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Abstract: Objective: This study aimed to evaluate the resistance of Helicobacter pylori (H. pylori) to common anti-
biotics in Shanghai. Methods: A total of 1171 eligible subjects participated in the study. Antibiotic susceptibility to 
six common antibiotics was examined with the disk diffusion method. Mutations in resistant-related genes were 
identified via Sanger sequencing analysis. Results: Overall, the resistance rates of strains to amoxicillin, clarithro-
mycin, levofloxacin, metronidazole, tetracycline, and furazolidone were 0.1%, 27.8%, 31.1%, 79.9%, 0.1%, and 0.5%, 
respectively. Compared with untreated patients, resistance rates of clarithromycin (P < 0.01), levofloxacin (P < 
0.01), and metronidazole were significantly higher in re-treated patients (P < 0.05). The total multiple resistance 
rate was 40.5%. Age (levofloxacin), gender (clarithromycin, levofloxacin, and metronidazole) and endoscopic find-
ings (clarithromycin and levofloxacin) were independent factors influencing antibiotic resistance. High correlation 
was observed between the drug susceptibility test and molecular test for the resistance to clarithromycin and le-
vofloxacin. Conclusions: The resistance rates of H. pylori to amoxicillin, tetracycline, and furazolidone were low, 
whereas the resistance rates of H. pylori to clarithromycin, levofloxacin, and metronidazole were high, especially in 
re-treated patients. Our results indicate that the clinical resistance patterns of clarithromycin and levofloxacin could 
be guided by relevant gene mutations. 
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Introduction

Helicobacter pylori (H. pylori) is a Gram-
negative spiral bacterium that colonizes the 
human stomach and duodenal mucosa and it 
affects 50% of the global population [1, 2]. The 
infection rate ranges from 25% to 50% in de- 
veloped countries, whereas over 90% of the 
population is infected in developing countries 
[3]. H. pylori infection has become a growing 
concern, closely related to the development 
and occurrence of gastritis, ulcers, and tumors 
[4]. To prevent and treat these diseases, suc-
cessfully eradicating H. pylori is essential [5-7]. 
In 1994, H. pylori was identified as a category  
I carcinogen for gastric cancer and recom-
mended for eradication by the World Health 
Organization (WHO) [8].

Triple therapy, comprising a proton pump inhi- 
bitor (PPI) and two antibiotics (amoxicillin plus 
clarithromycin or metronidazole) has been wi- 
dely applied as an eradication therapy [9]. 
Nevertheless, the effectiveness of this therapy 
has been severely compromised by increasing 
antibiotic resistance, with several studies show-
ing eradication rates falling to less than 80% 
[10-13]. It is thus critical to determine the 
mechanisms of H. pylori resistance to common 
antibiotics, primarily those induced by numer-
ous chromosomal point mutations to establish 
rational combinations of antibiotics for therapy 
[14, 15]. 

To determine the antibiotic resistance of H. 
pylori, traditional antibiotic susceptibility tests 
or molecular tests with PCR and sequencing 
can be used. Antibiotic susceptibility testing is 
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effective, but difficult to isolate and culture. 
Compared with antibiotic susceptibility tests, 
molecular tests are inexpensive and efficient in 
that a large number of DNA sequences can be 
generated within a short time to clarify antibi-
otic resistance. The resistance of different H. 
pylori strains to common antibiotics could be 
attributed to the mutations of related genes, 
such as penicillin-binding protein 1 (PBP1) 
(amoxicillin), 23S rRNA (clarithromycin), gyrA 
(levofloxacin), rdxA (metronidazole), 16S rRNA 
(tetracycline), porD, and oorD (furazolidone) 
[11, 15-19]. Antibiotic resistance varies widely 
between geographical areas [14, 20, 21]. 
Therefore, antibiotics involved in eradication 
regimens could be selected according to local 
epidemiologic resistance characteristics. 

Our study aimed to evaluate the antibiotic resis-
tance of H. pylori, and we are the first to com-
prehensively analyze the relationship between 
the resistance of H. pylori to six common an- 
tibiotics and specific mutations of associated 
genes in Shanghai.

