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Abstract: Helicobacter pylori antibiotic resistance is a serious concern in China, where it severely influences treat-
ment for H. pylori infection. To overcome this, it is essential to apply personalized therapies based on local or individ-
ual data on antibiotic-resistant phenotypes or genotypes. We conducted a large-scale multi-center study with a retro-
spective cross-sectional observational design to investigate the antibiotic-resistant phenotypes and genotypes of H.
pyloriin China. Strains were isolated from the gastric biopsy samples of H. pylori-infected patients from five different
regions in China. The strains were tested for antibiotic-resistant phenotypes and genotypes, and the agreement
between the two was assessed. In total, 4242 H. pylori strains were isolated and cultured, with an 84.43% success
rate. The primary and secondary antibiotic resistance rates of H. pylori were 37.00% and 76.93% for clarithromycin,
34.21% and 61.58% for levofloxacin, 2.20% and 6.12% for amoxicillin, 1.61% and 3.11% for furazolidone, 1.18%
and 3.31% for tetracycline, and 87.87% and 93.48% for metronidazole, respectively. The dual-resistance patterns
for metronidazole/clarithromycin, metronidazole/levofloxacin, and clarithromycin/levofloxacin were 43.6%, 38.4%,
and 26.1%, respectively. Clarithromycin- and levofloxacin-resistant H. pylori phenotypes and genotypes showed
satisfactory agreement. Based on these findings, clarithromycin- and levofloxacin-resistant genotype testing could
partially replace traditional antibiotic susceptibility testing in China. Continuous monitoring and personalized treat-
ments based on individual and local H. pylori antibiotic-resistance data remain necessary.
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Introduction phoma [2, 3]. Globally, experts have empha-
sized the eradication of H. pylori infection to
reduce the incidence of intestinal gastric can-
cer, peptic ulcers, and H. pylori-related dyspe-

psia.

Helicobacter pylori is a common pathogen that
colonizes the stomach in more than 4.4 billion
people worldwide. In China, more than half of
the population is infected with H. pylori [1]. H.

pylori has been identified as a group 1 carcino-
gen for non-cardia gastric cancer by the
International Agency for Research on Cancer
and is strongly associated with the incidence of
chronic gastritis, peptic ulcers, and MALT lym-

However, H. pylori antibiotic resistance has
become increasingly severe in China, resulting
in a decline in eradication rates [4]. A meta-
analysis showed that from 2006 to 2016, H.
pylori resistance rates in China for clarithromy-
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cin, metronidazole, and levofloxacin were 37%,
77%, and 33%, respectively [5]. Another multi-
center study conducted by Chinese scholars
showed that the primary resistance rates of H.
pylori to metronidazole, clarithromycin, levoflox-
acin, amoxicillin, and tetracycline from 2010 to
2016 were 78.2%, 22.1%, 19.2%, 3.4%, and
1.9%, respectively [6]. These high resistance
rates to clarithromycin, metronidazole, and
levofloxacin in China have rendered the stan-
dard triple therapy ineffective [7], making treat-
ment regimens increasingly complex. Therefore,
monitoring of H. pylori antibiotic resistance for
personalized treatment has become neces-
sary; however, there are insufficient large-scale
and multi-regional studies on H. pylori antibiot-
ic resistance in China.

To address the failure of the eradication of H.
pylori infection due to antibiotic resistance,
personalized treatments based on antibiotic
susceptibility represent a novel therapeutic
option [8]. Traditional antibiotic susceptibility
testing by culture is microaerobic, time-con-
suming, and complex with a limited possibility
of scaling-up testing. Alternatively, polymerase
chain reaction (PCR) and DNA sequencing have
been used to detect the susceptibility of H.
pylori to antibiotics. Although 23S rRNA and
gyrA mutations have been determined as criti-
cal for susceptibility to clarithromycin and levo-
floxacin, resulting in the development of vali-
dated and commercial Kits, there are no large-
scale validation studies for other antibiotic
resistance-related mutation loci [9-12].

In view of the extent of H. pylori antibiotic resis-
tance in China, the China Center for H. pylori
Molecular Medicine (CCHpMM), headed by the
late gastroenterologist, Professor Shudong
Xiao, was established in 2016 for monitoring H.
pylori antibiotic resistance and developing per-
sonalized treatments. In addition, because
there are no large-scale multi-regional studies
on H. pylori antibiotic-resistant phenotypes and
genotypes in China currently, we conducted a
nationwide multicenter large-sample study on
H. pylori antibiotic-resistant phenotypes and
genotypes and assessed the agreement
between them.

