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ABSTRACT

Background: High prevalence and low eradication rates of Helicobacter pylori have become major challenges to clinicians. The
growing antibiotic resistance rate via mutational changes is the primary reason for the sharp decline in the H. pylori eradication rate.

Aim: To study the role of genetic mutations in the antibiotic resistance of H. pylori.

Methods: H. pylori strains were isolated between 2017 and 2018 from patients with H. pylori infection. Antimicrobial
susceptibility testing was performed for amoxicillin, fura-zolidone, clarithromycin, metronidazole, levofloxacin and tetracycline using
the E-test method. Gene mutations were investigated by PCR-RDB assay for the antibiotic-resistant strains.

Results: In total, 118 patients with H. pylori infection were enrolled, including 21 subjects from whom strains failed to be
isolated. Only 6 strains were sensitive to all of the antibiot-ics tested. Isolates were characterized by no resistance to amoxicillin (0%),
furazolidone (0%), and tetracycline (0%); a concerning resistance rate to clarithromycin (27.8%) and levofloxacin (29.9%); and a
high resistance rate to metronidazole (88.7%). Of all the clarithromycin-resistant strains, 88.0% had the A2143G mutation in 23S
rRNA, while the A2142G mutation was not detected. NS7K, D91G, D9IN and D91Y were four common mutations in the levofloxacin

resistance-determining region of gyrA. The G616A muta-tion (30.2%) was not prevalent in metronidazole-resistant strains.

Conclusions: Metronidazole should not be considered when eradicating H. pylori in adults in Zhejiang, China. The first-line
empirical regimen for H. pylori eradication should include amoxicillin if the patient is not allergic to it. Gene mutations play an im-
portant role in the antibiotic resistance of H. pylori, especially clarithromycin and levofloxacin.
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Introduction

Barry J. Marshall and J. Robin Warren won the
Nobel Prize in Medicine in 2005 for their landmark
discovery of Helicobacter pylori (H. pylori). Their re-
search not only offered a key to healing peptic ulcers,
but also provided new perspective on how to study
gastric cancer. In 2015, the Kyoto global consensus
report on H. pylori gastritis stressed the im-portance
of eradicating H. pylori’. However, high prevalence
and low eradication rates remain major challenges to
physicians@®?. As we reviewed before, the growing
antibi-otic resistance rate through mutational chang-
es is the main reason for the sharp decline in the H.
pylori eradication rate. Point mutations in the 23S

rRNA gene and alterations in the 16S rRNA gene
and in rdxA, frxA, pbpl, gyrA and gyrB, result in
resistance to clar-ithromycin, metronidazole, amox-
icillin, levofloxacin and tetracycline, respectively®.
Nevertheless, most of these data were from Western
countries, and H. pylori is highly di-verse among
various populations®©.

In Zhejiang, there is both a high rate of gas-
tric cancer morbidity and a high prevalence of the
associated H. pylori infection, suggesting the need
for more effective therapies to eradicate H. pylori.
Therefore, this study explored the role of genetic
mutations in the antibiotic resistance of H. pylori in
Zhejiang, China, which may shed light on the diag-
nosis and treatment of H. pylori.
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Material and methods

Study design

This was a non-randomized, single-centred,
non-inferiority, open-label study of the mo-lecular
mechanism of antibiotic resistance of H. pylori. H.
pylori strains were isolated be-tween December 2017
and December 2018 from infected patients in the
First Affiliated Hospital of Zhejiang Chinese Med-
ical University.

Antimicrobial susceptibility testing was per-
formed for amoxicillin, furazolidone, clarithromy-
cin, metronidazole, levofloxacin and tetracycline
using the E-test method. Mutations in rdx (G616A),
23S rDNA (A2142G, A2143G) and gyrA (N87K,
D91G, D91N, and D91Y) were investigated through
polymerase chain reaction reverse dot blot hybridi-
zation (PCR-RDB) for the re-lated antibiotic-resist-
ant strains.

