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Abstract
AIM: To investigate the resistance rate of Helicobacter pylori
(H pylori ) to clarithromycin, metronidazole, amoxicillin and
tetracycline to guide clinical practice, and to study the
mechanism of H pylori resistant to clarithromycin.

METHODS: Thirty H pylori strains were isolated from the
mucosa of peptic ulcer, gastric tumor and chronic gastritis
patients, then the minimal inhibitory concentration (MIC) to
clarithromycin, metronidazole, amoxicillin and tetracycline
was evaluated by E-test method. The sequence analysis of
PCR fragments was conducted in 23S rRNA gene of H pylori
resistant to clarithromycin to get the resistance mechanism
of the bacteria.

RESULTS: Among 30 H pylori strains, 7 cases were resistant
to clarithromycin, 12 to metronidazole, 2 to tetracycline and
no strain was found to be resistant to amoxicillin. The
resistance rates were 23.3%, 40%, 6.7% and 0%,
respectively. Three new mutation points were found to be
related to the clarithromycin resistance in H pylori isolates,
which were G2224A, C2245T and T2289C.

CONCLUSION: In northeast China, H pylori shows high
resistance to metronidazole, while sensitive to amoxicillin.
The mechanism of resistance to clarithromycin may be related
to the mutation of G2224A, C2245T and T2289C in the 23S
rRNA gene.
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INTRODUCTION
H pylori plays an important role in the pathogenesis of many
digestive diseases. The recurrence of peptic ulcer and the
development of the gastric cancer are also due to H pylori
infection[1,2]. In the different eradication therapy regimen
including PPI and multiple antibiotics, cases of eradication

failure due to resistance of H pylori to antibiotics have been
reported keeping increasing. The resistance mechanism of
H pylori in the former studies showed the mutation from A to
G in 2 143 and 2 144 position of 23S rRNA gene. But in our
study we found other three new mutation points in 23S rRNA
gene related to the H pylori resistance to clarithromycin.

MATERIALS AND METHODS

H pylori strain
In the endoscopic examination of the patients with digestive
symptoms, we collected such patients with peptic ulcer, chronic
gastritis and gastric carcinoma as our subjects. Firstly, one piece
of gastric antra mucosa biopsy specimen was obtained from
the patients for the purpose of rapid urease enzyme test. Then
two pieces of antra mucosa biopsy specimens were obtained
from the same patient with H pylori infection diagnosed by the
positive rapid urease enzyme test. The biopsy specimens were
cut up in sterile plate and then cultured on the Columbia agar
base with 100 mL/L no-fiber fresh rabbit blood and 3 mg/L
bacitracin at 37  for 3-5 d under microaerobic conditions
(50 mL/L O2, 100 mL/L CO2, 850 mL/L N2). The organisms
were identified as H pylori by Gram stain morphology, colony
morphology and positive urease, catalase and oxidase activities.
The typical bacteria were subcultured to obtain the pure
H pylori isolates.

Antibiotics susceptibility test
The pure H pylori suspension of 1 McFrand unit was prepared
with sterile 9 g/L natrium chloride, and spread onto the Mueller-
Hinton agar base with 100 mL/L fresh rabbit blood. The
minimal inhibitory concentration (MIC) of H pylori to different
antibiotics was evaluated with E-test strips. Strains were
considered resistant to clarithromycin, metronidazole,
amoxicillin and tetracycline if the MIC was 8 µg/mL,
8 µg/mL, 2 µg/mL and 8 µg/mL respectively.