Patients and methods

Patients and tissue samples

From August 2019 to May 2020, 1171 patients 
undergoing upper endoscopy at the Endos- 
copy Center of Songjiang Hospital, Shanghai 
Jiaotong University School of Medicine, were 
enrolled. One biopsy from the gastric corpus 
and two pieces of tissue from the gastric 
antrum were collected from each patient for 
subsequent testing.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) patients 
aged 18-80 years and, (2) patients positive for 
the 13C-urea breath test. Exclusion criteria were 
as follows: (1) patients who had taken PPI, H2 
receptor blockers, bismuth or Chinese herbal 
medicine no more than 2 weeks before enrol-
ment, (2) patients who had received antibiotics 
no more than 4 weeks before enrolment, (3) 
patients who previously underwent gastrointes-
tinal surgery, (4) patients with gastrointestinal 
malignancy, (5) patients with serious heart, 
lung, liver or renal dysfunction or significant 
mental disorders, (6) pregnant or lactating 
women, and (7) patients who participated in 
other clinical trials no more than last three 

months before enrollment. This study was app- 
roved of by the Ethics Committee at Songjiang 
Hospital, Shanghai Jiaotong University School 
of Medicine (201901). All subjects signed an 
informed consent. 

Culture and identification of H. pylori

The biopsies were ground, and then inoculated 
directly onto a Columbia Agar plate containing 
5% defibrinated sheep blood, and biopsies of 
the gastric antrum and body were marked. 
Plates were incubated microaerophilically (5% 
O2, 10% CO2, and 85% N2) for 72 h at 37°C. If 
the incubation failed, we extended the incuba-
tion time to 7-10 days to judge whether the 
strain was successfully cultivated. Suspected 
colonies were confirmed as H. pylori if bacteria 
were positive for catalase, urease, and oxida- 
se reactions, and appeared as Gram-negative 
bacilli under the microscope.

Antibiotic susceptibility testing

The inhibition zones of common antibiotics 
were determined by the disc diffusion method. 
The amount of amoxicillin, clarithromycin, levo-
floxacin, metronidazole, tetracycline, and fura-
zolidone in each dish was 10 μg, 15 μg, 5 μg, 5 
μg, 30 μg, and 100 μg, respectively. The inhibi-
tion zone diameter breakpoints were formulat-
ed with reference to the antimicrobial suscepti-
bility test criteria established by the China 
Pharmaceutical and Biological Products App- 
raisal Institute. A strain was considered resis-
tant to amoxicillin, clarithromycin, levofloxacin, 
metronidazole, tetracycline, and furazolidone 
with inhibition zones of < 14 mm, 13 mm, 13 
mm, 16 mm, 14 mm, and 14 mm, respectively 
[22] (Supplementary Table 1).

DNA extraction

DNA was extracted by Magen HiPure bacte- 
rial DNA kits (Magen Biotech Corporation, 
Guangdong, China), and stored at -20°C until 
use. 

Mutational analysis of resistance genes

We detected specific site mutations of the  
following genes: penicillin-binding protein 1 
(PBP1), 23S rRNA, porD, oorD, 16S rRNA, gyrA, 
and rdxA. To do so, a PCR-based sequencing 
approach was conducted on susceptible and 
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Table 1. Genes and primer sequences for detection of mutations associated with antibiotic resistance
Antibiotic Gene Mutation site Primer sequences (5’-3’) Product size
CAM 23S rRNA A2142; A2143 F: AATGGCGTAACGAGATGGGAG

R: TCCATAAGAGCCAAAGCCCTTAC
501 bp

AMX PBP1 320Ala; 366Phe; 369Ala; 
374Val; 414Ser; 423Leu; 
556Thr; 562Asn; 593Thr