Genomic DNA extraction

5 ml EDTA-Na2 anticoagulant was obtained,
nucleated cells were separated with lympho-cyte
separation liquid, and genomic DNA was extracted
using a genomic DNA extraction kit (Yaneng Bio-
Sciences, centrifugal column type).

Amplification of PCR-RDB

Probes were designed using Primer 5 software
(Shanghai SANGON Biotechnology Com-pany).
Case and serial numbers were printed on the hybrid-
ization filter.

Then, the filter was put into 10% 1-(3-Dimeth-
ylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC), washed with distilled water several times,
and dried on filter paper. ASO (1 pl) was added to
the dried filter. After 15 min, the filter was put into
0.1 mol/L NaOH and then dried.

Polymerase chain reaction (PCR) amplification

The primers were designed with Primer 5 soft-
ware (Shanghai SANGON Biotechnology Compa-
ny) (Table 1).

The 5° end of each primer was labelled with
biotin. Final volume of the PCR was 50 pl, with 8.0
pmol/L primers, 1 ul DNA, 2 U LA Taq enzyme,
(Invitrogen) and distilled water. PCR amplification
was performed under the following conditions: 10
min 50°C reaction with UDG enzyme; 10 min 95°C
initial denaturation; followed by 45 cycles at 95°C
for 30 sec, 56°C for 30 sec, 72°C for 30 sec, and
72°C for 5 min.

Category Points Mark Sequence (5°-3")
(poi%l:t;SZIrélEZI\/I;‘l 43 | BSW ACGGAAAGACCCCGTG
oyrA (point 87) | 8TW GGCGATAATGCGGTTT
eyrA (point91) | 91W | TTTATGATGCACTAGTGAG
(point 616) 616W | AAGTTGATGCAATTACTTG
(ﬁgisn f‘;ﬁ’;) A2142G GACGGGAAGACCC
Experimental (;gisn t“;ﬁ’;) A2143G AGACGGAGAGACCCC
eyrA (point 87) | N87K GCGATAARGCGGTTT
DYIG ATGGTGCGYTAGTGAGA
gyrA (point 91) DI1Y TTATTATGCGYTAGTGAG
DIIN | TTATAATGCGCTAGTGAG
rdxA (point 616) | G616A | CAAAAGTTGATACAATTACTT
Control B-globin IC CCTCTTATCTTCCTCCCAC

Table 1: Sequence of probes used in study.
W: wild type.

RDB hybridization

The filter combining specific ASO probes was
immersed in hybridization solution. Then, three
tubes of PCR products were added to the solution.
After denaturation for 10 min in a 100°C water bath,
the mixed solution was put in a hybridization oven
(Robbins Scien-tific) for 1.5 h at 48°C. The filter was
then washed to remove the unhybridized PCR prod-
ucts. Finally, the filter was left in 20 ml of develop-
ing solution for 5 to 15 min at room temperature.
Blue-purple spots were recorded as positive results.

Results

In total, 118 patients with H. pylori infection
were enrolled. There was no significant dif-ference
in sex (male:female = 1.03:1, p>0.05). The mean age
of these patients was 46 years old. Twenty-one strains
failed to be cultured in vitro; among the remaining
97 strains, 13 strains failed to be detected by PCR,
and 9 strains had failed eradication histo-ry. Of the
9 strains with failed eradication history, 8 were re-
sistant only to metronidazole, and 1 was resistant to
clarithromycin, levofloxacin and metronidazole.

To our surprise, only 6 strains were sensitive
to all antibiotics. The remaining isolates were char-
acterized by no resistance to amoxicillin (0%), fura-
zolidone (0%) and tetracycline (0%); a concern-ing
resistance rate to clarithromycin (27.8%) and levo-
floxacin (29.9%); and a high re-sistance rate to met-
ronidazole (88.7%) (Table 2). The dual drug resist-
ance rate and triple drug resistance rate were 22.7%
and 15.5%, respectively.
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Drug name Resistance rate Mutated gene and its positive rate
Amoxicillin 0
Furazolidone 0
Tetracycline 0
Clarithromycin 27.8% A2143G (23S rRNA) 88%
Levofloxacin 29.9% ggzlé g(l)q;)y’o )? ?)191\{ \({2(()679(?52;25
Metronidazole 88.7% G616A (rdxA) 30.2%

Table 2: The drug-resistance rate and mutated genes.

