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The resistance of Helicobacter pylori to the recently available antibiotic treatment regimens has been a
growing problem. We investigated the prevalence of H. pylori resistance to clarithromycin, metronidazole, and
amoxicillin among 51 H. pylori isolates from Japanese children. In addition, the mutations of the corresponding
gene were studied by PCR and restriction fragment length polymorphism analysis. Primary resistance to
clarithromycin, metronidazole, and amoxicillin was detected in 29, 24, and 0% of strains, respectively. The
eradication rates in clarithromycin-susceptible and -resistant strains were 89 and 56%, respectively (P < 0.05).
The prevalence of strains with acquired resistance to clarithromycin (78%) was higher than that of strains with
primary resistance (P < 0.01). Among the clarithromycin-resistant strains studied, 92% showed cross-resis-
tance to azithromycin. No acquired resistance to amoxicillin was demonstrated. The A2144G mutation in the
23S rRNA gene was detected in 11 of 12 (92%) clarithromycin-resistant strains tested, whereas the mutation
was not detected in any of the 15 susceptible strains. The deletion of the rdxA gene was not demonstrated in
any of the strains. The results indicate that a high prevalence of clarithromycin-resistant strains is associated
with eradication failure. Testing of susceptibility to clarithromycin is recommended.

In adults, Helicobacter pylori plays an important role in the
pathogenesis of chronic gastritis, peptic ulcer disease, and pos-
sibly, gastric carcinoma. H. pylori infection is also associated
with chronic gastritis and duodenal ulcer in children (5, 13).
Eradication of the organism not only accelarates ulcer healing
(14) but also prevents long-term ulcer relapse (12). Recently,
proton pump inhibitor (PPI)-based eradication regimens con-
taining two antibiotics have been demonstrated to have high
eradication rates (greater than 90%) (3, 22). Amoxicillin, cla-
rithromycin, and metronidazole are the most frequently used
antibiotics for the treatment of H. pylori infection. However,
antibiotic resistance frequently causes failure of eradication of
H. pylori (1, 16, 21). The resistance of H. pylori to the recently
available antibiotic treatment regimens has been a growing
problem. In developed countries, metronidazole resistance is
found in 10 to 50% of adult patients infected with H. pylori (1,
10, 11), whereas virtually all strains are resistant to the agent in
developing countries (26). On the other hand, although the
rates of clarithromycin resistance are relatively low, ranging
from 2 to 15% (1, 2, 10, 11, 27), the rate of clarithromycin
resistance has been increasing during recent years.

With regard to antibiotic resistance, however, there have
been few reports of antibiotic resistance in children 2, 17, 23;
M. Lopez-Brea, M. Martinez, D. Domingo, and T. Alarcon,
abstract from the XIII International Workshop on Gastrodu-
odenal Pathology and Helicobacter pylori, Gut 47(Suppl. 1):
A95, 2000], and its clinical significance remains to be estab-

lished. The purpose of the present study was to determine the
prevalence of antibiotic resistance among H. pylori strains iso-
lated from Japanese children. The mutations of the corre-
sponding genes in clinical isolates were also investigated.

Patients and bacterial strains. From December 1999 to
March 2001, a total of 51 H. pylori isolates from 48 pediatric
patients (ages, 5 to 16 years; mean age, 11.9 years) were stud-
ied. Biopsy specimens were taken from the gastric antrum or
body for the testing of H. pylori. The diagnoses included gas-
tritis (n � 27), gastric ulcer (n � 2), and duodenal ulcer (n �
19). Among these patients, 42 patients had no prior history of
eradication therapy; 36 patients received a 7- to 14-day course
of a PPI, omeprazole or lansoprazole, plus amoxicillin and
clarithromycin as the first-line therapy (18, 19). Three patients
in whom eradication was unsuccessful during the period of the
study and six patients with previous histories of eradication
failure with amoxicillin and clarithromycin treatment received
second-line therapy with a PPI and amoxicillin plus metroni-
dazole (n � 6) or minocycline (n � 3); H. pylori was isolated
from all nine patients before the start of the second-line ther-
apy. Eradication was confirmed by tests with the biopsy spec-
imens (histology, rapid urease test, and/or culture) and the
[13C]urea breath test at 1 to 3 months after the therapy was
completed.