F: GAAAAAATCGCTAAAGAAGAGCCAA
R: TACGCATGAAATACGAATACACAGG

851 bp; 549 bp

FUR porD; oorD G353A; A356G; C357T; A41G; 
A122G; A335G

F: GGCGTGGATTATTCTCATTGTAAAGG
R: GGATAGGCTGCGATGACATCAATT
F: CATGCTTTCAGCGCGACTTATA
R: CCCACTTCAATCGCCGCTTTA

427 bp; 789 bp

TCN 16S rRNA AGA926-928 F: GTGCAAGCGTTACTCGGAATCA
R: AACCCAACATCTCACGACACGA

366 bp

LEV gyrA N87I; N87K; D91N; D91Y; D91G; 
N87Y; N87T; N87H

F: ATTCCATGAGCGTGATCATAGG
R: GTTATCGCCATCAATAGAGCCAAA

602 bp

MNZ rdxA A61; T62; A91; C92; G392; 
A610; C92; A614

F: TGAGCATGGGGCAGATTTTAAGC
R: TTGAAAACACCCCTAAAAGAGCG

959 bp

AMX, amoxicillin; CAM, clarithromycin; LEV, levofloxacin; MNZ, metronidazole; TCN, tetracycline; FUR, furazolidone.

Table 2. Characteristics of patients

Characteristics Untreated group
n = 1060

Re-treated group
n = 106

Recurrence group
n = 5

Total
n = 1171

Isolation strains, N (%) 1014 (95.7) 98 (92.5) 4 (80.0) 1116 (95.3)
Age (X±S) 45.63±13.61 46.79±12.51 45.00±10.61 45.73±13.50
Male, N (%) 489 (46.1) 43 (40.6) 3 (60.0) 535 (45.7)
Endoscopic diagnosis, N (%)
    Chronic gastritis 822 (77.6) 93 (87.7) 5 (100) 920 (78.6)
    Gastric ulcer 58 (5.5) 4 (3.8) 0 62 (5.3)
    Duodenal ulcer 180 (17.0) 9 (8.5) 0 189 (16.1)

resistant strains. The primer sequences of tar-
get genes are presented in Table 1 [22]. Both 
strands of amplified products were sequenc- 
ed via the Sanger method using a generation 
sequencer (ThermoFisher, Shanghai, China). 
Chromas and Sequencing Analysis 5.2 soft-
ware was used for comparative sequence anal-
yses of resistant and susceptible strains.

Statistical analysis

Categorical data are presented as percentag-
es. The chi-squared or Fisher’s exact was used 
to compare antibiotic resistance rates between 
the untreated and retreated patients, and the 
gene mutation rates between antibiotic-sus-
ceptible and -resistant strains. The factors that 
could influence the antibiotic resistance were 
analyzed by univariate analyses. Thereafter, 
the relationships between independent vari-
ables and dependent variables (antibiotic sus-
ceptibility or resistance) were analyzed by bina-

ry logistic regression, and the odds ratios (ORs) 
and 95% confidence intervals (CIs) were calcu-
lated. A two-sided p-value < 0.05 indicated sta-
tistical significance. SPSS 19.0 software was 
used for all statistical analyses.

Results

Patient characteristics 

Overall, 1116 (95.3%, 1116/1171) H. pylori iso-
lates were cultured successfully from endo-
scopic biopsy tissues from 1171 patients. Am- 
ong these, 1060 (90.5%, 1060/1171) patients 
in the untreated group and 106 (9.1%, 
106/1171) in the re-treated group that had 
failed in previous H. pylori eradication treat-
ment were included. The remaining 5 (0.4%, 
5/1171) patients were from the recurrence 
group of patients who retested positive for H. 
pylori after confirmation of the success of H. 
pylori eradication treatment (Table 2).
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Figure 1. Antibiotic resistance rates of H. pylori strains. AMX, amoxicillin; 
CAM, clarithromycin; LEV, levofloxacin; MNZ, metronidazole; TCN, tetracy-
cline; FUR, furazolidone. *, P < 0.05; **, P < 0.01.

Prevalence of antibiotic resistance

Figure 1 shows that the overall resistance rat- 
es were 79.9% for metronidazole (892/1116), 
31.1% for levofloxacin (347/1116), 27.8% for 
clarithromycin (310/1116), 0.5% for furazoli-
done (6/1116), 0.1% for amoxicillin (1/1116), 
and 0.1% for tetracycline (1/1116). Compared 
with untreated patients, the re-treated patients 
showed significantly higher resistance rates  
for clarithromycin (67.4%, 66/98 vs 23.8%, 
241/1014, P < 0.01), levofloxacin (45.9%, 
45/98 vs 29.7%, 301/1014, P < 0.01), and 
metronidazole (91.8%, 90/98 vs 78.7%, 
798/1014, P < 0.05). 