Resistance gene for clarithromycin

Twenty-seven strains were resistant to clarithro-
mycin, and all but 2 of these had dual drug resistance
or triple drug resistance. Two strains failed to be de-
tected by PCR. Among the remaining 25 strains, 22
strains (88.0%) had A2143G mutations in 23S rRNA,
and no strains harboured A2142G mutations in 23S
rRNA (Table 2).

Resistance gene for levofloxacin

Twenty-nine strains were resistant to levo-
floxacin, and among these strains, only 1 had sin-
gle drug resistance. Mutations in the levofloxacin
resistance gene (the most common point mutations
being N87K, D91G, D91Y and D91N in gyrA) were
examined. The N87K mutation (31%) was the most
common mutation in the levofloxacin resistance-de-
termining region of gyrA.

Mutations at point 91 varied among D91G
(10.3%), D91IN (20.7%) and DI1Y (6.9%) (Table 2).
The sensitivity of PCR-RDB in levofloxacin re-sis-
tance examination was 75.9%.

Resistance gene for metronidazole

Eighty-six strains were resistant to metronida-
zole, and 36 strains were resistant to 2 or more drugs,
including metronidazole.

The most common point mutation, G616A, in
rdxA was examined via PCR-RDB. The G616A mu-
tation was present in only 30.2% of the metronida-
zole-resistant isolates (Table 2).

Discussion

H. pylori was considered an independent risk
factor in World Cancer Report 2014, pub-lished by
WHO Press. According to this report, the prevalence
of H. pylori was relatively high in east Asia, espe-
cially in China and Japan?. A large survey including
26341 peo-ple from 39 centres in 19 Chinese prov-
inces conducted between 2001-2004 by the Chinese

Medical Association showed that 59% of Chinese
people were infected with H. pylori®. The eradica-
tion therapy improved every several years because
of the increasing anti-biotic-resistance rates. Among
the antibiotics recommended by the latest guidelines,
the prevalence of H. pylori resistance to metronida-
zole was as high as 60%~70%, while the prevalence
of resistance to clarithromycin and levofloxacin was
20%~38% and 30%~38%, respectively. Fortunate-
ly, this study also showed low resistance rates of H.
py-lori to amoxicillin, furazolidone and tetracycline,
ranging from 1% to 5%“-'%. It should be noted how-
ever, that tetracycline is rarely used in China due to
its potential ad-verse effects.

Extensive and unreasonable application of an-
tibiotics is a main contributor to develop-ment of
antibiotic resistance!'’. As we reviewed previously,
many mechanisms contrib-ute to H. pylori antibi-
otic resistance, including gene mutations, increased
oxygen radical scavenger system activity, and in-
creased DNA repair enzyme activity. Among these
mech-anisms, point mutations in various genes play
an important role®. An increase in clar-ithromycin
resistance has been observed in many countries, in-
cluding Japan, Korea, and the United States!'> ',
Clarithromycin resistance is associated with a mu-
tation in 23S rDNA (i.e., A2143G and A2142G) in
the 50S ribosome, and its conferring mutations have
geographic differences. Ubhayawardana NL et al.
found that the dominant point mutation was at the
A2142G site in 23S rDNA, while the A2143G mu-
tation was not de-tected'¥. However, studies from
China and Japan showed that A2143G was the pri-
mary mutation in clarithromycin-resistant strains;
our study found similar results>19,