Methods
Study design and patients

A retrospective cross-sectional observational
study investigating the phenotypic and geno-
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typic resistance of H. pylori strains to antibiot-
ics was conducted from January 2018 to June
2020 across different regions of China, includ-
ing Jiangsu (Nanjing First Hospital), Shanghai
(Songjiang District Central Hospital), Hubei
(Hubei Provincial Hospital of Traditional Chinese
Medicine), Henan (The Fifth Affiliated Hospital
of Zhengzhou University), Gansu (Gansu Wuwei
Tumour Hospital), Guangdong (Guangdong
Provincial Hospital of Chinese Medicine),
Hunan (Xiangya Changde Hospital), Anhui
(Huangshan Shoukang Hospital), and Beijing
(Beijing Tonghui Clinic of G. I. Health Care).

All enrolled patients had been diagnosed with
H. pylori infection, which was confirmed by the
urea breath, rapid urease, or fecal antigen
tests, and had undergone H. pylori-strain phe-
notypic and genotypic antibiotic resistance
testing. Patients who received antibiotics, bis-
muth, or other herbal drugs with antibacterial
effects 1 month before the testing were exclud-
ed, along with those who received proton-pump
inhibitors or H2 receptor blockers 2 weeks
before the testing. The baseline characteristics
of the patients (age, sex, and history of H. pylori
infection treatment) were recorded by the phy-
sician who prescribed the test. The study
design is illustrated in Figure 1.

This study was approved by the Ethics Com-
mittee of Shanghai Outdo Biotech Company,
which is the headquarters of the China Center
for Helicobacter pylori Molecular Medicine
(@approval number YB M-05-01). The need for
informed consent was waived owing to the
patients being lost to follow-up.

H. pylori strains

H. pylori strains were isolated from gastric-
biopsy specimens. After conducting the gastro-
scopic biopsy, the gastric specimens were
immediately transferred to the liquid transport
medium (Sigma Transwab®, Medical Wire &
Equipment, Wilts, United Kingdom) and trans-
ported to the CCHpMM (Shanghai Outdo
Biotech Company, Shanghai, China) at 0-4°C.

H. pylori strains were inoculated in Columbia
agar plates containing 5% sheep blood; treated
with vancomycin (1 mg/mL), polymyxin B (0.5
mg/mL), and amphotericin B (0.5 mg/mL) to
avoid undesired bacterial growth; and cultured
under microaerobic conditions (10% CO,, 5%
0,) at 37°C for 96-120 h. H. pylori strains were
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Individuals underwent antibiotic resistance

testing for H. pylori need to meet:

- Confirmed H. pylori infection

- Not taking antibiotics, bismuth or herbs with
antibacterial effects within the last 1 month

- Not taking a PPI or H2-blocker within the
last 2 weeks

A

5024 gastric mucosal biopsies
obtained under gastroscopy

tions were set as follows: pre-
denaturation at 94°C for 5 min,
followed by 40 cycles of dena-
turation at 94°C for 10 s,
annealing at 55°C for 20 s, and
extension at 72°C for 50 s and
final extension at 72°C for 5
min. The PCR products were
sequenced using Sanger se-

y

> 782 strains failed in culture

quencing. Several point muta-

4242 strains successfully cultured

tions and amino-acid mutations
that have been previously re-

y A

154 strains were not tested for
antibiotic resistant genotypes

ported to be associated with
antibiotic resistance were inter-

Performing 4088 strains were tested for any
antibiotic resistance of the antibiotic resistance
phenotype testing genotypes (Figure S1 for details)

y

Assessing the agreement of
antibiotic resistance phenotypes
and genotypes

preted using Chromas 2.6.5
software [13-24]. The PCR prim-
ers used and mutation loci ob-
tained are shown in Supple-

mentary Table 2.

Statistical analysis

Figure 1. Flowchart depicting the study design. PPI, proton pump inhibitor.

confirmed by microscopy using Gram staining,
catalase test, and urease test.

Phenotypic antibiotic-resistance testing

Phenotypic resistance to antibiotics was deter-
mined using the Kirby-Bauer disk diffusion
method. Suspensions of the H. pylori strains
were prepared to a final turbidity of 0.5
McFarland standard, passaged onto a new cul-
ture plate, and cultured for 48 h. Antibiotic
disks were applied as follows: clarithromycin
(15 pg), levofloxacin (5 ug), amoxicillin (10 ug),
furazolidone (100 pug), tetracycline (30 pg), and
metronidazole (5 ug). The antibiotic disks were
pressed onto the agar surface of each culture
plate, followed by incubation for 48 h. The
diameter of the inhibition ring was measured,
and strains were identified as sensitive, inter-
mediate, or resistant according to the criteria
listed in Supplementary Table 1.

