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Mutations conferring resistance to erythromycin or clarithromycin in Helicobacter pylori were studied.
Mutation A2142G was consistently associated with clarithromycin MIC of >256 mg/ml, whereas mutants
carrying A2143G had MICs ranging from <0.016 to >256 mg/ml, suggesting that additional factors account for
the observed multiple levels of resistance to clarithromycin.

Helicobacter pylori is associated with several gastric condi-
tions (1), and therapies including two antimicrobials (clarithro-
mycin plus amoxicillin or metronidazole) plus a proton pump
inhibitor are currently used (3, 6, 9).

In several bacterial species, mutations from adenine (A) to
guanine (G) at positions 2058 or 2059 in domain V in the 23S
rRNA gene in Escherichia coli confer resistance to several
macrolides (20). Versalovic et al. (17) observed the association
between A2059G or A2058G mutations and resistance to cla-
rithromycin in H. pylori isolates from seven patients. Stone et
al. (12, 13) reported the additional A2058C mutation in three
clarithromycin resistant isolates. Taylor et al. (15) reassigned
the former 2058 and 2059 as positions 2142 and 2143 based on
their exact positions in the 23S rRNA gene in H. pylori. The
aims of the present study were to analyze the association be-
tween macrolide resistance and point mutations at positions
2142 and 2143 in the gene coding for the 23S rRNA in H. pylori
and to correlate clarithromycin MICs with these mutations.

Sixty-two erythromycin-resistant H. pylori isolates (MICs
.256 mg/ml) plus 30 isolates susceptible to erythromycin
(MICs #0.5 mg/ml) recovered from clinical samples from 89
patients were studied. Sensitivies to erythromycin and cla-
rithromycin were determined by the E-test strips (AB Biodisk,
Solna, Sweden) (5). Point mutations were detected by using
PCR-restriction fragment length polymorphism (17). PCR
products were used as a template in a cycle-sequencing reac-
tion under the conditions described by Stone et al. (12).

Single point mutations (A2143G, A2142G, or A2142C) were
detected in 100% (62 of 62 isolates) of the erythromycin-
resistant isolates, but in none of the 30 erythromycin-suscep-
tible isolates. Mutations at positions A2143G and A2142G
were observed in 44 and 15 erythromycin-resistant isolates,
respectively. In three isolates, no mutation by replacement of
A with G was detected, at either position 2142 or 2143. The
mutation A2142C was observed in three isolates by sequencing
of PCR products. Such a change, A2142C, had been previously
reported by Stone et al. (12), who found three isolates with this
mutation among 41 clarithromycin-resistant isolates, and by

Occhialini et al. (11), who reported that a single isolate was
obtained from a patient in a survey carried out with seven
patients.

The distribution of clarithromycin MICs is presented in
Table 1. Clarithromycin MICs for isolates exhibiting the
mutation A2143G ranged from #0.016 to $256 mg/ml. Two
strains (6.6%) were inhibited by 0.016 mg/ml, 5 (16.6%)
were inhibited by 0.5 to 2 mg/ml, 13 (43.3%) were inhibited
by 4 to 64 mg/ml, and 10 (33.3%) were inhibited by $128
mg/ml. On the other hand, clarithromycin MICs for all iso-
lates with the mutation at position 2142 (substitution of C or
G) were .256 mg/ml.

Previously, differences in the clarithromycin MIC ranges for
mutants with substitutions at the two positions have been sug-
gested (13, 14, 18). Nevertheless, Szczebara et al. (14) included
only eight clarithromycin-resistant isolates in their study. They
found one isolate with A2142G mutation, which elicited a
higher MIC than the remaining seven isolates, which all had
the mutation at position 2143 and elicited MICs ranging from
2 to 32 mg/ml. However, they did not conclude that the muta-
tion at position 2142 confers a higher resistance level. Stone et
al. (13) found a statistically significant difference between the
clarithromycin MICs for strains with mutations at the two
positions when 32 mg/ml was chosen as a convenient concen-
tration for discriminating the two populations. In the results
presented here, such a statistically significant difference was
also observed, in spite of a lower MIC (8 mg/ml) for discrim-
inating the two populations (two-tailed Fisher’s exact test, P 5
0.047). Susceptible strains (with wild-type sequence) were con-
sistently inhibited by concentrations of #0.032 mg/ml.

That strains with the same mutation, A2143G, elicit a wide
range of MICs (from #0.016 to .256 mg/ml) may suggest the
presence of mutations involving one or both 23S rRNA oper-
ons. Another possibility is an association with another resis-
tance mechanism. Currently, other classic mechanisms of mac-
rolide resistance, such as the presence of rRNA methylases or
macrolide-efflux pumps, have not been detected in preliminary
assays (7), but a closer view of the H. pylori complete genome
sequence may provide further insight into this point (16). A
number of putative ATP-binding cassettes and multidrug-ef-
flux transporter genes have been identified in H. pylori based
on sequence similarity (16). Indeed, Debets-Ossenkopp et al.
(2) reported mutant strains with a low level of clarithromycin
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resistance and wild-type 23S rRNA, thus suggesting that H.
pylori probably employs an additional mechanism to develop
clarithromycin resistance.

Interestingly, when the strains in our study were selected by
their resistance to erythromycin (as the representative generic
antibiotic), at least seven strains exhibiting the A2143G muta-
tion (first associated with clarithromycin resistance) and elic-
iting a clarithromycin MIC of #2 mg/ml were found. There-
fore, from our study, erythromycin-resistant isolates are
inferred to not necessarily be resistant to clarithromycin, even
when they exhibit the A2143G mutation. To our knowledge,
however, the presence of a specific mutation conferring resis-
tance to erythromycin but not to clarithromycin has been re-
ported only by Taylor et al. (15, 19), who studied five strains to
characterize the 23S rRNA genes before and after the acqui-
sition of clarithromycin resistance. In their study, four strains
had the mutation A2142G and the fifth strain (strain B), with
the A2143G mutation, elicited a clarithromycin MIC of 0.5 to
1 mg/ml as determined by agar dilution, a finding fully consis-
tent with our results. Moreover, the clarithromycin MIC break-
point chosen for H. pylori probably should be reconsidered.
Most strains that produce a MIC above 0.12 mg/ml have a 23S
rRNA mutation and cannot be considered fully susceptible, at
least from the microbiological perspective. The risk of evolu-
tion of these strains towards ones manifesting higher levels of
resistance during treatment remains to be evaluated. On clin-
ical grounds, a concentration of 2 mg/ml has been chosen by
most authors (11, 18, 21) to discriminate between susceptible
and nonsusceptible strains, although the breakpoint is still an
ill-defined issue. Recently, Wang and Taylor (19) categorized
two strains for which the MICs of clarithromycin were 1 and 4
mg/ml as having an intermediate level of resistance.

Whether patients affected with strains with the A2143G mu-
tation, which does not confer high-level clarithromycin resis-

tance, can be safely treated with this drug or whether the
strains will readily evolve to those with high-level clarithromy-
cin resistance is at present unknown. Further studies to eluci-
date the effects of these mutations on the outcome of clarithro-
mycin therapy are clearly warranted.
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