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Abstract: Helicobacter pylori (H. pylori) infection can cause peptic ulcer disease, gastric mucosa
associated lymphoid tissue lymphoma (GMALTL) and even gastric cancer. With increasing problem
of antibiotic resistance, study on mechanisms of which is promoted deeply. Molecular detection
methods, especially the nucleic acid detection technologies, can be used to detect antibiotic resistance
genes or mutations efficiently, rapidly and accurately, hence guiding the clinical treatment of H. py-
lori infection and helping to investigate antibiotic resistance rate timely and effectively in a large
area. In this review, H. pylori antibiotic resistance mechanisms of the most commonly used antibiot-
ics were discussed and associated resistance genes or mutations were emphatically reviewed.
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Figure 1 Schematic representation of mechanisms of H. pylori antibiotic resistance
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Table 1 Summary of antibiotic resistance mechanisms and mutations for H. pylori

Antibiotics Antibiotic classification ~ Antibiotic resistance mechanisms Major antibiotic resistance mutations

Clarithromycin Macrolides 23S rRNA mutations A2142G, A2142C, A2143G
Others
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Amoxicillin Beta lactams Mutations in the pbplA Ser414Arg, Thr556Ser, Asn562Tyr,
Others Thr593Ala

Levofloxacin Fluoroquinolones gyrA muations Asn87Lys,  Asn87Tyr, Asp91Gly,
Other (gyrB etc.) mutations Asp91Asn, Asp91Tyr, Ala88Val

Tetracycline Tetracyclines 16S rRNA mutations AGA926-928TTC, AGA926-928 dou-
Others ble and single mutations

Rifampicin and rifabutin Rifampicins rpoB muations 525-545 codons, 585 codon

1 —&RRITLY
11 ZTHRHEZHE

23S rRNA v
23S rRNA v

23S
[5]
23S rRNA
A2143G  A2142G  A2142C
A2143G

80%-90%°

A2115G G2141A T2717C T2182C T2289C
G2223A (C2245T C2611A

[7-9]
4 RND
(Resistance nodulation cell division superfamily
RND)
(Efflux pump inhibitors EPI) -
-B (Phe-arg-B-naphthylamide PAPBN)
RND

(Minimum inhibitory con-

centration MIC)“O]

(Proton pump inhibitor PPI) EPI
PPI

RND (i

(Outer membrane proteins OMP)
B EF-Tu OMP
HopT (BabB) HofC  OMP31
PCR
[12]
1.2 FRRHRARE
DNA
(

http://journals.im.ac.cn/wswxtbcn



986 A=Yy~ 8 Microbiol. China

2014, Vol.41, No.5

DNA
[13]
(NADPH)
(4] NAD(P)H
[15]
rdxA
NAD(P)H
[16]
frxA fdxB
[17]
rdxA
[18]
rdxA frxA
[19]
rdxA
DNA
[20]
rdxA
frxA

(Outer membrane efflux protein OEP)

RND
(21]

RNA

http://journals.im.ac.cn/wswxtbcn

1.3 FEFHK

(Penicillin binding pro-

teins PBPs)

3 PBPs (PBP1-3) 6
PBPs
(pbp 1A)
[22] PBP 1A
3 (SXXK SXN KTG)

PBPs
(pbp2  pbp3)

[23]

[24]

(D

Thr556Ser Asn562Tyr Thr593Ala

Ser414Arg Ala69Val Thr438Met Serd02Gly

Glu406Ala Ser417Thr Thr555Ser Asn561Tyr
Ala369Thr Val374Leu Leud423Phe (2)
464+Glu  (3) Tyr637+2%23-2¢]

PBPs
PBP1 SKN Serd414Arg
PBP1 KTG Thr556Ser
PBP1 KTG Asn562Tyr  Thr593Ala
Ala369Thr
Val374Leu Leu423Phe 464+Glu
Tyr637*
[23,25]
hopB  hopC
hopB hopC



987

(27] RNA

113 2

(omp25)
[28]

2 ZRKIY B BERIT Y

21 ESE&EDVE

(omp32)

DNA
DNA
gyrA 2 A gyrB
2 B gyrA
(Quinolone resistance de-
termining regions QRDR)
[29]
[30-35]
Asn87Lys Thr87Tyr Thr87Ile
Asn87Tyr  Asp91Gly  Asp91Asn  Asp91Tyr
Asp91His  Ala88Val  Ala88Pro  Asp86Asn
Alal29Thr Asp91 & Ala97Val

