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Recently, the development of antibiotic resistance emerged as a significant clinical problem in the eradica-
tion of Helicobacter pylori. We investigated the MICs of antibiotics for 135 H. pylori isolates from adults in
Seoul, South Korea, over the past 16 years. The MICs of amoxicillin, clarithromycin, metronidazole, tetracy-
cline, azithromycin, and ciprofloxacin increased from 1987 to 2003. Rates of primary resistance to clarithro-
mycin increased from 2.8% in 1994 to 13.8% in 2003. The A2144G mutation was frequently observed in the 23S
rRNA gene in clarithromycin-resistant isolates. The increase in resistance to clarithromycin seems to result in
a decrease in eradication efficacy for H. pylori. These results suggest that the MICs of several antibiotics for
H. pylori have increased over the past 16 years in Seoul.

Helicobacter pylori infection is recognized as a causal factor
of chronic gastritis, peptic ulcer, and gastric cancer (23). Thus,
H. pylori should be eradicated in patients with peptic ulceration
(23), as eradication not only accelerates ulcer healing (7) but
also prevents long-term ulcer relapse (6). Treatment regimens
containing a proton pump inhibitor (PPI) and a combination of
two or more antibiotics, such as amoxicillin, clarithromycin,
metronidazole, and tetracycline, are considered to be most
efficacious (17), but drug resistance is a growing problem (1, 8,
15, 16).

The frequencies of resistance to antibiotics have varied
widely according to geographical regions and subgroups within
study populations (1, 4). For example, metronidazole resis-
tance is found in 10 to 50% of strains from H. pylori-positive
adults in the developed world (1, 4, 5), whereas virtually all
strains from developing countries are resistant (19). The clar-
ithromycin resistance rate, which is relatively low and ranges
from 2 to 15% (1, 3, 5, 12, 21), has also been increasing. This
background information makes it clear that there is a need to
explore the status of and changes in H. pylori resistance to
antibiotics in recent years. Moreover, treatment for H. pylori
infection is usually started on an empirical basis, and if an
infecting strain is resistant, its successful eradication is ham-
pered. Nevertheless, little information is available regarding
the prevalence of primary antibiotic resistance of H. pylori and
the mechanism of clarithromycin resistance in South Korea.
The aim of this study was to assess the MICs of several anti-
biotics for H. pylori isolates from patients in Seoul, South
Korea, over the past 16 years. The mutations in clarithromycin-
resistant H. pylori strains, which could explain the organism’s
resistance mechanism, especially were investigated in these
clinical isolates.

MATERIALS AND METHODS

Patients and H. pylori strains. One hundred thirty-five strains of H. pylori were
isolated from antral gastric mucosal biopsy specimens obtained from adults in
Seoul in 1987 (34 strains from Hanyang University Hospital; mean age of patient
� standard deviation, 55.9 � 17.4 years; male/female ratio, 18:16), in 1994 (36
strains from Seoul National University Hospital; patient age, 50.3 � 11.2 years;
male/female ratio, 17:19), and in 2003 (65 strains from Seoul National University
Hospital; patient age, 58.1 � 10.2 years; male/female ratio, 37:28). The diagnoses
in 1987 included gastritis (n � 10 patients), gastric ulcer (n � 8), duodenal ulcer
(n � 13), and gastric cancer (n � 3). The diagnoses in 1994 included gastritis (n
� 12), gastric ulcer (n � 10), duodenal ulcer (n � 9), and gastric cancer (n � 5).
The diagnoses in 2003 included gastritis (n � 4), gastric ulcer (n � 13), duodenal
ulcer (n � 47), and gastric cancer (n � 1). No patients had taken antibiotics,
PPIs, or nonsteroidal anti-inflammatory drugs during the preceding 3 months.
The H. pylori strains were cultured under microaerophilic conditions (5% O2,
10% CO2, and 85% N2) as previously described (13). We obtained one isolate
per patient, and all tested strains were the first isolates. All stock cultures were
maintained at �70°C in brucella broth supplemented with 15% glycerol. These
preparations were thawed and subcultured for experiments.

Antibiotic MIC testing. The determination of MICs of amoxicillin (Sigma
Chemical Co., St. Louis, Mo.), clarithromycin (Abbott Laboratories, Abbott
Park, Ill.), metronidazole (Sigma), tetracycline (Sigma), azithromycin (Groton
Laboratories, Pfizer Inc., Groton, Conn.), and ciprofloxacin (Sigma) for the H.
pylori isolates were examined by use of the serial twofold agar dilution method as
described previously (22). Briefly, the bacteria were subcultured on Mueller-
Hinton agar supplemented with 5% defibrinated sheep blood for 48 h. A bac-
terial suspension adjusted to 107 CFU was inoculated directly onto each antibi-
otic-containing agar dilution plate. After incubation of the plate for 72 h, the
MIC of each antibiotic was determined. Quality control was performed with H.
pylori ATCC 43504. The MIC breakpoint of clarithromycin was set at �1.0 �g/ml
(22).

