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Introduction
Helicobacter pylori is a gastric pathogen that colo-
nizes the human stomach, leading to gastrointesti-
nal diseases such as chronic gastritis, peptic ulcer 
disease, gastric adenocarcinoma, and mucosa-
associated lymphoid tissue lymphoma.1 More 
than half of the world’s population is infected by 
this bacterium. Therefore, anti-H. pylori treatment 
has been widely suggested for H. pylori-infected 
patients.1–3 Antibiotic susceptibility testing is a 

reliable assay that provides antibiotic susceptibility 
information for clinicians to prescribe anti-H. pylori 
regimens. Traditional phenotypic detection meth-
ods, such as agar dilution experiments and epsi-
lometer tests (E-tests) based on isolated strains, 
are time consuming and difficult to apply in most 
hospitals due to the strict conditions required to 
culture the bacteria.4,5 In addition, as a standard 
method to detect antibiotic susceptibility, the 
E-test method cannot distinguish heteroresistant 

Genotype profiles of Helicobacter pylori 
from gastric biopsies and strains with 
antimicrobial-induced resistance
You-hua Wang*, Fang-fei Wang*, Xiao-ling Gong*, Li-li Yan, Qiao-yun Zhao, Yan-ping Song, 
Ru-lin Zhao, Ya-jing He, Linfu Zhou, Dong-sheng Liu and Yong Xie

Abstract
Background and aims: The genotypic method could significantly shorten the time needed to 
obtain antibiotic susceptibility data for Helicobacter pylori. The aim of this study was to explore 
the profile of H. pylori from gastric biopsies and strains with antibiotic-induced resistance.
Methods: A total of 124 gastric biopsies were used to perform gene sequencing and to perform 
bacterial culture and susceptibility testing. Seven susceptible strains were selected to develop 
resistance to clarithromycin, levofloxacin, and metronidazole. Four susceptible strains were 
selected to transfer candidate mutations. The genotype profiles of these groups were analyzed 
by sequencing analysis. The antibiotic susceptibility of these strains was detected using the 
E-test method.
Results: Phenotypic resistance to clarithromycin, levofloxacin, and metronidazole was 
observed in 35.5%, 40.0%, and 79.8% strains, respectively. Point mutations in 23 S rRNA, gyrA, 
and rdxA genes were observed in 39.5%, 38.7%, and 86.3% of gastric biopsies, respectively. 
The A2143G mutation in the 23S rRNA occurs in most clarithromycin-resistant samples. 
The A2142C point mutation showed a higher efficacy than A2142G and A2143G for inducing 
clarithromycin resistance. The D91N and N87K mutations in gyrA occurs in most levofloxacin-
resistant samples, and double point mutations showed a higher efficacy than single mutations 
for inducing levofloxacin resistance. Phenotypic resistance and mutations in rdxA lacked 
consistency.
Conclusion: Genotype-based gastric biopsy analysis was reliable for determining 
clarithromycin and levofloxacin resistance. A2143G in 23S rRNA and N87K/D91N in the gyrA 
gene occurred in most resistant strains. Mutations in the rdxA gene were not good indicators 
of metronidazole resistance.

Keywords: antibiotic, genotype, Helicobacter pylori, resistance

Received: 23 May 2020; revised manuscript accepted: 30 July 2020.

Correspondence to:  
Yong Xie  
Department of 
Gastroenterology, The 
First Affiliated Hospital 
of Nanchang University, 
17 Yongwai Zheng Street, 
Nanchang, Jiangxi 
Province, 330000, China 
xieyong_tfahoncu@163.
com

Dong-sheng Liu  
Department of 
Gastroenterology, The 
First Affiliated Hospital 
of Nanchang University, 
17 Yongwai Zheng Street, 
Nanchang, Jiangxi 
Province, 330000, China 
ldgsheng@163.com

You-hua Wang  
Fang-fei Wang  
Qiao-yun Zhao  
Yan-ping Song  
Ru-lin Zhao  
Ya-jing He  
Department of 
Gastroenterology, The 
First Affiliated Hospital 
of Nanchang University, 
Nanchang, Jiangxi 
Province, China

Xiao-ling Gong  
Department of Blood 
Transfusion, The First 
Affiliated Hospital of 
Nanchang University, 
Nanchang, Jiangxi 
Province, China

Li-li Yan  
Department of Medical 
College, Nanchang 
University, Nanchang, 
Jiangxi Province, China

Linfu Zhou  
Department of 
Biochemistry and 
Molecular Biology, 
Zhejiang University School 
of Medicine, Hangzhou, 
Zhejiang Province, China

*You-hua Wang, Fang-fei 
Wang and Xiao-ling Gong 
contributed equally to this 
work.