Multiple antibiotic resistance

Among the 1116 strains tested, only 153 
(13.7%, 153/1116) strains were sensitive to all 
antibiotics, while 511 (45.8%, 511/1116), 314 
(28.1%, 314/1116), 137 (12.3%, 137/1116), 
and 1 (0.1%, 1/1116) were resistant to one, 
two, three, and four antibiotics, respectively. 
Metronidazole/levofloxacin and metronidazole/
clarithromycin were the predominant dual-
resistance patterns in the untreated and re-
treated groups, respectively. Triple resistance 
to levofloxacin, clarithromycin, and metronida-
zole, was the predominant pattern in both 
groups. In the re-treated group, a quadruple 
resistance pattern to amoxicillin, levofloxacin, 
clarithromycin, and metronidazole was obser- 
ved. Compared with untreated patients, the 
multiple antibiotic resistance rate was signi- 

ficantly higher in the untreated 
group (71.4%, 70/98 vs 37.4%, 
379/1014, P < 0.01) (Table 3).

Factors influencing H. pylori 
antibiotic resistance

Univariate analysis showed th- 
at the resistance rates to cl- 
arithromycin, levofloxacin, and 
metronidazole were significant-
ly different between men and 
women as well as in different 
age groups. Moreover, the re- 
sistance rates to levofloxacin 
and clarithromycin were signifi-
cantly different between pa- 
tients with peptic ulcer and 

chronic gastritis. Multivariate analysis revealed 
the following independent factors: age for levo-
floxacin (OR 1.030, 95% CI: 1.020-1.041, P < 
0.01), gender for clarithromycin (OR 1.420, 
95% CI: 1.080-1.868, P = 0.012), levofloxacin 
(OR 1.694, 95% CI: 1.293-2.219, P < 0.01), 
and metronidazole (OR 1.377, 95% CI: 1.021-
1.857, P = 0.036), and endoscopic findings for 
clarithromycin (OR 0.415, 95% CI: 0.282-0.611, 
P < 0.01) and levofloxacin (OR 0.707, 95% CI: 
0.502-0.996, P = 0.035) (Table 4).