Asn87Lys & Asp91Tyr
Asn87Lys & Vall071le
(1) 91
Asp91Tyr) (2) 87
(3) 88

Asn87Lys & Asp91Gly

(Asp91Gly Asp91Asn
(Asn87Lys Asn87Tyr)
(Ala88Val) 91 87

87 MIC
87 91
MIC [30]

Asp86Asn

gyrB (Glu463Lys)

[35]
22 MRE
308
tRNA

168 rRNA (tet-1)

[36]

16S
926-928 [36-38]
AGA926-928TTC
24%-52%""

rRNA

AGA926-928

MIC AGA926-928

AGA
G MIC

[40]

[38,41-42]

HefABC
(Proton motive force PMF)
PMF CCCP ( M- )
MIC

[41]

[11,41-42]

3 ZRBITERANEIRITAY
DNA RNA
/ rpoB
RNA B [43]
4 525-545
585 49 701 [44]
Leu525Pro
Asp530Asn
I1le586Asn

GIn527Lys GIn527Arg Asp530Val
His540Tyr His540Asn  Ser545Leu
Ile586Leul >

4 BHE5RY

http://journals.im.ac.cn/wswxtbcn



988

A=Yy~ 8 Microbiol. China

2014, Vol.41, No.5

£ % X Wk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Warren JR, Marshall B. Unidentified curved bacilli on
gastric epithelium in active chronic gastritis[J]. Lancet,
1983, 321(8336): 1273-1275.

Malfertheiner P, Megraud F, O'Morain C, et al. Current
concepts in the management of Helicobacter pylori
infection: the Maastricht III Consensus Report[J]. Gut,
2007, 56(6): 772-781.

Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of
Helicobacter pylori infection[J]. Clinical Microbiology
Reviews, 2006, 19(3): 449-490.

Graham DY, Fischbach L. Helicobacter pylori treatment in
the era of increasing antibiotic resistance[J]. Gut, 2010,
59(8): 1143-1153.

Versalovic J, Shortridge D, Kibler K, et al. Mutations in
23S rRNA are associated with clarithromycin resistance in
Helicobacter pylori[J]. Antimicrobial Agents and
Chemotherapy, 1996, 40(2): 477-480.

Megraud F. H. pylori antibiotic resistance: prevalence,
importance, and advances in testing[J]. Gut, 2004, 53(9):
1374-1384.

Kim JM, Kim JS, Kim N, et al. Gene mutations of 23S
rRNA associated with clarithromycin resistance in
Helicobacter pylori strains isolated from Korean
patients[J]. Journal of Microbiology and Biotechnology,
2008, 18(9): 1584-1589.

Rimbara E, Noguchi N, Kawai T, et al. Novel mutation in
23S rRNA that confers low-level resistance to
clarithromycin in Helicobacter pylori[J]. Antimicrobial
Agents and Chemotherapy, 2008, 52(9): 3465-3466.

Hao Q, Li Y, Zhang ZJ, et al. New mutation points in 23S
rRNA gene associated with Helicobacter pylori resistance
to clarithromycin in northeast China[J]. World Journal of
Gastroenterology, 2004, 10(7): 1075-1077.

Hirata K, Suzuki H, Nishizawa T, et al. Contribution of
efflux pumps to clarithromycin resistance in Helicobacter
pylori[J]. Journal of Gastroenterology and Hepatology,

http://journals.im.ac.cn/wswxtbcn

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

2010, 25(Suppl 1): S75-S79.

Zhang Z, Liu ZQ, Zheng PY, et al. Influence of efflux
pump inhibitors on the multidrug resistance of
Helicobacter pylori[J]. World Journal of Gastroenterology,
2010, 16(10): 1279-1284.

Smiley R, Bailey J, Sethuraman M, et al. Comparative
proteomics analysis of sarcosine insoluble outer membrane
proteins from clarithromycin resistant and sensitive strains
of Helicobacter pylori[J]. Journal of Microbiology, 2013,
51(5): 612-618.

Jorgensen MA, Manos J, Mendz GL, et al. The mode of
action of metronidazole in Helicobacter pylori: futile
cycling or reduction?[J]. Journal of Antimicrobial
Chemotherapy, 1998, 41(1): 67-75.