952596 TAG0010.1177/1756284820952596Therapeutic Advances in GastroenterologyY-H Wang, F-F Wang
research-article20202020

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag
mailto:xieyong_tfahoncu@163.com
mailto:xieyong_tfahoncu@163.com


Therapeutic Advances in Gastroenterology 13

2 journals.sagepub.com/home/tag

strains, which may provide incorrect information 
for clinical treatment.6 The genotyping method 
could significantly shorten the time needed to 
obtain antibiotic susceptibility data for H. pylori. 
This method has been explored since 1996.7 
Mutations in the clarithromycin resistance gene 
23S rRNA and the levofloxacin resistance gene 
gyrA show a good relationship with phenotypic 
antibiotic susceptibility in H. pylori clinical strains.8,9 
Genotypic methods based on gastric biopsy sam-
ples and stool samples have also been used in sev-
eral studies; some of these studies showed excellent 
consistency, while others did not.10–12 On the other 
hand, metronidazole, which shows a resistance rate 
of more than 50% in many countries or areas,13–15 
has a resistance mechanism that is still obscure.16,17 
The results of some studies have suggested that 
rdxA and frxA mutations play a crucial roles in 
metronidazole resistance as well as the outcomes of 
eradication therapy.17–19 However, some studies 
have also provided evidence that rdxA or frxA 
mutations are unable to explain metronidazole 
resistance in H. pylori.20,21 Some new potential 
mechanisms, such as the D85N mutation in the 
inner-membrane protein RclC or efflux pump also 
been suggest involved in metronidazole resist-
ance.16,17 However, these mutations still need more 
evidence to prove their clinical value.

Currently, most studies about antibiotic resist-
ance and gene mutations are based on clinically 
isolated resistant strains and susceptible strains, 
but less research has focused on the process by 
which susceptible strains become resistant, which 
may provide some different information. The 
aim of this research was to explore the profile of 
resistance to clarithromycin, levofloxacin, and 
metronidazole in H. pylori strains from gastric 
biopsy samples and strains with antibiotic-
induced resistance.

Methods

Patients and biopsy
Adult outpatients referred for gastroscopy at The 
First Affiliated Hospital of Nanchang University 
between January 2018 and August 2019 who 
were positive for the urea breath test or histopa-
thology were enrolled. Written informed consent 
was obtained from each participating patient 
before enrollment in the study. The research pro-
tocol was approved by the Ethics Committee of 
The First Affiliated Hospital of Nanchang 

University (IRB 2018-019-1). Patients were 
excluded if they were taking PPI or H2-receptor 
antagonists 4 weeks prior to enrollment. Biopsies 
from the antrum and body of the stomach under-
went bacterial culture, susceptibility testing, and 
DNA extraction.

H. pylori culture
Briefly, the gastric biopsy specimen was stored in 
brain heart infusion broth (Oxoid, Basingstoke, 
UK) with 20% glycerin at –80°C before use. After 
homogenization, part of the biopsy was cultured 
on Campylobacter agar (Oxoid, Basingstoke, UK) 
plates supplemented with 5% defibrinated sheep 
blood (Bio-kont, Zhejiang, China), 2.5 mg/l van-
comycin, 3 mg/l trimethoprim, 2 mg/l polymyxin 
B, and 2 mg/l amphotericin B (Duly Biotech, 
Nanjing, China). The plates were incubated under 
microaerobic atmosphere conditions (10% CO2, 
5% O2, and 85% N2) at 37°C for up to 5 days.

E-test method
The antibiotic susceptibility of the clinically isolated 
strains was detected using the E-test following the 
protocols of the Clinical and Laboratory Standards 
Institute. Briefly, bacteria were subcultured for 
2 days on Mueller-Hinton agar plates supplemented 
with 5% defibrinated sheep blood. The bacterial 
suspension was adjusted to an optical density (OD) 
of 0.2 and inoculated onto the plates under micro-
aerobic atmosphere conditions. The minimum 
inhibitory concentrations (MICs) of antibiotics 
were determined after 3–5 days of incubation. The 
resistance break points to metronidazole, clarithro-
mycin, and levofloxacin were set at >8, >0.5, and 
>1 mg/l, respectively, which were selected using 
breakpoint tables for interpretation of MICs and 
zone diameters provided by the European 
Committee on Antimicrobial Susceptibility 
Testing Version 9.0, 2019 (http://www.eucast.org). 
ATCC43504 was used as the control strain.

Agar dilution test
The antibiotic susceptibility of the strain used for 
further development of the resistant strain was 
detected using the agar dilution assay to deter-
mine the MIC of the antibiotic. Clarithromycin, 
levofloxacin, and metronidazole (China) were 
used in this experiment. Briefly, bacteria were 
subcultured for 2 days on Mueller-Hinton agar 
plates supplemented with 5% sheep blood and 
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two-fold serial dilutions of antibiotics. The bacte-
rial suspension was adjusted to an OD or 0.2 and 
inoculated onto the plates under microaerobic 
atmosphere conditions. The MICs of antibiotics 
were determined after 3–5 days of incubation.