Detection of H. pylori antibiotic resistance-
related gene mutations

Sanger sequencing on gastric biopsies from 
1171 patients revealed that 1163 patients  
had H. pylori genes (99.3%, 1163/1171),  
of which 1116 were successfully cultured  
(95.3%, 1116/1171). And the chromatograph 
images of Sanger’s sequencing were shown in 
Supplementary Figure 1. The amoxicillin-resis-
tant strain (0.1%, 1/1116) was not found to 
have amino acid substitutions in PBP1, while 
46 (4.1%, 46/1115) among 1115 susceptible 
strains revealed PBP1 amino acid substitu-
tions, in particular, 562Asn/Tyr (43.5%, 20/46). 
No 16S rRNA mutations were detected in the 
tetracycline-resistant strain (0.1%, 1/1116), 
while 330 (29.6%, 330/1115) tetracycline-sen-
sitive strains displayed 16S rRNA mutations, 
especially A928C (47.3%, 156/330). Based  
on 23S rRNA sequences among the 310  
strains resistant to clarithromycin, 279 (90.0%, 
279/310) exhibited a point mutation. Addi- 
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Table 4. Potential factors influencing antibiotic resistance of H. pylori
Resistance rate, N (%) AMX CAMa LVXb MNZc TCN FUR
Age
    ≤ 20 0 5 (25.0) 2 (10.0) 12 (60.0) 0 0
    21-30 0 26 (19.4) 18 (13.4) 105 (78.4) 0 2 (1.5)
    31-40 0 89 (31.5) 68 (24.0) 216 (76.3) 0 2 (0.7)
    41-50 1 67 (26.4) 99 (39.0) 216 (85.0) 0 1 (0.4)
    51-60 0 68 (27.8) 85 (34.7) 198 (80.8) 0 0
    61-70 0 46 (32.2) 6 (42.0) 118 (82.5) 1 (0.7) 1 (0.7)
    71-80 0 9 (24.3) 15 (40.5) 27 (73.0) 0 0
    P value 0.758 0.023 < 0.001 0.037 0.339 0.645
Gender
    male 0 117 (22.9) 123 (24.0) 393 (76.7) 1 (0.2) 1 (0.2)
    female 1 (0.2) 193 (32.0) 224 (37.1) 499 (82.7) 0 5 (0.8)
    P value 1.00 0.001 < 0.001 0.015 0.459 0.303
Endoscopic diagnosis
    Chronic gastritis 1 (0.1) 274 (31.3) 291 (33.3) 708 (80.9) 1 (0.1) 6 (0.7)
    Peptic ulcer 0 36 (14.9) 56 (23.2) 184 (76.4) 0 0
    P value 1.00 < 0.001 0.03 0.117 1.00 0.429
AMX, amoxicillin; CAM, clarithromycin; LEV, levofloxacin; MNZ, metronidazole; TCN, tetracycline; FUR, furazolidone. a, significant 
differences in clarithromycin resistance rate in relation to gender (OR 1.420, 95% CI: 1.080-1.868, P = 0.012) and endoscopic 
diagnosis (OR 0.415, 95% CI: 0.282-0.611, P < 0.01). b, significant differences in levofloxacin resistance rate in relation to age 
(OR 1.030, 95% CI: 1.020-1.041, P < 0.01), gender (OR 1.694, 95% CI: 1.293-2.219, P < 0.01) and endoscopic diagnosis (OR 
0.707, 95% CI: 0.502-0.996, P = 0.035). c, significant differences in metronidazole resistance rate in relation to gender (OR 
1.377, 95% CI: 1.021-1.857, P = 0.036).

Table 3. Multiple patterns of resistance of H. pylori strains to all tested antibiotics

Resistance Profiles, N (%) Untreated group
n = 1014

Re-treated group
n = 98

Recurrence group
n = 4

All 
n = 1116

P (untreated 
vs re-treated)

All susceptible 151 (14.9) 2 (2.0) 0 153 (13.7) 0.001
Mono resistance 484 (47.7) 26 (26.5) 1 (25.0) 511 (44.8) 0.01
    MNZ 429 (42.3) 20 (20.4) 1 (25.0) 450 (40.3) 0.01
    CAM 26 (2.6) 6 (6.1) 0 32 (2.9) 0.090
    LVX 28 (2.8) 0 0 28 (2.5) 0.184
Dual resistance 277 (27.3) 35 (35.7) 2 (50.0) 314 (28.1) 0.077
    CAM+MNZ 102 (10.1) 25 (25.5) 2 (50.0) 129 (11.6) 0.01
    LVX+MNZ 160 (15.8) 9 (9.2) 0 169 (15.1) 0.082
    CAM+LVX 12 (1.2) 1 (1.0) 0 13 (1.2) 1.00
    FUR+LVX 3 (0.3) 0 0 3 (0.3) 1.00
Triple resistance 102 (10.1) 34 (34.7) 1 (25.0) 137 (12.3) 0.01
    CAM+LVX+MNZ 99 (9.8) 34 (34.7) 1 (25.0) 134 (12.0) 0.01
    LVX+FUR+MNZ 2 (0.2) 0 0 2 (0.2) 1.00
    CAM+TCN+MNZ 1 (0.1) 0 0 1 (0.1) 1.00
Quadruple resistance 0 1 (1.0) 0 1 (0.1) 0.004
    CAM+LVX+AMX+MNZ 0 1 (1.0) 0 1 (0.1) 0.004
AMX, amoxicillin; CAM, clarithromycin; LEV, levofloxacin; MNZ, metronidazole; TCN, tetracycline; FUR, furazolidone.