Restriction fragment length polymorphism analysis and DNA sequencing.
The extraction of H. pylori genomic DNA was performed as reported previously
(13). To detect the mutation in the 23S rRNA gene that resulted in clarithro-
mycin resistance, we used oligonucleotide primers (sense, 5�-CGT AAC TAT
AAC GGT CCT AAG-3�; antisense, 5�-TTA GCT AAC AGA AAC ATC
AAG-3�) and a thermal cycler (GeneAmp PCR system 9600; Perkin-Elmer
Cetus, Norwalk, Conn.). The PCR profile consisted of 35 cycles of 1 min of
denaturation at 94°C, 1 min of annealing at 57°C, and 1 min of extension at 72°C.
Amplicons (291 bp each) of the 23S rRNA gene were either digested with BsaI
(New England BioLabs, Beverly, Mass.) for 18 h at 50°C to detect the adenine-
to-guanine mutation at position 2144 or digested with BbsI (New England Bio-
Labs) for 18 h at 37°C to detect the A2143G mutation (27). Digested fragments
were separated on a 1.5% agarose gel and viewed on a UV transilluminator.
Sequencing was performed with the two strands of the nonrestricted amplicons
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FIG. 1. Distributions of antibiotic MICs for H. pylori over a 16-year period. Thirty-four strains were examined in 1987, 36 strains were examined
in 1994, and 65 strains were examined in 2003. The color key in panel A applies to all panels. MICs were determined by use of the agar dilution
method. MICs of amoxicillin (A), clarithromycin (B), metronidazole (C), tetracycline (D), azithromycin (E), and ciprofloxacin (F) are shown.
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by use of an ABI PRISM 377 DNA sequencer (Applied Biosystems, Foster City,
Calif.).

RESULTS AND DISCUSSION

Distribution of antibiotic MICs and prevalence of clarithro-
mycin resistance. Several studies have found no amoxicillin-
resistant strains among primary isolates in Japan (11), Korea
(12), or Bulgaria (2), and many studies have shown that all
strains examined are susceptible to amoxicillin (1, 10). The
official breakpoint for amoxicillin resistance has not been des-
ignated for H. pylori isolates by the NCCLS. Therefore, we
cannot assign any provisional breakpoint to amoxicillin. How-
ever, H. pylori strains for which the amoxicillin MICs were
�0.5 �g/ml were found in 1994 and 2003; the MICs for 2
strains in 1994 (5.6%) and for 12 strains in 2003 (18.5%) were
�0.5 �g/ml. Furthermore, the MICs for two strains in 1994 and
for three strains in 2003 were also 8 �g/ml (Fig. 1A).

The patterns of clarithromycin MICs in 1987, 1994, and 2003
were similar (range, 0.0625 to 0.0.5 �g/ml), but MIC ranges
broadened over the study period, from 0.0625 to 0.25 �g/ml in
1994 to 0.0625 to 64 �g/ml in 2003 (Fig. 1B), meaning that the
prevalence of clarithromycin resistance had increased from 0%
(0 of 34 isolates were resistant) to 2.8% (1 of 36 isolates were
resistant) in 1994 to 13.8% (9 of 65 isolates were resistant) in
2003 (the resistance breakpoint for clarithromycin was defined
as an MIC of 1.0 �g/ml). Interestingly, the clarithromycin
MICs showed a bimodal distribution in 2003 (Fig. 1B), when
the MICs for clarithromycin-resistant strains ranged between
16 and 64 �g/ml. With respect to clarithromycin, the resistance
of H. pylori in vitro was found to be equal to its resistance in
vivo (5). Moreover, clarithromycin administration may result
in selection for a resistant strain, and this acquired resistance
to clarithromycin is stable (19), which could explain the bi-
modal distribution of clarithromycin MICs found in 2003.

The distribution of metronidazole MICs demonstrated a
continuous spectrum ranging between 1 and �256 �g/ml and
showed a definite shift to high concentrations in 2003 (Fig.
1C). The prevalence of H. pylori isolates for which the metro-
nidazole MICs were �8 �g/ml increased from 52.9% in 1987 to
66.2% in 2003. This phenomenon has also been reported in
other countries (25). Metronidazole has been widely pre-
scribed for infections such as parasitic or female genital infec-
tions in Korea, and the growing use or abuse of this inexpen-
sive drug may have contributed to these increased MICs, also
explaining the finding that H. pylori strains for which metroni-

dazole MICs are �8 �g/ml are more common in women (Ta-
ble 1).

A report showed that primary resistance to tetracycline is
rare in H. pylori isolates (20). However, no official breakpoint
for tetracycline resistance has been designated for H. pylori
isolates. In our study, H. pylori strains for which tetracycline
MICs were �4 �g/ml were found in 1987 (5.9%) and 2003
(12.3%). Interestingly, H. pylori strains for which tetracycline
MICs were �4 �g/ml were not found in 1994 (0%); the range
of tetracycline MICs in 1994 was 0.125 to 1.0 �g/ml (Fig. 1D).
This temporary reduction in MICs might have resulted from
reduced drug consumption, as the production of tetracycline in
1995 was �12% lower than it was in 1990 (14).