Genotypic analysis of antibiotic susceptibility
DNA was extracted from biopsy samples using a 
QIAamp1 DNA Mini Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instruc-
tions. PCR for 23S rRNA, gyrA, and rdxA was 
performed with previously described primers.22,23 
The primer sequences were 23S rRNA_F (5'-CC 
AC AGCGATGTGGTCTCAG-3'), 23S rRNA_R 
(5'-CTCCATAAGAGCCAAAGCCC-3'), 
(product 425 bp); gyrA_F (5'-AGCTTATTCCA 
TGAGCGTGA-3'), gyrA _R (5'-TCAGGCCC 
TTTGACAAATTC-3'), (product 582 bp); and 
rdxA_F (5'-TTACAGAGAGCCAGATAGCC-3'), 
rdxA_R (5'-CACAACCAAGTAATCGCATC-3') 
(product 780 bp). The thermal profile used for 
amplification of the encoded sequences consisted 
of an initial step at 96°C for 5 min; 35 cycles at 
96°C for 30 s, 56°C for 25 s and 72°C for 1 min; 
and a final step at 72°C for 5 min.

DNA sequencing and analysis
Sequence data were analyzed using the software 
DNAMAN (2005, Lynnon) and MEGA (version 
10.0.4, Glen Stecher), and heteroresistance sta-
tus was evaluated with ContigExpress (2000, 
InforMax). Following alignment with a reference 
sequence (H. pylori 26695), sequence data were 
examined in terms of codons, and comparisons of 
amino acids were performed.

Antibiotic-resistant strain development
Seven susceptible H. pylori strains were inocu-
lated onto Columbia agar plates, and the agar 
dilution method was performed to obtain the 
MICori values for each strain. After obtaining the 
MICori values, the H. pylori strains were stimu-
lated with antibiotics to induce antibiotic resist-
ance individually. The process was performed as 
follows: H. pylori strains were collected from 
Columbia agar plates, the concentration was 
adjusted to an OD of 0.2 in Brucella broth 
medium containing 5% FBS, and the suspension 
was cultured at 37°C with shaking under micro-
aerobic atmosphere conditions overnight. 
Antibiotics were added to Brucella broth medium 

to obtain a concentration of 1/2 MICori. After cul-
turing for 6 h, the medium was transferred to 
Columbia agar plates containing 1/2 MICori and 
incubated for 2–3 days. Single colonies grown in 
this plate were labeled with Hp_1/2 × MICori and 
selected for the next step of resistance develop-
ment. The process was repeated to obtain 
Hp_1 × MICori, Hp_2 × MICori, Hp_4 × MICori 
. . . Hp_n × MICori. The process stopped when 
the antibiotic concentration was 32 mg/l or induc-
tion of resistance failed three times.

Natural transformation of the candidate 
mutation
The amplified PCR products containing either 
wild-type sequences or candidate mutations were 
separately introduced into four susceptible strains 
through natural transformation, as previously 
described.24,25 Briefly, recipient cells were inocu-
lated onto Mueller-Hinton agar plates and were 
grown for 5 h, after which 1.0 g of PCR fragments 
diluted in TE [10 mM Tris-HCl (pH 8.0) and 
1 mM EDTA] was added directly onto the bacte-
rial lawn. After incubation for 24 h under micro-
aerophilic conditions, the transformed cells were 
streaked onto Mueller-Hinton II agar plates con-
taining clarithromycin/levofloxacin/metronidazole 
(0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 16, and 32 mg/liter), 
and several single colonies were separately col-
lected from the lowest to the highest concentra-
tions on the antibiotic-containing plates and 
spread onto antibiotic-free defibrinated sheep 
blood agar plates. Successful transformations and 
mutations were confirmed with PCR, followed by 
DNA sequencing analysis.

Statistical analyses
SPSS Statistics for Windows (version 21.0, IBM 
Corp, Armonk, NY, USA) was used to perform 
all statistical analyses. Chi-square and Fisher’s 
exact tests were used to determine the statistical 
significance of differences between categorical 
variables. A p-value ⩽ 0.05 was considered statis-
tically significant.

Results

Genotype profiles of H. pylori from gastric 
biopsy
Patients and bacterial isolates. A total of 124 
patients were ultimately recruited for this study 
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during 2018–2019. They were positive for both 
H. pylori culture and PCR.

According to the E-test method results, clarithro-
mycin, levofloxacin, and metronidazole resistance 
was observed in 44 (35.5%), 50 (40.0%), and 99 
(79.8%) strains, respectively.