tionally, A2143G (99.3%, 277/279) was the 
most commonly identified variant (Figure 2). 
Additionally, 110 (13.6%, 110/806) clarithro-

mycin-sensitive strains exhibited a point muta-
tion. The kappa value of consistency between 
the drug sensitivity and molecular tests was 
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0.708. As shown in Figure 3, 317 (91.4%, 
317/347) levofloxacin-resistant strains con-
tained amino acid variants of the gyrA subunit-
in particular, N87K (49.8%, 158/317)-while 79 
(10.3%, 79/769) levofloxacin-sensitive strains 
had amino acid substitutions, leading to a 
kappa value of 0.781. Overall, 890 (99.8%, 
890/892) strains resistant to metronidazole 
harbored rdxA gene mutations, with the most 
common variation type identified as a combina-
tion of A91G, C92A, G392A and A610G (78.7%, 
700/890; Figure 4). In addition, all metronida-
zole-susceptible strains (100%, 224/224) har-
bored an rdxA gene mutation. DNA sequence 
analysis of porD and oorD of six strains resis-
tant to furazolidone revealed that three (50.0%, 
3/6) exhibited mutations, in particular, a combi-
nation of mutations at sites G353A, A356G, 
C357T, A41G, and A335G (66.7%, 2/3) (Figure 
5), leading to the substitutions of Thr by Val, Ala 
by Thr, Thr by Val, Asp by Lys, and Asp by Gly, 
respectively. Notably, 431 (38.8%, 431/1110) 
furazolidone-sensitive strains additionally con-
tained point mutations. Compared with suscep-
tible strains, strains resistant to clarithromycin 
and levofloxacin showed higher mutation rates 
of 23S rRNA and gyrA genes, respectively (all P 
< 0.01). 

Discussion

The Kyoto Consensus proposes that gastritis-
induced H. pylori is a contagious disease and 
requires eradication [23]. The key to imple-
menting effective empirical first-line eradica-
tion therapy is to understand the local antibiot-
ic resistance.

Clarithromycin is a major antibiotic for manag-
ing H. pylori infection, and increased resistance 
significantly affects the pathogen eradication 
rate [24, 25]. The resistance rate to clarithro-
mycin in our study (27.8%, 310/1116) was high-
er than previous reports in China [26, 27]. The 
Maastricht V/Florence Consensus Report sug-
gests that in cases where more than 15% of 
stains are resistant to clarithromycin, triple 
therapy including clarithromycin should be 
avoided in the absence of prior susceptibility 
testing [28]. Thus, regimens containing clar-
ithromycin should be adopted with caution. 
Resistance to clarithromycin is mainly induced 
by point mutations at positions 2142 and  
2143, of the V domain of 23S rRNA [10, 16]. 
Wueppenhorst et al. [29] determined A2142G, 
A2142C, and A2143G as the three most com-
mon mutations responsible for more than 90% 
of cases resistant to clarithromycin. The mono-
nucleotide substitution from A to G was ob- 
served in 279 (90%, 279/310) clarithromycin-
resistant strains, the majority with A2143G 
(99.3%, 277/279) and only two (0.7%, 2/279) 
with A2142G. Accordingly, we speculate that 
the A2143G mutation is a key contributory fac-
tor to clarithromycin resistance. Other resis-
tance mechanisms, for example, the presence 
of an efflux pump, may be prevalent in remain-
ing resistant strains without 23S rRNA gene 
mutations [30]. Compared with strains sensi-
tive to clarithromycin, the resistant strains sh- 
owed a significantly higher mutation rate (P < 
0.01). The results of the molecular test were 
consistent with those of the antibiotic susce- 
ptibility test, with a kappa coefficient of 0.708, 
which can provide a reference for the clinical 
application of clarithromycin. 

Levofloxacin, widely used for urinary infection 
treatment, was recommended as a remedy 
after regimens based on clarithromycin. The 
resistance rate of levofloxacin reached 31.1% 
(347/1116) in our study, surpassing that of clar-
ithromycin, and greatly reducing the efficacy of 
levofloxacin-based eradication regimens. Con- 
sidering the high resistance rates to clarith- 
romycin and levofloxacin, tailored regimens 
based on antibiotic susceptibility tests could be 
an alternative option H. pylori resistance to 
levofloxacin is mainly induced by amino acid 
substitution in the quinolone resistance-deter-
mining regions of gyrA [17]. In this study, we 

Figure 2. Gene mutations related to clarithromycin 
resistance.
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Figure 3. Amino acid variations in the QRDR region of gyrA related to levo-
floxacin resistance.