Genotypic antibiotic-resistance testing

H. pylori DNA was extracted from the speci-
mens in the liquid transport medium using a
HiPure bacterial DNA kit (Magen Biotech,
Guangzhou, China). PCR was performed to
amplify the following genes: 23S rRNA, gyrA,
PBP1A, porD, oorD, 16S rRNA, and rdxA, which
have all been reported to be associated with
antibiotic resistance [13-24]. The PCR condi-
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Data were analyzed using R

version 4.0.1. Continuous mea-
sures are reported as mean and standard devi-
ation, while categorical measures are reported
as percentages and counts. Proportional differ-
ences were evaluated using Fisher’s exact test
or the Chi-square test. The agreement between
antibiotic-resistant phenotypes and genotypes
was evaluated using accordance rates and the
kappa consistency test. A P-value <0.05 was
considered to denote statistical significance.

Results

In total, 4242 H. pylori strains successfully iso-
lated from 5024 subjects who underwent phe-
notypic and genotypic testing for antibiotic
resistance were included in this study. The suc-
cess rate of strain isolation and culture was
84.43%. Table 1 shows the baseline informa-
tion of the included subjects: 2098 (49.5%)
men and 2144 (50.5%) women, with a mean
(standard deviation) age of 47.0 (12.9) years.
Approximately a quarter (23.5%) of the subjects
had received H. pylori eradication therapy and
71.7% had not, while 203 (4.8%) subjects were
unaware of the history of H. pylori infection
treatment. Not all strains were tested for all
antibiotic-resistant genotypes. The types of
testing performed on each H. pylori strain are
shown with UpSet plots in Supplementary
Figure 1.

Table 2 shows the prevalence of H. pylori phe-
notypic resistance to antibiotics in each region

Am J Cancer Res 2021;11(10):5027-5037
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Table 1. Baseline characteristics of study cohort

Overall Eastern China Central China Northwest China South China North China

(N=4242) (N=3020) (N=776) (N=214) (N=173) (N=59)

Gender, n (%)

Male 2098 (49.5) 1531 (50.7) 364 (46.9) 108 (50.5) 71 (41.0) 24 (40.7)

Female 2144 (50.5) 1489 (49.3) 412(53.1) 106 (49.5) 102 (59.0) 35(59.3)
Age?, mean (SD) 47.0(12.9) 471 (13.1) 44.6 (12.2) 51.2 (9.29) 50.6 (13.8) 46.9 (11.0)
Detect year, n (%)

2018 384 (9.1) 253 (8.4) 119 (15.3) 0 (0) 1(0.6) 11 (18.6)

2019 2688 (63.4) 1910 (63.2) 479 (61.7) 121 (56.5) 132 (76.3) 46 (78.0)

2020 1170 (27.6) 857 (28.4) 178 (22.9) 93 (43.5) 40 (23.1) 2(3.4)
Therapy history, n (%)

No 3043 (71.7) 2539(84.1) 320 (41.2) 161 (75.2) 7 (4.0) 16 (27.1)

Yes 997 (23.5) 448 (14.8) 407 (52.4) 40 (18.7) 59 (34.1) 43 (72.9)

Unknown 202 (4.8) 33(1.1) 49 (6.3) 13 (6.1) 107 (61.8) 0 (0)

a, Age data were missing for 6 individual subjects.

of China. The overall resistance rate for clar-
ithromycin was 47.24%, while the secondary
resistance rate was higher than the primary
resistance rate (76.93% vs. 37.00%). When the
resistance rate is higher than 15%, a region is
generally considered to have high resistance to
clarithromycin [3]; in all regions of China, the
primary resistance rate exceeded 15%, with
the highest rate reaching 48.45% in northwest
China. The resistance rate for levofloxacin in
China, with a primary resistance rate of 34.21%,
was also noteworthy; the secondary resistance
rate increased to 61.58% in patients with a
treatment history, and the overall resistance
rate was 41.40%. The overall resistance rates
for amoxicillin, furazolidone, and tetracycline
were relatively low in China at 3.23%, 2.05%,
and 1.65%, respectively. However, in northwest
China, H. pylori had significantly higher resis-
tance rates, both primary and secondary, for
these three antibiotics than those in other
regions of China. The primary resistance rates
of H. pylori strains to amoxicillin, furazolidone,
and tetracycline in the northwest region were
12.42%, 20.50%, and 19.25%, respectively,
whereas the secondary resistance rates were
30.00%, 25.00%, and 25.00%, respectively,
which were noteworthy. For metronidazole,
both primary and secondary resistance rates
were very high in China (>87% in all regions).