Smith MA, Edwards DI. Oxygen scavenging, NADH
oxidase and metronidazole resistance in Helicobacter
pylori[J]. Journal of Antimicrobial Chemotherapy, 1997,
39(3): 347-353.
Olekhnovich  IN, Goodwin A, Hoffman  PS.
Characterization of the NAD(P)H oxidase and
metronidazole reductase activities of the rdxA
nitroreductase of Helicobacter pylori[J]. FEBS Journal,
2009, 276(12): 3354-3364.

Goodwin A, Kersulyte D, Sisson G, et al. Metronidazole
resistance in Helicobacter pylori is due to null mutations in
a gene (rdxA) that encodes an oxygen-insensitive NADPH
nitroreductase[J]. Molecular Microbiology, 1998, 28(2):
383-393.

Kim SY, Joo YM, Lee HS, et al. Genetic analysis of
Helicobacter pylori clinical isolates suggests resistance to
metronidazole can occur without the loss of functional
rdxA[J]. Journal of Antibiotics (Tokyo), 2009, 62(1): 43-50.
Solca NM, Bernasconi MV, Piffaretti JC. Mechanism of
metronidazole  resistance in  Helicobacter  pylori:
comparison of the rdxA gene sequences in 30 strains[J].
Antimicrobial Agents and Chemotherapy, 2000, 44(8):
2207-2210.

Bereswill S, Krainick C, Stahler F, et al. Analysis of the
rdxA gene in high-level metronidazole-resistant clinical
isolates confirms a limited use of rdxA mutations as a
marker for prediction of metronidazole resistance in
Helicobacter pylori[J]. FEMS Immunology and Medical
Microbiology, 2003, 36(3): 193-198.

Chisholm SA, Owen RJ. Mutations in Helicobacter pylori
rdxA gene sequences may not contribute to metronidazole
resistance[J]. Journal of Antimicrobial Chemotherapy,
2003, 51(4): 995-999.

Mehrabadi JF, Sirous M, Daryani NE, et al. Assessing the
role of the RND efflux pump in metronidazole resistance
of Helicobacter pylori by RT-PCR assay[J]. Journal of
Infection in Developing Countries, 2011, 5(2): 88-93.
Okamoto T, Yoshiyama H, Nakazawa T, et al. A change in
PBP1 is involved in amoxicillin resistance of clinical
isolates of Helicobacter pylori[J]. Journal of Antimicrobial
Chemotherapy, 2002, 50(6): 849-856.

Rimbara E, Noguchi N, Kawai T, et al. Mutations in
penicillin-binding proteins 1, 2 and 3 are responsible for
amoxicillin resistance in Helicobacter pylori[J]. Journal of
Antimicrobial Chemotherapy, 2008, 61(5): 995-998.



989

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(33]

(34]

[35]

Tseng YS, Wu DC, Chang CY, et al. Amoxicillin resistance
with beta-lactamase production in Helicobacter pylori[J].
European Journal of Clinical Investigation, 2009, 39(9):
807-812.

Gerrits MM, Godoy AP, Kuipers EJ, et al. Multiple
mutations in or adjacent to the conserved
penicillin-binding protein motifs of the penicillin-binding
protein 1A confer amoxicillin resistance to Helicobacter
pylori[J]. Helicobacter, 2006, 11(3): 181-187.

Matteo MJ, Granados G, Olmos M, et al. Helicobacter
pylori amoxicillin heteroresistance due to point mutations
in pbp-1A in isogenic isolates[J]. Journal of Antimicrobial
Chemotherapy, 2008, 61(3): 474-477.

Co EM, Schiller NL. Resistance mechanisms in an in
vitro-selected amoxicillin-resistant strain of Helicobacter
pylori[J]. Antimicrobial Agents and Chemotherapy, 2006,
50(12): 4174-4176.

Godoy AP, Reis FC, Ferraz LF, et al. Differentially
expressed genes in response to amoxicillin in Helicobacter
pylori analyzed by RNA arbitrarily primed PCR[J]. FEMS
Immunology and Medical Microbiology, 2007, 50(2):
226-230.

Tankovic J, Lascols C, Sculo Q, et al. Single and double
mutations in gyrA but not in gyrB are associated with low-
and high-level fluoroquinolone resistance in Helicobacter
pylori[J]. Antimicrobial Agents and Chemotherapy, 2003,
47(12): 3942-3944.

Cattoir V, Nectoux J, Lascols C, et al. Update on
fluoroquinolone resistance in Helicobacter pylori: new
mutations leading to resistance and first description of a
gyrA polymorphism associated with hypersusceptibility[J].
International Journal of Antimicrobial Agents, 2007, 29(4):
389-396.