Profile of clarithromycin-related resistance geno-
type in biopsies. Among 124 H. pylori-positive 
biopsy samples, the 23S rRNA gene sequence 
classified 49 biopsies as having at least one of 
three point mutations responsible for clarithro-
mycin resistance. The A2143G point mutation 
was observed in 47 (37.9%) biopsies (34 cases for 
resistant biopsies, 13 for susceptible biopsies); the 
A2142G point mutation was observed in three 
cases (2.4%) biopsies (two for resistant biopsies, 
one for susceptible biopsy). The A2142C muta-
tion was not observed in any patient. In addition, 
we also noted that eight (6.45%) biopsies showed 
a T2182C point mutation (two for resistant 
biopsies, six for susceptible strains) (Figure 1a). 
For these strains with A2143G and/or A2142G 
point mutations, the A2143G mutation was pre-
dominantly observed (95.9%) (Figure 1b), A 
mixture of resistant and susceptible strains 

(heteroresistance status) were observed in 23 
(18.5%) biopsies.

When comparing the genotypic and phenotypic 
methods for clarithromycin resistance detection, 
the 23S rRNA gene sequence and E-test showed 
101 (81.5%) concordant susceptible or resistant 
results. For the 80 clarithromycin-susceptible 
strains, 66 corresponding biopsies contained a 
wild-type genotype, and 14 contained point 
mutations. For the 44 clarithromycin-resistant 
isolates, point mutations were detected in 35 
biopsies, and the wild-type genotype was observed 
in 9 biopsies by 23S rRNA gene sequencing.

Profile of the levofloxacin-related resistance geno-
type in biopsies. Among 124 H. pylori-positive 
biopsy samples, gyrA amino acid sequences 
revealed 48 biopsies with mutations responsible 
for levofloxacin resistance. The N87K point 
mutation was observed in 25 (20.2%) biopsies 
(17 cases for resistant biopsies, 8 for susceptible 
biopsies); the N87I point mutation was observed 
in 3 (2.4%) biopsies (2 cases for resistant biop-
sies, 1 for susceptible biopsy); the N87S point 
mutation was observed in 1 (0.8%) biopsy (1 case 
for resistant biopsy); the D91N point mutation 

Figure 1. Profile of clarithromycin- and levofloxacin-related resistance genotypes in biopsies. (a) Prevalence of point mutations in 
23S rRNA in total samples; (b) prevalence of point mutations in 23S rRNA in mutant samples; (c) consistency between the 23S rRNA 
gene sequence and E-test result; (d) prevalence of amino mutations in gyrA in total samples; (e) prevalence of amino mutations in 
gyrA in mutant samples; (f) consistency between the gyrA gene sequence and E-test results.
Cla, clarithromycin; Lev, levofloxacin; MIC, minimum inhibitory concentration; R, resistant; S, susceptible; Seq-R, sequence result contain a point 
mutation (A2142G, A2143G, and/or A2142C point mutations for the 23S rRNA gene; point mutations resulting in the amino mutations N87K, N87I, 
N87S, D91N, D91Y, D91G, and/or D91K for the gyrA gene sequence); Seq-S, sequence result was the same as the reference sequence.
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was observed in 13 (10.5%) biopsies (9 cases for 
resistant biopsies, 4 for susceptible biopsies); the 
D91Y point mutation was observed in 4 (3.2%) 
biopsies (4 cases for resistant biopsies); the D91G 
point mutation was observed in 7 (5.6%) biop-
sies (6 cases for resistant biopsies, 1 for suscepti-
ble biopsy); the D91K point mutation was 
observed in 7 (5.6%) biopsies (7 cases for resis-
tant biopsies) (Figure 1d). For these strains with 
gyrA point mutations, the N87K mutation was 
predominantly detected (52.1%) (Figure 1e). A 
mixture of resistant and susceptible strains (het-
eroresistance status) were observed in 25 biop-
sies (20.2%).

Comparing the genotypic and phenotypic meth-
ods for levofloxacin resistance detection, gyrA 
amino acid sequences and E-tests showed 98 
(79.0%) concordant susceptible or resistant 
results. For the 74 levofloxacin-susceptible 
strains, 62 corresponding biopsies contained a 
wild-type genotype, and 12 contained an amino 
acid mutation. For the 50 levofloxacin-resistant 
isolates, amino acid mutations were detected in 
36 biopsies, and the wild-type genotype was 
found in 14 biopsies by gyrA amino acid sequenc-
ing (Figure 1f).