Figure 2 demonstrates the dual and triple anti-
biotic resistance of H. pylori in China. The rates
of dual resistance to metronidazole + clarithro-
mycin, metronidazole + levofloxacin, and clar-
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ithromycin + levofloxacin were quite high,
reaching 43.6%, 38.4%, and 28.1%, respective-
ly. The rate of triple resistance to clarithromycin
+ levofloxacin + metronidazole was high, reach-
ing 26.5%. Dual-resistance rates for other anti-
biotic combinations were low (<5%).

The correlation between the types of mutations
in antibiotic-resistance genes and phenotypic
resistance in H. pylori is presented in Table 3.
The most common mutation locus for clarithro-
mycin resistance was A2143G, with 91.4% of
the resistant strains carrying mutation at this
locus, while the prevalence of the A2142G and
A2144G mutations was lower (0.9% and 0.1%,
respectively). The amino-acid substitution ty-
pes in gyrA at positions 87 and 91 for levofloxa-
cin resistance included Asn87lle, Asn87Lys,
Asn87Thr, Asn87Tyr, Asp9l1Asn, Asp91Gly,
and Asp91Tyr. All but Asn87Thr were signifi-
cantly distinct between the levofloxacin-sensi-
tive and levofloxacin-resistant strains. Amino-
acid substitutions Val374Leu, Asn562Tyr, and
Thr593Ala in PBP1A were most frequent in
amoxicillin-resistant strains and differed signifi-
cantly from sensitive strains. The mutations
G353A, A356G, and C357T in porD and A41G
and A335G in oorD were significantly different
between the furazolidone-resistant and furazol-
idone-sensitive strains, but the prevalence of
these mutations was not low in the sensitive
strains. The 16S rRNA AGA926-928 mutation,
which was considered to be related to tetracy-
cline resistance, revealed AGC, CGA, GGA, TGC,
and TTC mutation types. However, the inci-
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Table 2. Prevalence of Helicobacter pylori phenotypic resistance

Overall Eastern China Central China Northwest China South China North China
(N=4242) (N=3020) (N=776) (N=214) (N=173) (N=59)
CLA, n (%)
Primary 1126 (37.00) 917 (36.12) 121 (37.81) 78 (48.45) 2(-) 8 (-)
Secondary 767 (76.93) 368 (82.14) 311 (76.41) 21 (52.50) 26 (44.07) 41 (95.35)
Unknown 111 (54.95) 16 (48.48) 26 (53.06) 5 (38.46) 64 (59.81) -
All 2004 (47.24) 1301 (43.08) 458 (59.02) 104 (48.6) 92 (53.18) 49 (83.05)
LEV, n (%)
Primary 1041 (34.21) 838 (33.01) 112 (35.00) 85 (52.80) 3() 3()
Secondary 614 (61.58) 280 (62.50) 257 (63.14) 25 (62.50) 24 (40.68) 28 (65.12)
Unknown 101 (50.00) 17 (51.52) 25 (51.02) 7 (53.85) 52 (48.60) -
All 1756 (41.40) 1135 (37.58) 394 (50.77) 117 (54.67) 79 (45.66) 31 (52.54)
AMX, n (%)
Primary 67 (2.20) 23(0.91) 20 (6.25) 20 (12.42) 1() 3()
Secondary 61 (6.12) 12 (2.68) 28 (6.88) 12 (30.00) 1(1.69) 8 (18.60)
Unknown 9 (4.46) 0 (0) 4 (8.16) 2 (15.38) 3(2.80)
All 137 (3.23) 35 (1.16) 52 (6.70) 34 (15.89) 5 (2.89) 11 (18.64)
FZD, n (%)
Primary 49 (1.61) 12 (0.47) 1(0.31) 33 (20.50) 0(-) 3()
Secondary 31(3.11) 3(0.67) 17 (4.18) 10 (25.00) 0 (0) 1(2.33)
Unknown 7 (3.47) 0(0) 3(6.12) 2 (15.38) 2(1.87) -
All 87 (2.05) 15 (0.50) 21 (2.71) 45 (21.03) 2 (1.16) 4 (6.78)
TET, n (%)
Primary 36 (1.18) 4 (0.16) 1(0.31) 31 (19.25) 0 (-) 0 ()
Secondary 33(3.31) 2 (0.45) 18 (4.42) 10 (25.00) 1(1.69) 2 (4.65)
Unknown 1 (0.50) 0 (0) 1(2.04) 0 (0) 0 (0) -
All 70 (1.65) 6 (0.20) 20 (2.58) 41 (19.16) 1(0.58) 2 (3.39)
MET, n (%)
Primary 2674 (87.87) 2213 (87.16) 281 (87.81) 159 (98.76) 7 (-) 14 (-)
Secondary 932 (93.48) 425 (94.87) 373 (91.65) 39 (97.50) 52 (88.14) 43 (100.00)
Unknown 188 (93.07) 30(90.91) 45 (91.84) 13 (100.00) 100 (93.46) -
All 3794 (89.44) 2668 (88.34) 699 (90.08) 211 (98.60) 159 (91.91) 57 (96.61)