Wang LH, Cheng H, Hu FL, et al. Distribution of gyrA
mutations in fluoroquinolone-resistant Helicobacter pylori
strains[J]. World Journal of Gastroenterology, 2010, 16(18):
2272-22717.

Chung JW, Lee GH, Jeong JY, et al. Resistance of
Helicobacter pylori strains to antibiotics in Korea with a
focus on fluoroquinolone resistance[J]. Journal of
Gastroenterology and Hepatology, 2012, 27(3): 493-497.
Garcia M, Raymond J, Garnier M, et al. Distribution of

spontaneous gyrA mutations in 97
fluoroquinolone-resistant Helicobacter pylori isolates
collected in France[J]. Antimicrobial Agents and

Chemotherapy, 2012, 56(1): 550-551.

Lee JW, Kim N, Nam RH, et al. Mutations of Helicobacter
pylori associated with fluoroquinolone resistance in
Korea[J]. Helicobacter, 2011, 16(4): 301-310.

Rimbara E, Noguchi N, Kawai T, et al. Fluoroquinolone
resistance in Helicobacter pylori: role of mutations at

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

position 87 and 91 of GyrA on the level of resistance and
identification of a resistance conferring mutation in
GyrB[J]. Helicobacter, 2012, 17(1): 36-42.

Gerrits MM, de Zoete MR, Arents NL, et al. 16S rRNA
mutation-mediated tetracycline resistance in Helicobacter
pylori[J]. Antimicrobial Agents and Chemotherapy, 2002,
46(9): 2996-3000.

Lawson AJ, Elviss NC, Owen RJ. Real-time PCR detection
and frequency of 16S rDNA mutations associated with
resistance and reduced susceptibility to tetracycline in
Helicobacter pylori from England and Wales[J]. Journal of
Antimicrobial Chemotherapy, 2005, 56(2): 282-286.

Wu JY, Kim JJ, Reddy R, et al. Tetracycline-resistant
clinical Helicobacter pylori isolates with and without
mutations in 16S rRNA-encoding genes[J]. Antimicrobial
Agents and Chemotherapy, 2005, 49(2): 578-583.

Gerrits MM, Berning M, Van Vliet AH, et al. Effects of
16S rRNA gene mutations on tetracycline resistance in
Helicobacter pylori[J]. Antimicrobial Agents and
Chemotherapy, 2003, 47(9): 2984-2986.

Nonaka L, Connell SR, Taylor DE. 16S rRNA mutations
that confer tetracycline resistance in Helicobacter pylori
decrease drug binding in Escherichia coli ribosomes[J].
Journal of Bacteriology, 2005, 187(11): 3708-3712.
Anoushiravani M, Falsafi T, Niknam V. Proton motive
force-dependent efflux of tetracycline in clinical isolates of
Helicobacter pylori[J]. Journal of Medical Microbiology,
2009, 58(Pt10): 1309-1313.

Suzuki RB, Almeida CM, Speranca MA. Absence of
Helicobacter pylori high tetracycline resistant 16S rDNA
AGA926-928TTC genotype in gastric biopsy specimens
from dyspeptic patients of a city in the interior of Sao
Paulo, Brazil[J]. BMC Gastroenterology, 2012, 12: 49.
Heep M, Beck D, Bayerdorffer E, et al. Rifampin and
rifabutin resistance mechanism in Helicobacter pylori[J].
Antimicrobial Agents and Chemotherapy, 1999, 43(6):
1497-1499.

Heep M, Odenbreit S, Beck D, et al. Mutations at four
distinct regions of the rpoB gene can reduce the
susceptibility of Helicobacter pylori to rifamycins[J].
Antimicrobial Agents and Chemotherapy, 2000, 44(6):
1713-1715.

Glocker E, Bogdan C, Kist M. Characterization of
rifampicin-resistant clinical Helicobacter pylori isolates
from Germany[J]. Journal of Antimicrobial Chemotherapy,
2007, 59(5): 874-879.

Heep M, Lehn N, Brandstatter B, et al. Detection of
rifabutin resistance and association of rpoB mutations with
resistance to four rifamycin derivatives in Helicobacter
pylori[J]. European Journal of Clinical Microbiology &
Infectious Diseases, 2002, 21(2): 143-145.

http://journals.im.ac.cn/wswxtbcn