H. pylori strains were cultured under a microaerophilic at-
mosphere (5% O2, 15% CO2, 80% N2) at 37°C for 3 to 7 days,
and the isolates were identified by Gram staining and biochem-
ical tests for catalase, oxidase, and urease activities. For the
PCR assay, 27 of 51 H. pylori strains were stored at �70°C in
brucella broth with 5% fetal bovine serum.

Antimicrobial susceptibility testing. The susceptibilities of
the H. pylori isolates to clarithromycin, metronidazole, amoxi-
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cillin, and azithromycin were examined by a microdilution
method (20). The bacteria were subcultured on Mueller-Hin-
ton agar supplemented with 10% defibrinated horse blood
under the same microaerophilic atmosphere mentioned above
(5% O2, 15% CO2, 80% N2) at 37°C for 48 h. The bacterial
suspension was adjusted to a final concentration of a McFar-
land no. 1 standard. A 96-well microplate (Eiken, Tokyo, Ja-
pan) was prepared with twofold increments of antibiotic con-
centrations and by inoculation of 100 �l of the bacterial
suspension into each well. After 72 h of incubation under a
microaerophilic atmosphere (5% O2, 5% CO2, 90% N2) at
37°C, the MIC of each antibiotic was determined. Quality
control was performed with H. pylori ATCC 43504. According
to Glupczynski et al. [Y. Glupczynski, F. Mégraud, L. P.
Andersen, and M. Lopez-Brea, abstract from the XII Interna-
tional Workshop on Gastroduodenal Pathology and Helicobac-
ter pylori, Gut 45(Suppl. 3):A3, 1999], resistance breakpoints
for metronidazole and amoxicillin were defined as �8 and
�0.5 �g/ml, respectively. The breakpoint for clarithromycin
was defined as �1.0 �g/ml (28). The breakpoint for azithro-
mycin was provisionally defined as �1.0 �g/ml.

PCR and restriction fragment length polymorphism analy-
sis. The extraction of H. pylori genomic DNA was performed as
reported previously (33). The DNA extracts were stored at 4°C
for no longer than 14 days until the PCR assay. For the detec-
tion of mutation of the gene for clarithromycin resistance,
oligonucleotide primers 18 (5�-AGTCGGGACCTAAGGCG
AG-3�) and 21 (5�-TTCCCGCTTAGATGCTTTCAG-3�)
were used for PCR amplification of the 23S rRNA gene (34).
For the detection of metronidazole resistance, primers RdxA1
(5�-AATTTGAGCATGGGGCAGA-3�) and RdxA2 (5�-GAA
ACGCTTGAAAACACCCCT-3�) were used for determina-
tion of deletion of the rdxA gene (4). Each PCR amplification
was performed in a thermal cycler (PE Applied Biosystems,
Chiba, Japan), as described previously (4, 34).

Approximately 1.4-kb amplicons of the 23S rRNA gene were
digested with MboII (Takara, Shiga, Japan) for 14 h at 37°C for
the detection of an adenine-to-guanine mutation at position
2143 and were digested with BsaI (Takara) for 14 h at 55°C for
the detection of the A2144G mutation (33). Digested frag-
ments were separated on a 1% agarose gel containing ethidium
bromide (0.5 �g/ml) and were viewed on a UV transillumina-
tor. The sizes of the PCR products of the rdxA gene were an-
alyzed by 1.5% agarose gel electrophoresis containing ethid-
ium bromide (0.5 �g/ml).

Statistical analysis. The difference between the rates of pri-
mary and acquired resistance and the difference in eradication
rates between patients infected with clarithromycin-susceptible
and -resistant strains were analyzed by Fisher’s exact test. A
P value of �0.05 was regarded as statistically significant.

Prevalence of antibiotic resistance and MICs. Primary re-
sistance to clarithromycin, metronidazole, and amoxicillin was
demonstrated in 29, 24, and 0% of the strains, respectively.
Ten percent of the strains were resistant to both clarithromycin
and metronidazole. Strains isolated from seven (78%) of nine
patients with first-line treatment failure were resistant to cla-
rithromycin. The prevalence of strains with acquired resistance
to clarithromycin was higher than that of strains with primary
resistance (P � 0.01). No strains that acquired resistance to
amoxicillin were detected. Among 12 clarithromycin-resistant

strains studied, 11 strains (92%) showed cross-resistance to
azithromycin. For all 15 clarithromycin-susuceptible strains,
azithromycin MICs were �1 �g/ml. The clarithromycin MICs
showed a bimodal distribution (Fig. 1): the MICs for clarithro-
mycin-resistant strains ranged between 1 and 16 �g/ml. In con-
trast, the distribution of the metronidazole MICs demonstrat-
ed a continuous spectrum and ranged between 1 and 32 �g/ml.