Resistance rates were hidden for subgroups with sample sizes less than 20. CLA: clarithromycin, LEV: levofloxacin, AMX: amoxi-
cillin, FZD: furazolidone, TET: tetracycline, MET: metronidazole.

dence of the AGA926-928GGA mutation,
which is a single-base mutation, was different
between the tetracycline-resistant and tetracy-
cline-sensitive strains (16.3% vs. 3.7%, P<0.01).
The rdxA mutation loci, which have been report-
ed previously [24], were not found to differ
between the metronidazole-resistant and met-
ronidazole-sensitive strains.

Table 4 presents the agreement between H.
pylori phenotypic and genotypic antibiotic resis-
tance. Phenotypic and genotypic resistance to
clarithromycin and levofloxacin were in good
agreement, and the resistance patterns of 23S
rRNA and gyrA genotypes performed well in dis-
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criminating strain susceptibility to clarithromy-
cin and levofloxacin (kappa coefficient =0.810
and 0.782, respectively). However, the agree-
ment between the phenotypic and genotypic
resistance to amoxicillin, furazolidone, tetracy-
cline, and metronidazole was not satisfactory.

Discussion

This nationwide, multicenter, large-sample
study was organized by the CCHpMM, which
was initiated by Prof. Shudong Xiao, to investi-
gate antibiotic-resistant phenotypes, multi-
antibiotic resistance, and antibiotic resistance-
conferring genotypes in H. pylori and to assess

Am J Cancer Res 2021;11(10):5027-5037
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Figure 2. Dual and triple antibiotic resistance of Helicobacter pylori in
China. M, metronidazole; C, clarithromycin; L, levofloxacin; A, amoxicillin;

F, furazolidone; T, tetracycline.

the agreement between resistance phenotypes
and genotypes in China. This is the most wide-
spread and large-scale study of H. pylori antibi-
otic-resistant phenotypes and genotypes con-
ducted in China thus far, including strains from
five regions (nine provinces). Our results indi-
cate that the state of antibiotic resistance of H.
pylori in China is severe. The resistance rates
for clarithromycin, levofloxacin, and metronida-
zole were higher than those reported in the
past decade [6, 25]. Clarithromycin-resistance
rates are well above 15%, and clarithromycin-
containing empirical triple therapy is no longer
appropriate. Levofloxacin is no longer recom-
mended as a first-line drug and is instead rec-
ommended mainly as a second-line empirical
drug by expert consensus in China [7]. The cur-
rent primary and secondary levofloxacin-resis-
tance rates are so alarming that the appropri-
ateness of second-line empiric administration
without antibiotic susceptibility testing should
be reconsidered.

H. pylori resistance rates for amoxicillin, fura-
zolidone, and tetracycline remained low in
China. However, we noted that the primary
resistance rates of H. pylori for amoxicillin, fura-
zolidone, and tetracycline in northwest China
(Gansu Province) reached 12.42%, 20.5%, and
19.25%, respectively, which were much higher
than those in other regions. Whether this is
related to the clinical or agricultural overuse of
these antibiotics in the region requires further
investigation. Since the antibiotic combinations
recommended by the consensus of Chinese
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experts contain one or two of

these three antibiotics [7], the

efficacy of the expert-recom-

mended regimen in this region
28 should be studied further.

This study also investigated mu-
Itidrug-resistant H. pylori strains
in China. Various antibiotic com-
binations, including metronida-
zole + clarithromycin, metroni-
dazole + levofloxacin, clarithro-
mycin + levofloxacin, and clar-
Q ithromycin + levofloxacin + met-

ronidazole had co-antibiotic
resistance rates above 25%,
and these antibiotic combina-
tions may no longer be suitable
for use in empiric therapy in
China.