Figure 4. Mutation types of rdxA related to metronidazole resistance.

identified 14 amino acid substitutions related 
to gyrA mutations in 317 (91.4%, 317/347) 
resistant strains, predominantly at positions 
N87K (49.8%, 158/317), D91N (16.1%, 
51/317) and 91 (9.2%, 29/317). The mutation 
rate of gyrA in levofloxacin-resistant strains was 
significantly higher than that in sensitive strains 

(P < 0.01). The results of the 
molecular test were consis- 
tent with those of the antibiot-
ic susceptibility test, with a 
kappa coefficient of 0.781, 
supporting the detection of a 
specific locus for GyrA to de- 
termine the resistance of le- 
vofloxacin.

The prevalence of H. pylori 
resistant to metronidazole is 
very high in some countries 
(e.g., 82.4% for Iran, 83.8% for 
India, and 82.7% for China), 
due to its widespread use in 
the treatment of various infec-
tious diseases, including para-
sitic diseases, female genital 
diseases and dental infections 
[14, 16, 20, 21, 27, 28, 31]. 
Consistent with previous re- 
ports in China, we found a high 
resistance rate of metronida-
zole (78.2%, 892/1116) [20, 
25, 26]. Although metronida-
zole resistance can be partly 
overcome by increasing doses 
or extending the duration of 
treatments, metronidazole sh- 
ould be left out as a first-line 
empirical treatment regimen 
without antibiotic susceptibili-
ty tests. Previous studies have 
reported that the H. pylori 
resistance to metronidazole is 
mainly induced by rdxA gene 
mutations [11, 32, 33]. RdxA 
gene variations were identifi- 
ed in 890 (99.8%, 890/892) 
metronidazole-resistant stra- 
ins in this study, the most co- 
mmon being a combination  
of A91G, C92A, G392A and 
A610G (78.7%, 700/890). Ad- 
ditionally, metronidazole-sen-

sitive and -resistant strains showed highly simi-
lar mutation points. Thus, molecular detection 
may not be suitable for metronidazole resis-
tance detection.

Data from the present study showed negligible 
resistance to amoxicillin, tetracycline, and fura-
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zolidone (< 1%), indicating that these antibiot-
ics could be effectively adopted for empirical 
first-line eradication therapies. However, clini-
cal use of tetracycline and furazolidone often 
leads to a number of adverse effects, such as 
bone marrow suppression, exfoliative dermati-
tis, and staining of teeth. Additionally, these 
two antibiotics are not readily available in 
China. H. pylori resistance to amoxicillin is most 
related to PBP gene mutations, including PBP1, 
PBP2, PBP3, and PBP4 [15, 34, 35]. In our 
study, the amoxicillin-resistant strain contain- 
ed no point mutations at PBP1 while 4.1% 
(46/1115) sensitive strains showed amino acid 
substitution at PBP1. The major mechanism of 
tetracycline resistance is mutations at bases 
926-928 on the 16S rRNA gene [18]. A previ-
ous study reported the requirement for three 
adjacent mutations to achieve a high level of 
resistance [36]. No 16S rRNA gene mutations 
were observed in the tetracycline-resistant 
strain, suggesting that other mechanisms (for 
example, changes in membrane permeability) 
may be responsible for resistance [37]. In con-
trast, 330 (29.6%, 330/1115) sensitive strains 
displayed gene mutations, and all displayed 
one or two base mutations (A926T and A928C: 
27.3% (90/330), A928C: 47.3% (156/330), 
A926C: 14.9% (49/330), and A926G: 9.4% 
(31/330)), which could have a limited impact 
on resistance. The mechanisms underlying re- 
sistance to furazolidone are similar to those for 
metronidazole, and Kwon et al. [19] demon-
strated the involvement of porD and oorD ge- 
ne mutations. Three (50%, 3/6) furazolidone-
resistant strains exhibited mutations, the most 

mens based on antibiotic susceptibility tests, 
especially for re-treated patients. Combina- 
tions of metronidazole/levofloxacin and metro-
nidazole/clarithromycin should be avoided as 
much as possible. In addition, we found that 
the previous use of clarithromycin, levofloxacin, 
and metronidazole predisposes patients to 
resistance, because resistance rates to these 
antibiotics of re-treated patients were signifi-
cantly higher than those of untreated patients 
(P < 0.05).