Clinical outcome. In the present study, first-line therapy with
clarithromycin and amoxicillin was successful in eradicating
H. pylori from 29 of 36 patients (81%): the rates of eradication
were 89% for the clarithromycin-susceptible strains and 56%
for the clarithromycin-resistant strains (P � 0.05). Second-line
therapy with amoxicillin and metronidazole or minocycline was
successful for six of seven patients (86%) infected with clar-
ithromycin-resistant strains; H. pylori was eradicated from two
patients infected with clarithromycin-susceptible strains.

Detection of gene mutations. On the basis of an analysis with
BsaI digestion, the A2144G mutation in the 23S rRNA gene
were detected in 11 of 12 (92%) clarithromycin-resistant strains
tested (Fig. 2). In contrast, this mutation was not detected in
the remaining 15 strains for which clarithromycin MICs were
�0.06 �g/ml. The PCR products from none of the strains were
digested with MboII. For all 27 strains studied, the rdxA am-
plicon was approximately 800 bp. No deletion of the rdxA gene
has been suggested because the PCR amplicon in metronida-
zole-resistant strains with the mutational deletion is 200 bp
smaller than expected from the published sequences (4).

In an intention-to-treat analysis for adults, new triple-drug
regimens containing clarithromycin achieve an overall H. pylori
eradication rate of about 90% (16). However, it has been
suggested that H. pylori resistance to clarithromycin is a major
predictor of eradication failure with regimens containing the
antibiotic [16; R. Cayla, F. Zerbib, P. Talbi, F. Mégraud, and
H. Lamouliatte, abstract from the 4th United European Gas-
troenterology Week, Gut 37(Suppl. 2):A152, 1995]. The
present study has shown that primary resistance to clarithro-
mycin is frequently observed in Japanese children. In early
studies with isolates from children, most H. pylori strains were
susceptible to macrolides (23). On the other hand, recent stud-
ies have reported that clinical isolates from children are clar-
ithromycin resistant, with rates of resistance ranging from 18 to
44.8% [2, 17; Lopez-Brea et al., Gut 47(Suppl. 1):A95, 2000].
The prevalence of clarithromycin resistance in H. pylori has
increased during the periods studied (26). This new macrolide
has commonly been used for the treatment of various diseases
in the pediatric patient population, including respiratory
tract infections. In Japan, according to its recent market share,
clarithromycin accounts for more than 10% of oral antibiotics
administered to children. In a Portuguese study, the rate of
clarithromycin resistance was higher among H. pylori isolates
from children than among those from adults (2). Furthermore,
the present study has demonstrated that the cross-resistance
between clarithromycin and azithromycin is nearly complete in
H. pylori isolates. Glupczynski et al. (8) reported cross-resis-
tance among three macrolides. It appears that a rise in the
prevalence of clarithromycin resistance is associated with the
increasing use of macrolides in clinical practice.

As in previous reports [1, 2, 8, 24; Cayla et al., Gut 37(Suppl.
2):A152, 1995] the prevalence of clarithromycin resistance in-
creased significantly with treatment failure. Some patients can
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simultaneously harbor multiple H. pylori strains (15). More-
over, both clarithromycin-susceptible and -resistant strains
have been isolated from some patients with no history of ex-
posure to macrolides (25). Finally, in patients with eradication

failure, strains recovered pretreatment and posttreatment had
the same molecular typing patterns (7, 30). These findings
suggest that administration of clarithromycin may select for the
resistant strains. However, it remains unclear how clarithromy-

FIG. 1. Distribution of antibiotic MICs for 51 H. pylori strains. In the present study, resistance breakpoints for clarithromycin, metronidazole,
and amoxicillin were defined as �1.0, �8, and �0.5 �g/ml, respectively.

