H. pylori eradi-
cation was defined as negative results by all four tests.

Statistical analysis was performed using SPSS software, ver-
sion 11.5 for Windows (SPSS, Inc., Chicago, Ill.). Differences
in the bacterial eradication rate of treatment groups were
assessed by the chi-square test of homogeneity for categorical
variables (�2 test), with P values of �0.05 considered statisti-
cally significant.

A total of 114 patients fulfilled the inclusion criteria and
were enrolled in the study. Active gastric and duodenal ulcers
were diagnosed in 64 (56.1%) and 50 patients (43.9%), respec-
tively (Table 1). RUT and PCR amplification of the SSA gene
revealed that all patients were infected with H. pylori (Table 1).
PCR amplification of the cagA gene showed that 59 of the 114
(51.8%) patients were cagA positive and cagA-positive isolates
expressed CagA protein (128 kDa) (Table 1). Bacteriological
eradication occurred in 42 of the 59 (71.2%) CagA-positive

TABLE 1. Characteristics of the 114 patients referred
for endoscopy

Characteristica No. of patients % of patients

Age (yr)
�30 27 23.7
31–40 29 25.4
41–50 30 26.3
�50 28 24.6

Sex
Male 63 55.3
Female 51 44.7

Indications for endoscopy
Duodenal ulcer 64 56.1
Gastric ulcer 50 43.9

RUT 114 (positive) 100
PCR

SSA 114 (positive) 100
cagA 59 (positive)b 51.8

55 (negative) 48.2

a RUT detects H. pylori. PCR was performed for SSA, the 26-kDa cell surface
antigen gene of H. pylori, and cagA, the cytotoxin-associated gene encoding the
virulence factor of H. pylori.

b According to Western blot analysis, CagA protein was expressed in all cagA
gene-positive H. pylori isolates.

TABLE 2. Nucleotide sequences of the oligonucleotides used for PCR amplification and DNA sequencing

Primer (orientation)a Sequence (5� 3 3�) Position Amplicon size
(bp) PCR primer paire

SSA-Fb (F) TGGCGTGTCTATTGACAGCGAG 220 303 SSA-F/SSA-R
SSA-Rb (R) CCTGCTGGGCATACTTCACCAT 522
CagA-Fc (F) AGTAAGGAGAAACAATG 14824 1320 CagA-F/CagA-R
CagA-Rc (R) AATAAGCCTTAGAGTCTTTTTGGAAAT 16143
Cla-Fd (F) AGTATTCTAAGGCGCGTGAAAG 1743 1204 Cla-F/Cla-R
Cla-Rd (R) GACCTGCATGAATGGCGTAAC 2946

a The orientation of each primer is shown as follows: F, forward; R, reverse.
b Designed according to the sequence of the 26-kDa cell surface antigen gene (SSA; GenBank accession no. M55507) from H. pylori.
c Designed according to the sequence of the cytotoxin-associated gene A (cagA; GenBank accession no. AF282853) from H. pylori.
d Designed according to the sequences of the H. pylori 23S rRNA gene (GenBank accession no. U27270) associated with clarithromycin (Cla) resistance.
e Primer pair for PCR amplification.
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patients and 41 of the 55 (74.5%) CagA-negative patients (P �
0.1).

Since all clarithromycin-susceptible H. pylori isolates were
eradicated, only clarithromycin-resistant isolates were avail-
able for MIC tests after treatment. Clarithromycin-resistant H.
pylori isolates (MIC of �1.0 �g/ml) before and after treatment
were detected in 23 of 114 patients (20.2%). Clarithromycin-
resistant H. pylori isolates after treatment were from the same
patients that had clarithromycin-resistant H. pylori isolates be-
fore treatment, and all clarithromycin-resistant isolates were
sensitive to amoxicillin (MIC of �0.5 �g/ml) (Table 3). In
other words, the incidence of primary resistance was 20.2%,
and the incidence of secondary resistance (resistance in pa-
tients with H. pylori infection in whom a previous triple-drug
therapy failed to eradicate the infection) was 100%. Clinical
signs and symptoms were consistent with posttreatment biopsy
results, and patients with H. pylori-positive posttherapy cul-
tures still had symptoms. No correlation was found between
clarithromycin resistance and patient age, sex, or the presence
of gastric or duodenal ulcer. Analysis of 23S rRNA gene mu-
tations by PCR-RFLP was performed for all H. pylori isolates.
A2142G mutations with complete cleavage by MboII were
detected in 20 of the 23 (87.0%) clarithromycin-resistant iso-
lates. A2143G mutations with complete cleavage by BsaI were
detected in 3 of the 23 (13.0%) clarithromycin-resistant iso-
lates (Table 3). Point mutations other than A2142G and
A2143G were not detected. These results were confirmed by
sequence analyses of all amplicons.