Pertaining to the antibiotic-resistance geno-
types of H. pylori, this study found that the
major genotypic alterations for clarithromycin
resistance were A2143G and A2142G muta-
tions in 23S rRNA, and those for levofloxacin
resistance were mutations resulting in substi-
tutions in amino acids 87 and 91 of gyrA. These
loci were significantly different between the
resistant and sensitive strains, with good con-
cordance between genotypic and phenotypic
resistance (kappa >0.75). These results are
generally consistent with those of previous
studies [9-12]. Thus, detecting resistance to
clarithromycin and levofloxacin by the resis-
tance genotype is an applicable alternative
method.

Mutations in bases 926-928 of 16S rRNA are
the main cause of tetracycline resistance in H.
pylori. Single- or double-base mutations in
these three bases may lead to low levels of tet-
racycline resistance in H. pylori, whereas simul-
taneous mutations in the three bases may lead
to high levels of resistance [22, 23, 26, 27].
However, in the present large-scale study in
China, mutations did not differ significantly
between the tetracycline-resistant and tetracy-
cline-sensitive strains, except for AGA926-
928GGA; therefore, there was a poor agree-
ment between tetracycline-resistance pheno-
types and genotypes. This finding was inconsis-
tent with those of previous studies [22, 23].
Hence, further research on the mechanism of
tetracycline resistance is required, in order to

Am J Cancer Res 2021;11(10):5027-5037
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Table 3. Correlation of mutation types of antibiotic resis-
tance genes and phenotypic resistance in Helicobacter

pylori
Resistant phenotype
Mutation type Resistant  Sensitive X2 P value
norn (%) norn (%)

CLA (23S rRNA) 1739 1951

A2142G 16 (0.9) 3(0.2) - 0.002
A2143G 1589 (91.4) 214 (11.0) 2375.75 <0.001
A2144G 1(0.1) 1(0.1) - 1
LEV (GyrA) 927 957

Asn87lle 63 (6.8) 3(0.3) - <0.001
Asn87Lys 448 (48.3) 45(4.7) 461.602 <0.001
Asn87Thr 2(0.2) 1(0.2) - 0.619
Asn87Tyr 11 (1.2) 0 (0) - <0.001
Asp91Asn 141 (15.2) 23(2.4) 95.579 <0.001
Asp91Gly 109 (11.8) 14 (1.5) 80.111 <0.001
Asp91Tyr 52 (5.6) 7 (0.7) 35.345 <0.001
AMX (PBP1A) 83 2120

Ala320Val 2(2.4) 2(0.1) - 0.008
Phe366Leu 0 (0) 10 (0.5) - 1.000
Ala369Thr 1(1.2) 12 (0.6) - 0.394
Val374Leu 9 (10.8) 34 (1.6) 30.965 <0.001
Serd414Arg 3(3.6) 9 (0.4) - 0.009
Leu423Phe 0 (0) 1(0) - 1.000
Thr556Ser 3(3.6) 21 (1.0) - 0.059
Asn562Tyr 20 (24.1) 83(3.9) 68.533 <0.001
Thr593Ala 5 (6.0) 8(0.4) 34.322 <0.001
Thr593 deletion 1(1.2) 0 (0) - 0.038
Gly595Ser 1(1.2) 0 (0) - 0.038
FZD (porD) 65 1835

G353A 29 (44.6) 571(31.1) 4.687 0.030
A356G 30(46.2) 569(31.0) 5.988 0.014
C357T 30(46.2) 571(31.1) 5.886 0.015
FZD (oorD) 65 1835

A41G 25(38.5) 468 (25.5) 4.832 0.028
A122G 34 (52.3) 758(41.3) 2.689 0.101
A335G 26 (40.0) 471(25.7) 5.955 0.015
TET (16s rRNA) 49 1734

AGA926-928AGC 12 (24.5) 275(15.9) 2.028 0.154
AGA926-928CGA 3(6.1) 73 (4.2) - 0.463
AGA926-928GGA  8(16.3) 64 (3.7) 16.509 <0.001
AGA926-928TGC 7 (14.3) 142 (8.2) 1.585 0.208
AGA926-928TTC 0 (0) 1(0.1) - 1.000
MET (rdxA) 1572 102

AB1G 189 (12.0) 18(17.6) 2.301 0.129
T62C 188 (12.0) 18(17.6) 2.369 0.124
A91G 1537 (97.8) 102 (100) - 0.268
C92A 1531 (97.4) 102 (100) - 0.173
C92G 6 (0.4) 0 (0) - 1.000
5033

reveal other mutation loci that may
contribute to tetracycline resistance.