There is likewise a high rate of levofloxacin
resistance. Studies have found 4 genes relat-ed to
fluoroquinolone resistance, including gyrA, gyrB,
parC and parE. In Neisseria gon-orrhoeae, gyrA and
parC mutations account for most fluoroquinolone re-
sistances. How-ever, parC and parE were not found
in H. pylor"”-'®_ Therefore, gyrA mutations are pri-
marily responsible for fluoroquinolone resistance in
H. pylori. Studies showed that mutations at codons
87 (N87K) and 91 (D91G, D91N, D91A, or DI1Y)
of the gyrA gene are the most frequent!*2?. In this
study, we only examined mutations in the gy-rA gene.
N87K was the most common mutation, followed by
DO9IN; sensitivity was 75.9%. Geographic differ-
ences were also present in fluoroquinolone-resistant
genes. Whereas we observed mutations in N87K,
the main gyrA gene mutation for fluoroquino-lone
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resistance in Brazil (11.3%) was found in N871?®. In
Asia, 66.6% (8/12) of the metronidazole resistance
of H. pylori was caused by rdxA inactivation, while
33.3% (4/12) of the remaining resistance was caused
by both rdxA and frxA inactivation®. Similarly, in
Malaysia, metronidazole resistance rates were 89.1%
for insertions/deletions in rdx A and/or frxA®>. How-
ever, in the same study, 10.8% of strains resistant to
metronidazole exhibited no change in either rdxA or
frxA. Jeong et al. found that metronidazole resist-
ance development in Canada was mostly asso-ciated
with inactivation in rdxA with or without frxA37.
Their study also showed that the development of
metronidazole resistance in H. pylori rarely requires
the inactivation of frxA alone®®.

In our study, only the G616A mutation in rdxA
was detected in isolates. Less than 32% of the met-
ronidazole-resistant strain had G616A mutations in
rdxA, which calls to mind the complex mutations in
rdxA®. In addition, other mechanisms, includ-ing
increased oxygen radical scavenger system activity,
increased DNA repair enzyme ac-tivity, reduced up-
take and increased efflux, also contribute to metroni-
dazole resistance in H. pylori®.

According to the new Toronto Consensus®”,
first-line therapy should consider regional antibiotic
resistance patterns and eradication rates. According
to this study, H. pylori in Zhejiang, China, has a high
resistance rate to metronidazole, clarithromycin and
levofloxacin. Empirically chosen treatments with
amoxicillin and furazolidone should be considered
as the first-line treatment. Meta-analysis showed that
tailoring therapy via E-test and PCR, the two most
popular methods to confirm the antimicrobial sus-
ceptibility of H. pylori, is a better alternative for H.
pylori eradication compared with empirically cho-
sen treatments®. In Zhejiang, China, the E-test re-
mains the first choice, while hospitals rarely perform
PCR to diagnose H. pylori or screen its antibiotic
resistance. In this study, an E-test demonstrated that
8 previously uneradicated strains were only resist-
ant to met-ronidazole, and sensitive to amoxicillin,
furazolidone, clarithromycin, levofloxacin and tet-
racycline. According to our questionnaire, no one
used metronidazole during first-line eradication.
This phenomenon might be due to the different en-
vironments in vivo and in vitro. The E-test takes
an average of one week, and patients may not wish
to wait for treatment. In our study, PCR-RBD only
took 1 day, offering much quicker results than the
E-test. Giorgio F et al. found that compared to tissue
molecular analysis, it was feasible to use stool RT-

PCR analysis as a non-invasive tool for detection of
H. pylori DNA se-quences and antibiotic resistance
point mutations® . Therefore, PCR, especially stool
PCR analysis, might be a potential method to con-
firm the antimicrobial susceptibility of H. pylori.

Conclusions

Metronidazole should not be considered in the
eradication of H. pylori in adults in Zhejiang, China.
The first-line empirical regimen for H. pylori eradi-
cation should include amoxicillin (if no allergy) and
furazolidone. Gene mutations play an important role
in the antibiotic resistance of H. pylori, especially
for clarithromycin and levofloxacin. Gene mutations
detected by PCR could be an alternative to the E-test
to screen antibiotic re-sistance of H. pylori when the
first line fails or if patients are allergic to amoxicillin.
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