Resistance mechanism analysis
Three clarithromycin resistant H pylori isolates and one sensitive
H pylori isolate were chosen, that is, No.13 (MIC 8 mg/L),
No. 17(MIC 64 mg/L), No.22 (MIC>256 mg/L) and No.33
(MIC 0.125 mg/L). The DNA was extracted from the bacteria
with the phenol-chloroform extraction method. We designed
primers according to the 23S rRNA gene sequence reported
by Hiratsuka (GeneBank accession number U27270). The
primers were synthesized by Shanghai Sangon corporation and
the sequences were as follows: forward primer: 5’-CTG CAT
GAA TGG CGT AAC GAG-3’(complementary to 23S rRNA
gene sequence from 2 047 to 2 067);and reverse primer: 5’-
GAG CGA CCG CCC CGA TCA AAC-3’ (complementary
to 23S rRNA gene sequence from 2 327 to 2 347), which will
generate a 301 bp product. PCR amplification reaction mixture
(20 µL) contained 13.8 µL double distilled H2O, 2.5 µL 10×
PCR buffer, 2 µL dNTPs (2.5 mmol/L), 0.2 µL Ex-Taq
polymerase (5u/µL), 1.5 µL primer (1:5×) and 0.5 µL DNA
sample. PCR cycle conditions were 32 cycles of 94  for 40 s,
61.5  for 1 min,72  for 1 min after 94  for 4 min once at
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first, then followed by a final extension step at 72  for 7 min.
The purification of PCR products was observed by
electrophoresis on an 80 g/L polyacrylamide gel. Then PCR
products were sent to Sangon Corporation to conduct the
sequence analysis. The amplified 23s rRNA gene sequence of
resistant H pylori was compared to that of sensitive ones in
order to find out the difference between them.

RESULTS
There were 7 cases among 30 H pylori isolates resistant to
clarithromycin (MICs were from 8 mg/L to 256 mg/L), 12
cases of the isolates was resistant to metronidazole (MICs were
from 24 mg/L to 256 mg/L), 2 cases resistant to tetracycline
(MICs were 16 mg/L and 32 mg/L) and no case resistant to
amoxicillin. The resistance rates to the above 4 different
antibiotics were 23.3%, 40%, 6.7% and 0%, respectively.
     No.33 H pylori isolate was sensitive to clarithromycin,
while No.13, No.17, and No.22 isolates were all resistant to
clarithromycin. Point mutations appeared at three positions
of the intended DNA fragments of clarithromycin resistant
H pylori 23s rRNA gene. In comparison with the sequence of
sensitive H pylori, No.13 resistant isolate with MIC 8 mg/L
had one point mutation from T to C at 2289 (T2289C), No.17
isolate with MIC 64 mg/L had two point mutations which were
G to A at 2 224 position (G2224A) and T to C at 2 289 position
(T2289C), and No.22 isolate with the highest MIC >256 mg/L
had three point mutations, and these were mutations from G to
A at 2 224 position (G2224A), from C to T at 2 245 position
(C2245T) and the mutation from T to C at 2 289 position
(T2289C). With the increasing resistance of H pylori to
clarithromycin, the number of point mutation were increased
(Figure 1).

DISCUSSION
The prevalence of H pylori infection is about one-half of the
world’s population[3], and still higher in the developing
countries and low socio-economic populations[4-6]. It has been
demonstrated that H pylori is an important etiologic factor of
digestive diseases. H pylori infection is also correlated with
cardio-cerebrovascular and pulmonary disease[7-10]. So
eradication of H pylori becomes very important in the cure of
the above diseases, especially peptic ulcer. But recently, cases
of eradication failure become more and more due to the
resistance of H pylori to antibiotics in the triple regimens.

Tsuneoka et al[11] reported that H pylori strains from 19 cases
(82.6%) out of 23 of failed eradication therapy became resistant
to clarithromycin. Reports have shown that about 3-14%[12-14] of
H pylori isolates are resistant to clarithromycin, 12-44%[13-16]