Profile of metronidazole-related resistance geno-
types in biopsies. Among 124 H. pylori-positive 
biopsy samples, RdxA amino acid sequences 
revealed 107 biopsies with mutations in the rdxA 
gene. As there are no known point mutations that 
are responsible for metronidazole resistance, we 
analyzed mutations that had an occurrence rate of 
more than 5% in our biopsies. END (stop codon 
mutations), frameshift, R16H/C, M21A, R53H/Y, 
V62L/I, A68T/V, P91S, S108A/P, and A118S 
mutations were observed in 15 (12.1%), 25 

(20.2%), 14 (11.3%), 16 (12.9%), 12 (9.7%), 23 
(18.5%), 16 (12.9%), 7 (5.6%), 8 (6.5%), and 8 
(6.5%) biopsies, respectively (Table 1). We did 
not count double or multiple point mutations in 
this part of the experiment, as RdxA amino acid 
sequences were mutable.

When we tried to determine which mutation was 
responsible for metronidazole resistance, we ana-
lyzed the distribution of amino acid mutations in 
metronidazole-resistant and metronidazole-sus-
ceptible cases. To our surprise, END, frameshift, 
and nonsense mutations showed no significant 
differences (p > 0.05), which means that single 
amino acid mutations in H. pylori rdxA gene 
sequences may not be able to indicate a resistance 
phenotype for metronidazole. When we com-
bined these amino acid mutations together, for 
the 99 metronidazole-resistant strains, 85 corre-
sponding biopsies contained amino acid muta-
tions, and the wild-type genotype was found in 14 
cases by the rdxA amino acid sequence. For the 
25 metronidazole-susceptible strains, 3 cases 
showed the wild-type genotype, and 22 showed 
amino acid mutations, which means that combin-
ing all these amino acid mutations to diagnose 
resistance is also not effective.

Profile of mutations during the process of 
antibiotic-induced resistance
After investigating the difference between clini-
cally isolated resistant and susceptible strains, we 
aimed to determine the profiles of mutations that 
occurred after the H. pylori strain was stimulated 
with antibiotics. Seven susceptible H. pylori strains 
were selected to develop antibiotic resistance. 
The results showed that six individual strains suc-
cessfully developed clarithromycin, levofloxacin, 

Table 1. Profile of metronidazole-related resistance genotypes in biopsies.

END FS 16re 21re 53re 62re 68re 91re 108re 118re WT

S (25) 3 
(12.0%)

3 
(12.0%)

3 
(12.0%)

3 
(12.0%)

2 (8.0%) 6 
(24.0%)

4 
(16.0%)

0 (0.0%) 1 (4.0%) 3 
(12.0%)

3 
(12.0%)

R (99) 12 
(12.1%)

22 
(22.2%)

11 
(11.1%)

13 
(13.1%)

10 
(10.1%)

17 
(17.2%)

12 
(12.1%)

7 (7.1%) 7 (7.1%) 5 (5.1%) 14 
(14.1%)

Tot 
(124)

15 
(12.1%)

25 
(20.2%)

14 
(11.3%)

16 
(12.9%)

12 
(9.7%)

23 
(18.5%)

16 
(12.9%)

7 (5.6%) 8 (6.5%) 8 (6.5%) 17 
(13.7%)

16re, the 16th amino acid was replaced by another amino acid.
END, stop codon mutations, FS, frameshift; R, resistant; S, susceptible; Tot, total; WT, wild type.
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and metronidazole resistance, and one strain suc-
cessfully developed levofloxacin and metronida-
zole resistance.

Profile of mutations during the process of clarithro-
mycin-induced resistance. Among the six strains 
that developed clarithromycin resistance, one 
showed an A2142C point mutation after being 
stimulated with a 1 × MICori concentration of 
clarithromycin, and one showed an A2142G point 
mutation after being stimulated with a 1 × MICori 
concentration of clarithromycin. For these two 
strains, no additional point mutations were found 
in the further development process. The remain-
ing four strains all showed A2143G point muta-
tions after being stimulated with different 
concentrations of clarithromycin. Two strains sub-
sequently converted the A2143G point mutation 
to the A2142G point mutation, and two strains 
remained the A2143G mutation throughout the 
entire process (Table 2). These results suggest that 
A2142G was more effective than the A2143G 
point mutation. In addition, we did not detect the 
point mutation T2182C in these strains.

Profile of mutations during the process of levoflox-
acin-induced resistance. Among the seven strains 
that developed levofloxacin resistance, six devel-
oped the D91N/G amino acid mutation as their 
first mutation after being stimulated with levo-
floxacin. Five of these strains showed the N87K 
amino acid mutation after being further stimu-
lated with a higher concentration of levofloxacin. 
Interestingly, two of these strains showed N/
G91D when N87K was occurring, which means 
that mutations at amino acid 87 would be more 
efficacious than those at amino acid 91, and the 
latter mutations were reversible. Of the seven 
strains in this process, four showed 87K and 91G 
in their final status, two showed 87K and 91N in 
their final status, and the rest showed 87N and 
91Y in their final status (Table 2). These results 
suggest that the single amino acid mutation N87K 
was more efficacious than the D91G/N mutation. 
Furthermore, 87K and 91G/N combined were 
more efficacious than 87K or 91G/N alone. We 
did not find other amino acid mutations, such as 
N87I, N87S, and D91K, in these strains.