Previous studies have reported that several 
clinical factors were associated with antibiotic 
resistance of H. pylori, such as gender, patient 
age, and endoscopic diagnosis [38, 39]. Mul- 
tivariate analyses revealed gender and endo-
scopic diagnosis as independent risk factors 
influencing resistance to clarithromycin. The 
resistance rate to clarithromycin in females 
was significantly higher than that in males (P < 
0.05). Moreover, patients with chronic gastritis 
showed higher resistance to clarithromycin 
than those with peptic ulcer (P < 0.01), leading 
to the conclusion that use of clarithromycin in 
females and patients with chronic gastritis 
should be considered carefully. Independent 
risk factors for levofloxacin resistance include 
gender, age and endoscopic diagnosis. Pa- 
tients under 30 years of age showed signifi-
cantly lower resistance rates of levofloxacin 
than those over 30 years (P < 0.01). The resis-
tance rate of levofloxacin was highest in pa- 
tients aged 61 to 70 years (42.0%, 60/143), 
and significantly higher in females than males 
(P < 0.01), which may be related to more fre-

Figure 5. Mutation types of porD and oorD genes related to furazolidone 
resistance.

common being a combinati- 
on of G353A, A356G, C357T, 
A41G, and A335G (66.7%, 
2/3). Notably, however, 431 
(38.8%, 431/1110) furazoli-
done-sensitive strains exhibit-
ed similar point mutations. The 
mechanism of H. pylori resis-
tance to furazolidone appears 
to be complex.

A higher rate of multiple resis-
tance (40.5%, 452/1116) was 
found in our study than that in 
previous reports [26, 27]. It is 
important to exercise caution 
to select effective antibiotic 
combinations as first-line regi-
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quent use in women and elderly patients with a 
high incidence of urinary infections. Moreover, 
patients with chronic gastritis have higher re- 
sistance rates of levofloxacin than those with 
peptic ulcer. Treatment with levofloxacin should 
therefore be considered with caution, especial-
ly for the elderly, female patients and patients 
with chronic gastritis. Gender was determined 
as an independent risk factor influencing resis-
tance to metronidazole. In addition, the resis-
tance rate was significantly higher in females 
than males (P < 0.01), which may be explained 
by the frequent use of metronidazole to treat 
gynecological diseases.

Conclusion

Resistance of H. pylori to common antibiotics  
is an ongoing concern in Shanghai. Clarith- 
romycin-, levofloxacin-, and metronidazole-ba- 
sed regimens are not suitable as first-line anti-
biotics due to high resistance rates, while 
amoxicillin, tetracycline and furazolidone pres-
ent good options as components of eradication 
therapy. Data obtained from molecular detec-
tion analyses of clarithromycin and levofloxacin 
resistance could provide effective guidance for 
clinical medication. In further studies, we will 
evaluate the impact of specific point mutations 
of associated genes on antibiotic resistance by 
analyzing the efficacy of tailored regimens.
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Supplementary Table 1. The inhibition zone diameter breakpoints

Antibiotics
Types of interpretation

Resistant Intermediate Sensitive
CLA ≤ 13 mm 14-17 mm ≥ 18 mm
LEV < 13 mm 13-17 mm > 17 mm
AMX < 14 mm 14-17 mm > 17 mm
FZD ≤ 14 mm 15-16 mm ≥ 17 mm
TET ≤ 14 mm 15-18 mm ≥ 19 mm
MET < 16 mm 16-21 mm > 21 mm
AMX, amoxicillin; CAM, clarithromycin; LEV, levofloxacin; MNZ, metronidazole; TCN, tetracycline; FUR, furazolidone.
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Supplementary Figure 1. Chromatograph images of Sanger’s sequencing for relevant mutations.