The PBP1A mutation has been report-
ed to be the major cause of H. pylori
resistance to amoxicillin [18, 28-30].
Our results revealed that the occur-
rence of amino-acid substitutions or
deletions at positions 320, 374, 414,
562, 593, and 595 in PBP1A was sig-
nificantly higher in amoxicillin-resistant
strains than in the amoxicillin-sensitive
strains, and the resistance phenotype
of more than 90% of the strains was
consistent with the resistance geno-
type. However, there existed a subset
of phenotypically resistant strains not
harboring mutations at these loci,
thereby resulting in a lack of consisten-
cy in determining amoxicillin-resistant
phenotypes using genotypes. It is pos-
sible that there are other mechanisms
(such as expression of efflux-pump
genes) that contribute to the incidence
of amoxicillin resistance [31], and the
determination of the sensitivity of
amoxicillin susceptibility by genotype
requires further study.

This study also investigated the muta-
tion loci in furazolidone resistance-
related genes reported previously [21],
and the occurrence of the G353A,
A356G, and C357T mutations in porD
and the A41G and A335G mutations in
oorD was found to be more frequent in
furazolidone-resistant strains than in
furazolidone-sensitive strains. How-
ever, a number of these mutation loci
were also found in furazolidone-sensi-
tive strains; therefore, the susceptibili-
ty of H. pylori to furazolidone cannot be
determined simply by identifying these
mutation loci.

Metronidazole resistance has been
demonstrated to be associated with
loss of rdxA function due to genetic
mutations. This study investigated sev-
eral metronidazole resistance-related
mutations reported previously [24],
including one identified by natural
transformation studies [32], and sig-
nificant differences between metroni-
dazole-sensitive and metronidazole-

Am J Cancer Res 2021;11(10):5027-5037



H. pylori antibiotic resistance in China

G392A 1524 (96.9) 101 (99.0)
AG10G 1550 (98.6) 102 (100)
A614C 5(0.3) 0(0)

0.362 In conclusion, the status of H. pylori

resistance to antibiotics in China is crit-
ical. Before working on the availability
of novel antimicrobial drugs and vac-

0.64
1.000

CLA: clarithromycin, LEV: levofloxacin, AMX: amoxicillin, FZD: furazoli-

done, TET: tetracycline, MET: metronidazole.

resistant strains were found. Zhang et al. indi-
cated that some of the rdxA mutations are phy-
logenetically related, but do not offer metroni-
dazole resistance [33], which may explain the
lack of significant differences between metroni-
dazole-resistant and metronidazole-sensitive
strains in rdxA at positions 91, 92, 392, and
610 in this study. There may be some other
unknown mutation loci that contribute to H.
pylori resistance to metronidazole and there-
fore metronidazole-resistant H. pylori geno-
types require further in-depth analysis.

This large-sample, multicenter study provided
insights into the status of antibiotic resistance
in H. pylori in China and identified high antibiot-
ic-resistance rates in some regions as well
as issues of multi-antibiotic resistance, with
important implications for the clinical use of
antibiotics. This study identified a strong con-
cordance between phenotypes and genotypes
of clarithromycin-resistant and levofloxacin-
resistant H. pylori strains through a large-scale
survey. The present study also revealed a weak
concordance between the resistance pheno-
types and the tetracycline resistance-confer-
ring 16S rRNA926-928 mutations that have
been defined well previously, as well as geno-
types conferring resistance to amoxicillin, fura-
zolidone, tetracycline, and metronidazole.
Determining antibiotic resistance may require
assays targeting multiple genetic loci to improve
accuracy; therefore, we are conducting a multi-
locus antibiotic-resistance genotype assay for
H. pylori using next-generation sequencing
technology, with the expectation of improving
the accuracy of genotype-based methods in
determining antibiotic resistance in H. pylori. A
shortcoming of this study is that the strains
were mainly isolated from patients from big cit-
ies; the study lacks antibiotic resistance data
for H. pylori strains originating in small cities,
villages, and towns. In the future, we will estab-
lish more branches of the CCHpMM in such
places, which were not included in this study, to
monitor H. pylori antibiotic resistance more
comprehensively.
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cines, antibiotic stewardship should be

strengthened. Antibiotics for eradica-

tion therapy should be selected based
on antibiotic-susceptibility testing or regional
resistance status in order to reduce the occur-
rence of H. pylori antibiotic resistance. Geno-
typic resistance testing has several advantages
over traditional phenotypic resistance testing.
The traditional testing method of H. pylori resis-
tance to clarithromycin and levofloxacin, which
is based on phenotypic studies, can be replaced
with genotypic testing in China.
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Table 4. Agreement between phenotypic and genotypic resistance

Antibiotics Genotypic resistance

Phenotypic resistance

Resistant Sensitive

Accordance rate Kappa coefficient (95% Cl) P value

CLA

LEV

AMX

FzD?