Profile of mutations during the process of metroni-
dazole-induced resistance. Among the seven 
strains that developed metronidazole resistance, 
six showed point mutations during the process of 
metronidazole-induced resistance, and amino 

acid mutations such as S29F, S43F, T58I, T67S, 
K73R, T79S, K81N, K127R, E133K, I172N, 
E75K, E138K, R16C, N98R, A118S, S150G, 
N84K, E74G, H17Y, P51T, and G74E and 
frameshift mutations occurred (Table 2). These 
mutations showed a wide range of rdxA genes, 
and few of them showed repeated mutations in 
different strains. In addition, one strain did not 
show an amino acid mutation during the process 
of metronidazole-induced resistance, and all these 
results suggest that the rdxA point mutation was 
not a good molecular marker to indicate a resis-
tance phenotype for metronidazole.

Profile of point mutations in transformed H. 
pylori strains
To determine whether these mutations in 23S 
rRNA, gyrA, and rdxA were necessary and suffi-
cient to mediate antibiotic resistance, the mutated 
PCR products were transformed into the suscepti-
ble H. pylori strain 26695 and three susceptible clini-
cally isolated strains using natural transformation.

Profile of strains transformed with clarithromycin-
related mutations. Three mutations (A2142C, 
A2142G, and A2143G) in 23S rRNA were trans-
ferred to these four susceptible strains, and the 
MICs of these strains are shown in Table 3. As the 
data show, compared with the original strains, the 
MICs for these strains increased considerably 
after transfer of these point mutations. Strains 
with the A2142C point mutation showed the 
highest MIC (>256 µg/ml), the MIC for strains 
with A2142G ranged from 32 to 128 µg/ml, and 
the MIC for strains with A2143G ranged from 3 
to 12 µg/ml. These results suggest that the point 
mutations A2142C, A2142G, and A2143G in 
23S rRNA were sufficient to mediate antibiotic 
resistance and once again proved that the point 
mutation A2142G was more efficacious than 
A2143G and that A2142C was more efficacious 
than A2142G.

Profile of strains transformed with levofloxacin-
related mutations. Six amino acid mutations 
(91N, 91G, 91Y, 87K, 87K and 91N) and 87K 
and 91D in gyrA were transferred to these four 
susceptible strains, and the MICs of these strains 
are shown in Table 4. The data show that, com-
pared with those of the original strains, the MICs 
for these strains increased to some degree after 
transfer of these point mutations. However, unlike 
transfer of mutations in 23S rRNA, strains with a 

https://journals.sagepub.com/home/tag


Y-H Wang, F-F Wang et al.

journals.sagepub.com/home/tag 7

Ta
bl

e 
2.

 P
ro

fil
e 

of
 m

ut
at

io
ns

 d
ur

in
g 

th
e 

pr
oc

es
s 

of
 a

nt
ib

io
tic

-i
nd

uc
ed

 r
es

is
ta

nc
e.

0 
×

 M
IC

or
i

0.
5 
×

 M
IC

or
i

1 
×

 M
IC

or
i

2 
×

 M
IC

or
i

4 
×

 M
IC

or
i

8 
×

 M
IC

or
i

16
 ×

 M
IC

or
i

32
 ×

 M
IC

or
i

64
 ×

 M
IC

or
i

12
8 
×

 M
IC

or
i

25
6 
×

 M
IC

or
i

51
2 
×

 M
IC

or
i

10
24

 ×
 M

IC
or

i

C
li1

W
T c

la
–

–
–

A
21

43
G

–
–

–
G

21
43

A
A

21
42

G
–

–
 

C
li2

W
T c

la
–

A
21

42
G

–
–

–
–

–
–

–
–

 

C
li3

W
T c

la
–

–
A

21
43

G
–

–
–

–
G

21
43

A
A

21
42

G
–

–
–

 

C
li4

W
T c

la
–

fa
ilu

re
 

C
li5

W
T c

la
–

–
–

A
21

43
G

–
–

–
–

–
–

–
–

C
li6

W
T c

la
–

A
21

42
C

–
–

–
–

–
–

–
–

–
–

C
li7

W
T c

la
–

A
21

43
G

–
–

–
–

–
–

–
–

–
–

C
li1

W
T l

ev
–

87
N

,
D

91
N

–
–

–
–

–
N

87
K

,
91

N
–

 