More precisely, H. pylori eradication occurred in 79.8% of
the patients in all adults infected with clarithromycin-sensitive
isolates versus in none of the patients with clarithromycin-
resistant isolates (Table 3). The bacterial eradication failure
rate in A2142G and A2143G mutant groups was the same, and
bacterial eradication failure correlated completely with the two
mutations (100% of each mutant group versus 0% of wild-type
group; P � 0.0001).

This is the first study investigating the usefulness of H. pylori
antimicrobial susceptibility testing in the first gastric biopsy
culture and the lack of efficacy of clarithromycin in cases of
resistance to this drug in the Republic of Korea. The incidence
of clarithromycin resistance is considerably higher than those
reported for northeastern Italy (13), The Netherlands (19),
and Germany (22) but was similar to the incidence previously
reported for southern Italy (18). The incidence of clarithromy-
cin resistance before clarithromycin-based triple-drug therapy
was identical to that after triple-drug therapy, suggesting that

there is no acquired resistance due to the triple-drug therapy.
These data agree with the results of a similar study in Italy (6).

H. pylori resistance to clarithromycin correlated completely
with A2142G and A2143G transition mutations in the 23S
rRNA gene, resulting in a decrease in the affinity of clarithro-
mycin binding to ribosomes. The high incidence of clarithro-
mycin resistance in adults may reflect frequent prescriptions of
macrolides for treatment of respiratory tract infections other
than H. pylori. Some investigators have recently reported the
predominance of an A2143G mutation in primary resistance
isolates (20). This predominance was not shown in our study,
and the A2142G mutation was predominant. Since the H.
pylori genome is known to contain a high degree of genetic
variability (15), Korean H. pylori isolates may be different from
Western isolates of H. pylori.

Clarithromycin resistance was 100% predictive of treatment
failure. In contrast to our data, another study (2) reported that
clarithromycin resistance reduced effectiveness by an average
of 55%. The differences between these rates of eradication can
be explained by the different breakpoints used and different
mutations involved in the mechanism of resistance. High levels
of resistance cannot be dealt with by increasing the dose or
duration of therapy, as previously reported by Graham and
Qureshi (5). Treatment failure should prompt endoscopy, cul-
ture, and susceptibility testing. Retreatment should exclude
antibiotics with acquired resistance. Many studies have high-
lighted the difficulties of retreatment, and it can be stated that
the best available first-line treatment regimen is still the best
rescue treatment (6). The H. pylori eradication rate was signif-
icantly improved when antibiotic therapy was performed on
the basis of the results of antimicrobial susceptibility testing
(18 and 17% improvement in our preliminary results and an-
other report [17], respectively).

We conclude that there is a significant difference in bacterial
eradication rate in patients infected with clarithromycin-resis-
tant H. pylori isolates and clarithromycin-sensitive ones. These
results do not appear to be biased by any differences in patho-
genicity because of the similar CagA expression statuses of the
isolates in both groups. We also suggest that H. pylori antimi-
crobial susceptibility testing of the first gastric biopsy culture is
useful before choosing the first triple-drug therapy in infected
patients and that clarithromycin should not be used to treat
cases of primary resistance.
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TABLE 3. Relationship between A-to-G mutations of clarithromycin-resistant H. pylori isolates and the failed eradication after
clarithromycin-based therapy against 114 patients with gastric or duodenal ulcers

Isolatea (no.) No. of
patientsb (%)

No. of isolates with
eradication failure (%)

MIC (�g/ml)b

Amoxicillin Clarithromycin

Wild type (91) 91 (79.83) 0 (0.00) 0.016–0.063 (S) 0.031–0.125 (S)
A2142G (20) 20 (17.54) 20c (17.54) 0.031–0.125 (S) 32–�256 (R)
A2143G (3) 3 (2.63) 3c (2.63) 0.016–0.125 (S) 4–128 (R)

a Sequence and PCR-RFLP analyses of the 23S rRNA gene from each H. pylori isolated from each patient revealed mutations (A3G) at residues 2142 and 2143.
b Results presented for each isolate before treatment are the same as those after treatment. Abbreviations: S, susceptible; R, resistant.
c Significantly different (P � 0.0001) from the value for wild-type isolates.
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