TET

MET

Resistant 1606 218
Sensitive 133 1733
Resistant 814 92

Sensitive 113 865
Resistant 45 180
Sensitive 38 1940
Resistant 29 569
Sensitive 36 1266
Resistant 30 555
Sensitive 19 1179
Resistant 1571 102
Sensitive 1 0

90.49% 0.81 (0.791-0.829) <0.001
89.12% 0.782(0.754-0.81) <0.001
90.10% 0.251 (0.184-0.318) <0.001
68.16% 0.027 (0.002-0.053) 0.02

67.81% 0.046 (0.021-0.071) <0.001
93.85% -0.001 (-0.003-0.001) 0.799

a, Both porD and oorD mutations are considered to be resistance mutations in furazolidone. CLA: clarithromycin, LEV: levo-
floxacin, AMX: amoxicillin, FZD: furazolidone, TET: tetracycline, MET: metronidazole.
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Supplementary Table 1. Criteria for interpreting phenotypic resistance based on diameter of inhibi-
tion ring

Types of interpretation

Antibiotics - - .
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
FzZD <14 mm 15-16 mm >17 mm
TET <14 mm 15-18 mm >19 mm
MET <16 mm 16-21 mm >21 mm

CLA: Clarithromycin; LEV: Levofloxacin; AMX: Amoxicillin; FZD: Furazolidone; TET: Tetracycline; MET: Metronidazole.

Supplementary Table 2. PCR primers and mutation loci interpreted in H. pylori genotypic resistance
testing

Genes Primers Loci of interpretation Annotation

23S rRNA  Forward: 5’-GAATTGAAGCCCGAGTAAACG-3’ A2142,A2143, A2144 [1-3] Related to charithromycin resistance
Reverse: 3'-TCAAGCAGAGACGAAAGTCGG-5’

GyrA Forward: 5’-GGCGTA GTATGCGATGC-3' Asn87, Asp91 [2, 4-6] Related to levofloxacin resistance

Reverse: 3'-GAAAGTGCGGGCCAAAGTG-5’

PBP1A Forward 1: 5’-AGGCGGTTGTATTCTTTAGGC-3’ Ala320, Phe366, Ala369, Val374, Ser414, Related to amoxicillin resistance
Reverse 1: 3'-CACTGACCAACAAAACGATGTCAA-5’ Leu423, Thr556, Asn562, Thr593 [7, 8]
Forward 2: 5’-TACGGCACCATGCTCAAACC-3’
Reverse 2: 3'-ATAGGGACTTTCACATCGCTG-5’

porD Forward: 5’-CCATTACACCGAGCAAAGCTA-3’ G353, A356, C357 [9] Related to furazolizone resistance
Reverse: 3'-GCCTATCCTATCACCCCATCA-5’

oorD Forward: 5'-CATGCTTTCAGCGCGACTTAT-3’ A41, A122, A335 [9]
Reverse: 3'-GCGTATCTTTAGGGGCAAGC-5’

16S rRNA  Forward: 5’-GCGACCTGCTGGAACATTAC-3’ AGA926-928 [10, 11] Related to tetracycline resistance
Reverse: 3-TCGTGTCGTGAGATGTTGGG-5’

rdxA Forward: 5’-CATGGGTTGCTGATTGTGGTT-3’ A61, T62, A91, C92, G392, A610, A614 [12] Related to metronidazole resistance

Reverse: 3-GGTGTTTTCAAGCGTTTCATTAAG-5’
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Supplementary Figure 1. Upset plots of testing type performed for each H. pylori strain. PRT: Phenotypic resistance
testing; GRT: Genotypic resistance testing; CLA: Clarithromycin; LEV: Levofloxacin; AMX: Amoxicillin; FZD: Furazoli-
done; TET: Tetracycline; MET: Metronidazole. One strain was not underwent metronidazole susceptibility test.