C
li2

W
T l

ev
87

N
,

D
91

G
–

–
N

87
K

,
G

91
D

87
K

,
D

91
G

–
–

–
 

C
li3

W
T l

ev
–

–
87

N
,

D
91

N
N

87
K

,
N

91
D

–
87

K
,

D
91

N
–

–
–

–
 

C
li4

W
T l

ev
–

87
N

,
D

91
G

87
N

,
G

91
Y

–
–

–
–

–
–

 

C
li5

W
T l

ev
–

–
N

87
K

,
91

D
–

87
K

,
D

91
G

–
–

 

C
li6

W
T l

ev
–

87
N

,
D

91
G

–
–

–
–

N
87

K
,

91
G

–
 

C
li7

W
T l

ev
–

87
N

,
D

91
G

–
N

87
K

,
91

G
–

–
–

–
–

 

C
li1

W
T m

et
–

S2
9F

S4
3F

T5
8I

–
–

26
FS

–
V1

4L
I2

6L
–

 

C
li2

W
T m

et
–

65
FS

–
T6

8S
T7

9S
87

–
–

–
–

 

C
li3

W
T m

et
–

E1
33

K
I1

72
N

E7
5K

E1
38

K
N

17
2I

K
75

E
K

13
3E

K
13

8E

–
–

–
 

C
li4

W
T m

et
–

–
–

–
–

–
–

–
 

C
li5

W
T m

et
–

–
–

–
E1

33
K

 

C
li6

W
T m

et
–

–
–

R
16

C
–

–
–

C
16

H
E7

3G
N

98
S

A
11

8S
S1

50
G

–
 

C
li7

W
T m

et
–

–
N

64
K

E7
4G

H
17

Y
P

51
T

G
74

E

–
–

–
–

–
 

P
ro

fil
e 

of
 2

3S
 r

R
N

A
/g

yr
A

 a
m

in
o 

ac
id

/r
dx

A
 a

m
in

o 
ac

id
 m

ut
at

io
ns

 d
ur

in
g 

th
e 

pr
oc

es
s 

of
 a

nt
ib

io
tic

s-
in

du
ce

d 
re

si
st

an
ce

.
–,

 s
am

e 
as

 th
e 

fo
rm

er
 g

en
ot

yp
e;

 M
IC

or
i, 

th
e 

or
ig

in
al

 M
IC

 fo
r 

cl
in

ic
al

 s
tr

ai
n;

 W
T c

la
, w

ild
-t

yp
e 

ge
no

ty
pe

 fo
r 

23
Sr

 R
N

A
; W

T l
ev

, w
ild

-t
yp

e 
ge

no
ty

pe
 fo

r 
gy

rA
; W

T m
et

, w
ild

-t
yp

e 
ge

no
ty

pe
 fo

r 
rd

xA
.

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 13

8 journals.sagepub.com/home/tag

mutated gyrA gene could not improve their MICs 
to a very high level, which suggests that, during 
the process of levofloxacin-induced resistance, 
gyrA mutation is a very important part of over-
coming antibiotic pressure; however, the mecha-
nisms involved in this process remain unclear.

Discussion
In recent decades, the problem of increasing anti-
biotic resistance rates has greatly decreased the 
efficacy of antibiotic-based methods. Tailored 
treatment based on individual susceptibility data 
can achieved a satisfactory H. pylori eradication 
rate.26–28 The E-test method could provide sev-
eral kinds of antibiotic susceptibility information 
for the bacteria, but the strict conditions required 
to culture the bacteria make it difficult to apply in 
most hospitals. Genotypic methods based on 
gastric biopsy, gastric juice, or perhaps stool 
samples deserve more attention. As the results 
show, the genotypic method based on the 23S 
rRNA point mutation was reliable for the diagno-
sis of clarithromycin resistance, and the point 
mutation A2143G was found in most clarithro-
mycin-resistant strains but was less efficacious 
than A2142G in inducing clarithromycin resist-
ance. The point mutation A2142C was not found 

in these clinical biopsies but was detected in the 
antibiotic-induced resistant strain, and natural 
transformation also proved that this mutation was 
more efficacious than the A2142G and A2143G 
point mutations. Some studies suggest that 
T2182C is also involved in clarithromycin resist-
ance, but our data do not support this hypothesis. 
Indeed, the results of our previous work also 
showed that T2182C could not improve the spec-
ificity and sensitivity of the genotypic method.4 
One inconsistency was that the point mutation 
A2142G was found in two clinical strains, while 
only one of these strains was susceptible to 
clarithromycin, which may be explained by heter-
oresistance status. When the wild-type strain and 
mutant strain coexist in one patient, the wild-type 
strain may act as the dominant group with no 
antibiotic stimulation. This leads to a susceptible 
phenotype.