are resistant to metronidazole. But no H pylori was found
primary resistant to amoxicillin. The study showed that
tetracycline resistance rate was ranging from 0 to 11%[13,16,17].
      In our study, we isolated 30 H pylori strains from patients
of peptic ulcer, chronic gastritis and gastric carcinoma and
determined their MICs to clarithromycin, metronidazole,
amoxicillin and tetracycline by E-test, respectively. Results
showed a higher clarithromycin resistance than that in Europe
(23.3%, 7/30). It is acknowledged that resistant clarithromycin
H pylori strains become predominant because of antibiotics
selective pressure. Clarithromycin frequently appearing in
H pylori eradication therapy regimens led to the increasing
of clarithromycin resistance. While in China, especially in
northeast China, clarithromycin is rarely applied in clinic. How
did the high resistance to clarithromycin generate? Is it
associated with the extensive application of the other macrolide
agents, such as erythromycin, azithromycin, and so on? Dose
cross-resistance to macrolide exist among H pylori strains?
Midolo and Saika et al[18,19] have demonstrated the existence
of this phenomenon. But no study on this aspect has been done
in China. The high resistance to clarithromycin should be
considered in selecting H pylori eradication therapy regimen.
       Metronidazole has been extensively used to treat anaerobic
and parasitic infections for a long time, especially in the
developing countries. It has been demonstrated that previous
exposure of H pylori to metronidazole in vivo results in the
emergence of resistant strains. Metronidazole resistant rate
was reported ranging from 12 to 44%, similar to that in this
study (40%). But it was also reported that metronidazole
resistance as determined by E-test was significantly higher
than that determined by agar dilution. Houben et al[20] found
whether resistant to metronidazole could not affect the therapy
outcome of OMC (omeprazole, metronidazole, clarithromycin)
regimen. While in another study[21], it showed that the eradication
rates were higher than the sensitive rates compared with
resistant strains.
      Almost all the studies in vitro showed high susceptibility
of H pylori to amoxicillin. This study had the same results. In
30 isolates H pylori strains, only 1 strain’s MIC to amoxicillin
was 4 µg/mL, and other MICs were all very low, between
<0.016-0.75 µg/mL. The influence of gastric acid on bactericidal
effects was little against amoxicillin compared with macrolide.

Figure 1  Mutations of 23S rRNA gene in H pylori resistant to clarithromycin.

No.33 PCR sequence: ..AGTA G GGGCTTTGGCTCTTATGGAG C CATCCTTGAGATACCACCCTTGATGTTTCTGTTAGCTAACTGG T CTGTGTTATC ... 

(sensitive isolate)                                                                            

No.13 PCR sequence: ..AGTA G GGGCTTTGGCTCTTATGGAG C CATCCTTGAGATACCACCCTTGATGTTTCTGTTAGCTAACTGG C CTGTGTTATC... 

(low resistant isolate)                                                                      

No.17 PCR sequence: ..AGTA A GGGCTTTGGCTCTTATGGAG C CATCCTTGAGATACCACCCTTGATGTTTCTGTTAGCTAACTGG C CTGTGTTATC... 

(middle resistant isolate)                                                                 

No.22 PCR sequence: ..AGTA A GGGCTTTGGCTCTTATGGAG T CATCCTTGAGATACCACCCTTGATGTTTCTGTTAGCTAACTGG C CTGTGTTATC... 

(highresistant isolate)                                                                    

                          2 224                  2 245                                       2 289 



Furthermore, its activity in vivo is considerably enhanced when
given concomitantly with proton pump inhibitors (PPI)[22]. So
amoxicillin is still a selection of optimal drugs for the eradication
of H pylori. Tetracycline is seldom applied in clinical practice
at present. So studies on it were also rare. Perhaps due to less
application, tetracycline resistance was very low, similar to
this study. It was reported that the effect of the combination of
macrolide agents with tetracycline was favorable[23].
      The mechanism of H pylori resistance to clarithromycin
was demonstrated to be associated with the mutation of
A2143G or A2144G in 23S rRNA gene[24]. Some other mutation
points were also reported after that, such as A2142C, A2143C,
A2143T, A2115C and G2141[25]. Fontana[26] found that T2717C
mutation was related to the H pylori resistance. It was known
that the genetic character of H pylori in the different area was
different[27,28], so did the genetic character of resistance H pylori
strains[29]. Using gene segment analysis directly to determine
the mutation position has still not been reported in China yet.
We found in our study that the number of mutation points
increased with the MIC of the resistant strains. The higher MIC
is, the more mutation points are. This result has not been
reported in other studies. The further investigation is still
required to demonstrate the geographic differences existing in
H pylori from different countries.
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