Azithromycin and ciprofloxacin have been proposed as com-
ponents of a triple PPI-based regimen (9, 27). The MIC pat-
terns of azithromycin and of ciprofloxacin in 1987 were similar,
but the MIC patterns changed to a bimodal distribution in
2003, as shown in Fig. 1E and F. Although the official break-
points for azithromycin and ciprofloxacin resistance have not
been designated for H. pylori isolates, the number of H. pylori
strains for which MICs were �1.0-�g/ml increased from 1994
to 2003. Thus, the prevalence of H. pylori isolates for which
azithromycin MICs were �1 �g/ml increased rapidly from
5.9% in 1987 to 33.3% in 1994 (Fig. 1E). In addition, the
prevalence of H. pylori isolates for which ciprofloxacin MICs
were �1 �g/ml increased more gradually, from 0% in 1987 to
33.3% in 2003 (Fig. 1F). However, we did not find any signif-
icant correlation between MICs of antibiotics and diagnosis.

These results demonstrate that, from 1994 to 2003, the MICs
of amoxicillin, clarithromycin, metronidazole, tetracycline,
azithromycin, and ciprofloxacin have been increasing for H.
pylori strains isolated from the Korean population in Seoul.
The results also indicate the need for the continuous surveil-

FIG. 2. Restriction endonuclease analysis of 23S rRNA amplicons.
(A) Digestion with BsaI; (B) digestion with BbsI. The A2144G muta-
tion was found in lanes 5 to 9 and in lanes 11 and 12 but not in lanes
3, 4, and 10. Note that the A2143G mutation detected by digestion with
BbsI was not detected in any of the strains studied. Lanes 3, 4, and 10
revealed the T2183C mutation, as assessed by DNA sequencing. Lane
M, DNA size markers (indicated to the left of the gels in base pairs);
lane 1, H. pylori ATCC 43504; lane 2, Escherichia coli DNA; lanes 3 to
12, clarithromycin-resistant H. pylori strains. Clarithromycin MICs are
16 (lane 3), 32 (lane 4), 32 (lane 5), 32 (lane 6), 32 (lane 7), 32 (lane
8), 16 (lane 9), 16 (lane 10), and 64 (lane 11) �g/ml.

TABLE 1. Distribution of H. pylori isolates for which
metronidazole MICs were �8 �g/ml

Yr
No. (%) of infected patientsa

Male Female Total

1987 8/18 (44) 10/16 (63) 18/34 (53)
1994 9/17 (53) 13/19 (68) 22/36 (61)
2003 22/37 (59) 21/28 (75) 43/65 (66)

Total 39/72 (54) 44/63 (70) 83/135 (61)

a Number of male or female patients infected with H. pylori isolates for which
metronidazole MICs were �8 �g/ml/total number of male and/or female pa-
tients.
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lance of antibiotic susceptibilities. Moreover, they indicate that
susceptibility testing should be conducted before treatment to
maximize therapeutic efficacy.

Gene mutations resulting in clarithromycin resistance. Cla-
rithromycin-resistant strains frequently carry mutations in the
23S rRNA gene (17). Versalovic et al. (26) showed that A-to-G
point mutations at positions 2143 and 2144 within domain V of
the 23S rRNA gene are a cause of clarithromycin resistance.
An A2143C mutation was also reported in the same gene,
although it is rare (24). These mutations reduced the affinity
between clarithromycin and the 23S ribosomal component, re-
sulting in impaired activity against H. pylori (18). In the present
study, the A2144G mutation in the 23S rRNA gene was detected
in 7 of 10 clarithromycin-resistant strains (70%) by BsaI digestion
(Fig. 2A). In contrast, this mutation was not detected in strains for
which clarithromycin MICs were �0.5 �g/ml, and none of the
PCR products of these strains were digested with BbsI (Fig. 2B).
Sequencing of the remaining three clarithromycin-resistant
strains (30%) revealed a T-to-C mutation at position 2183
(T2183C). However, we did not find any correlation between the
mutation type and the clarithromycin MICs.

Clinical outcome. In the present study, 43 of 65 patients in
2003 were followed up to determine H. pylori eradication after
PPI triple therapy, consisting of amoxicillin (1,000 mg twice daily)
and clarithromycin (500 mg twice daily) for 1 week. It was found
that the therapy successfully eradicated H. pylori in 32 of the 43
patients (74%); the rates of eradication were 97% for the clar-
ithromycin-susceptible strains (for which clarithromycin MICs
were �1.0 �g/ml and for which amoxicillin MICs were 	0.5
�g/ml) and 0% for the clarithromycin-resistant strains (for which
clarithromycin MICs were �1.0 �g/ml) (Table 2). These results
suggest that the decrease in eradication efficacy for H. pylori might
originate from the increase in resistance to clarithromycin over 16
years. Further surveillance regarding the effect of antibiotic resis-
tance on the eradication rate is necessary to establish the appro-
priate treatment for H. pylori infection.

In conclusion, these results suggest that the MICs for H.
pylori of several antibiotics have increased over the past 16
years in Seoul.
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