Mutations in the gyrA and gyrB gene were ini-
tially suggested to indicate quinolone resistance, 
but recent studies have indicated an inconsistent 
association between gyrB mutations and qui-
nolone resistance;22,29 therefore, only gyrA muta-
tions were detected in levofloxacin-resistant 
strains in this work. These results indicate that 
the genotypic method based on gyrA amino acid 

Table 3. MIC changes for strains transformed with clarithromycin-related mutations.

Strain Ori A2142G A2142C A2143G

26695 0.008 64 >256 12

Cli1 0.032 32 >256 6

Cli3 0.016 32 > 256 3

Cli5 0.008 128 > 256 12

26695, H. pylori strain 26695; cli, clinical isolated strain; MIC, minimal inhibitory concentration; ori, original.

Table 4. MIC changes for strains transformed with levofloxacin-related mutations.

Strain Ori 87N,91N 87K,91N 87N,91G 87K,91D 87K,91G 87N,91Y

26695 0.125 0.380 1.500 0.750 1.000 >32.000 0.750

Cli1 0.250 1.000 1.500 1.000 4.000 16.000 0.750

Cli3 0.030 3.000 3.000 0.750 1.500 8.000 1.500

Cli5 0.250 1.000 4.000 1.500 3.000 >32.000 16

26695, H. pylori strain 26695; cli, clinical isolated strain; MIC, minimal inhibitory concentration; ori, original.
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mutations was reliable for the diagnosis of levo-
floxacin as well. The amino acid mutations 
N87K and D91N were most common in the lev-
ofloxacin-resistant strain, and N87K was more 
efficacious than D91N. Interestingly, when we 
transferred amino acid mutations that may par-
ticipate in levofloxacin resistance to four suscepti-
ble strains, their MIC values did not improve 
much, which means that, although these amino 
acid mutations may be a good indicator for diag-
nosing levofloxacin resistance, some other mech-
anism may also be involved in resistance.

Metronidazole is still widely used in anti-H. pylori 
treatment, although it had the highest resistance 
rate among the investigated antibiotics. Ji et al. sug-
gested that a high dose of metronidazole could 
increase the eradication rate of anti-H. pylori treat-
ment in populations with high metronidazole resist-
ance but could cause more side effects.30 In some 
areas, such as Japan, the metronidazole resistance 
rate is still low, and they could achieve a satisfactory 
eradication rate based on metronidazole treat-
ment.31,32 We also explored the genotype method 
for metronidazole; however, unlike clarithromycin 
and levofloxacin, the mechanism of metronidazole 
resistance remains obscure, and the most widely 
accepted mechanism is mutation in the rdxA 
gene.33,34 Although the reliability of this gene has 
also been frequently questioned,9,20,21 we chose the 
whole rdxA gene as our target. Similar to other 
research, we did not find any amino acid mutation 
of rdxA that could explain metronidazole resistance 
well. There are diverse mutations in the rdxA gene, 
but the distribution and repeatability of these muta-
tions were not sufficient to indicate metronidazole 
resistance. In addition, we found some cases that 
possessed a resistance phenotype but had no point 
mutation in the rdxA gene. During the process of 
developing metronidazole-induced resistance, one 
strain also showed no point mutation, which again 
suggests that mutations in rdxA may not always be 
essential for metronidazole resistance. On the other 
hand, both the E-test results and the genotypic 
method show a high resistance rate for metronida-
zole, and there may be no need to perform a sus-
ceptibility test when metronidazole is used in 
anti-H. pylori treatment, as a higher concentration 
can be selected when necessary.

Tailored treatment based on individual suscepti-
bility data has been shown to achieved satisfactory 
H. pylori eradication rates.26–28 The Maastricht V/
Florence Consensus Report have mentioned that 

the value of culture is primarily to perform anti-
microbial susceptibility testing for clarithromy-
cin, levofloxacin, metronidazole, amoxicillin, 
and tetracycline.1 However, susceptibility testing 
based on the culture method is time consuming 
and difficult to apply in most hospitals. The 
development of genotypic methods based on gas-
tric biopsies that could obtain similar results as 
those observed with the E-test method would 
overcome the limitation of antimicrobial suscepti-
bility testing and allow the tailored method to be 
applied more easily in most hospitals in the future. 
Our results showed that the detection of clarithro-
mycin and levofloxacin resistance with genotypic 
methods using gastric biopsies is effective, sug-
gesting that tailored treatment based on geno-
typic method with gastric biopsy deserve further 
consideration.

Conclusion
Genotypic method-based gastric biopsy was reli-
able for inferring clarithromycin and levofloxacin 
resistance. A2143G in 23S rRNA and 87K and 
91N occurred in most resistant strains. Mutations 
in the rdxA gene were not good indicators of met-
ronidazole resistance.
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