FIG. 2. Restriction endonuclease analysis of 23S rRNA amplicons. (A) Digestion with BsaI; (B) digestion with MboII. Lanes 1 to 5,
clarithromycin-resistant H. pylori strains for which MICs are 8, 4, 2, 1, and 4 �g/ml, respectively; lanes 6, clarithromycin-susceptible H. pylori strain
for which the MIC is �0.015 �g/ml; lanes M, DNA size markers (the numbers between the panels are in base pairs). The A2144G mutation was
found in lanes 1 to 4 but was not found in lane 5. Note that the A2143G mutation detected by digestion with MboII was not detected in any of
the strains studied.
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cin resistance is induced in H. pylori. It has been known that
acquired resistance to clarithromycin is stable (26). Regarding
clarithromycin, in vitro resistance in H. pylori equates with in
vivo resistance (11). This can be explained by the clear-cut
bimodal distribution of clarithromycin MICs shown in the
present study. Although susceptibility testing has not previ-
ously been recommended for H. pylori, we believe that in the
case of clarithromycin, there is now mounting evidence in favor
of such testing.

Clarithromycin-resistant strains frequently have mutations
in the 23S rRNA gene (24). Versalovic et al. (33, 34) 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. The A2143C mutation in the same gene was also
reported, although it is rare (31). These mutations cause a
decreased affinity of clarithromycin for the 23S ribosomal com-
ponent, resulting in the impaired activity of clarithromycin
against H. pylori (25). In a recent study, the A2143G mutation
was consistently associated with high levels of clarithromycin
resistance (MICs, �64 �g/ml [33] or �256 �g/ml [6]), whereas
the mutants carrying the A2144G mutation showed low-level
resistance. In the present study, all strains which had low-level
resistance to clarithromycin demonstrated the A2144G muta-
tion. Thus, our results support the fact that the A2144G mu-
tation in the 23S rRNA gene of H. pylori is linked to clarithro-
mycin resistance. In 2000, the National Committee for Clinical
Laboratory Standards (28) defined the breakpoint for resis-
tance to clarithromycin as an MIC of �1 �g/ml. The present
study confirms the validity of this definition.

On the other hand, no strains were resistant to amoxicillin.
Recently, amoxicillin resistance with a stable genetic feature
has been reported (32). In Brazil, resistance to amoxicillin has
been detected in 29% of strains recovered posttreatment (27).
However, many studies have shown that all strains examined
are susceptible to amoxicillin (1, 17). The clinical significance
of amoxicillin susceptibility testing has not been documented
(26).

Regarding the mechanism of metronidazole resistance in H.
pylori, it has been hypothesized that mutations in the rdxA
gene, which encode an oxygen-insensitive NADPH nitroreduc-
tase, are responsible for the resistance (9). However, some
investigators have questioned the mutational inactivation of
the rdxA gene (26). A continuous spectrum of metronidazole
MICs suggests that there are many different pathways for the
resistance (11). In the present study, the deletion of the rdxA
gene was not found in any of the strains tested. The prevalence
of metronidazole-resistant strains in children has been re-
ported to be 19% in Portugal (2), 23% in Spain [Lopez-Brea et
al., Gut 47(Suppl. 1):A95, 2000], and 43% in France (17). In
contrast, a Canadian study has reported that all strains of H.
pylori were susceptible to metronidazole (23). In Japan, the use
of metronidazole in children is very rare because this antimi-
crobial agent is indicated only for trichomoniasis or Clostrid-
ium difficile-associated enteritis. Unlike clarithromycin, in vitro
resistance to metronidazole does not always reflect in vivo
resistance (11). Further studies are needed for standardization
of the breakpoint for metronidazole in H. pylori.

Agar or broth dilution methods are well established for
standard susceptibility testing for H. pylori but are difficult to
perform routinely in the clinical laboratory. For this reason,

the E test has been widely performed and has yielded results
equivalent to those of the agar or broth dilution methods.
Recently, it has been suggested that the results of the microdi-
lution method show excellent concordance with those of these
standard methods (20, 29). In the present study, the microdi-
lution method was performed in an incubation atmosphere
with 5% CO2. A higher concentration of CO2 may cause in-
stability of the clarithromycin MICs. As a consequence, the
results of clarithromycin MIC testing clearly correlated with
the results of mutational analysis of the 23S rRNA gene. We
believe that the microdilution method is an easy-to-use alter-
native for susceptibility testing for H. pylori. Further surveil-
lance of antibiotic resistance in various communities is needed
to establish the appropriate treatment of H. pylori infection.

We thank S. Toyoda, D. Abukawa, B. Yoshimura, A. Sawada, and
M. Takahashi for help with the present study.
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