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Multidrug resistance of Helicobacter pylori and its impact on the
diagnosis and treatment of gastrointestinal diseases and
countermeasures
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Abstract: Helicobacter pylori is a bacterium that can cause chronic gastritis, peptic ulcers, and
other gastrointestinal diseases. The World Health Organization has classified H. pylori as a
group I carcinogen. Antibiotics are the primary clinical approach for eradicating H. pylori.
However, incomplete eradication of H. pylori by antibiotics can lead to persistent infection,
which is a major risk factor for the high incidence of gastric cancer. The widespread use of
antibiotics has led to the emergence of multidrug resistance in H. pylori, contributing to
treatment failures of chronic gastric diseases and increasing the risk of spreading resistant
strains. Multidrug-resistant H. pylori has become a serious challenge in the diagnosis and
treatment of gastrointestinal diseases. This paper reviews the global trends in the development
of multidrug resistance in H. pylori, the underlying mechanisms, the challenges it poses to
clinical diagnosis, and its impact on drug development, drawing on relevant literature and the
research findings from our group. It proposes using cgt expression as a novel method for
determining viable bacteria, identifying intracellularization as a new form of resistance in
H. pylori, and exploring the potential of O-glycans as a therapeutic approach against H. pylori
to address multidrug resistance. It provides new insights into understanding the mechanisms of
H. pylori multidrug resistance and its prevention strategies, offering promising directions for
future clinical treatments and antimicrobial drug development.

Keywords: Helicobacter pylori; multidrug resistance; intracellularization; new strategies for
prevention and treatment
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b B (levofloxacin, LEV)JR &L 25K K 11%
A, Hgy B A B T A 4 21 (World  Health
Organization, WHO)HiLIX X} CLA. MET #l LEV
4 S R A e VT 25 28 1> 15% , 43K LN
H. pylori FTi 24P B 35 2] 4 A HHIE R KA
BRI 25 RGBSR 1 PR,

1 WITEFEZERSGET4
A

H. pylori Z &\t AFG R LR A,
WP R . IGITARNE . WA AR BRIG T
FRMCEE X2k A 18 BRI E K 24 SHO )
TR BT AR 2R 25 PR B VA E 2 T 4 X ORI

http://journals.im.ac.cn/cjben
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FE TR AR AT B 2% (491 2 e 1B B TR 47 1 BlOK P
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{14 ABC.MFS . MATE . SMR #ll RND %P,
FillJe RND Kkt EATEAMER h L E
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AMX 1Y Z (tetracycline, TET)", HAAS
¥i, B> RND ZBAEH LA 3 N AE >
Jii b HE & F (inner membrane efflux protein,
IEP), J& )it #hHEE 1 (periplasmic efflux protein,
PEP), % 4hHE & H (outer membrane efflux
protein, OEP)**, OEP 4w i3 [K hef A B jiE 55 2
M RND G AN N RER OCHEIE A . hef A
LR ) e e AN R AR bi A R AME,
T2 MDR 1Y H. pylori B#k™ 4 .
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Table 1 Summary of multidrug resistance rates of Helicobacter pylori in various countries

Location Antibiotic combination Resistance rate (%) Reference
Beijing, China MTZ+CLR 20.0 [14]
LEV+CLR 2.5
MTZ+CLR+LEV 325
MTZ+CLR+AMX+LEV 5.0
MTZ+AMX+CLR 1.7
Jiangsu, China LEV+CLR 14.0 [15]
LEV+AMX 1.0
LEV+AMX+CLR 1.0
Guangxi, China MTZ+CLR 25.0 [16]
AMX+CLR 10.0
MTZ+TET 16.0
Qingdao, China CLR+LEV 10.4 [17]
CLR+MTZ 7.5
CLR+LEV+MTZ 9.0
The Republic of Korea CLR+MTZ 6.1 [18]
CLR+FQN 8.2
MTZ+FQN 8.2
CLR+AMX+FQN 8.2
Mongolia CHP+ERY 5.9 [19]
MTZ+AMX 7.2
MTZ+ERY 4.6
Malaysia CLR+MTZ 56.5 [20]
Vietnam CLR+MTZ+LEV 31.6 [21]
Thailand CLR+MTZ 12.9 [22]
Iran MTZ+OFX 4.6 [23]
MTZ+OFX+CIP+LEV 6.4
MTZ+OFX+TET+CIP+LEV 5.0
Turkey CLR+MTZ+LEV 18.1 [21]
Bulgaria CLR+MTZ+AMX 7.1 [21]
Portugal CLR+MTZ 20.0 [24]
France CLR+MTZ+CIP 4.8 [21]
Spain CLR+MTZ+LEV 2.4 [21]
Italy CLR+MTZ 21.9 [25]
CLR+LEV 9.4
MTZ+LEV 13.4
Germany CLR+LEV 2.6 [26]
Israel MTZ+CLR 28.6 [27]
Argentina CLR+MTZ+LEV 7.7 [21]
Chile CLR+MTZ 18.0 [28]
CLR+LEV+MTZ 12.5

MTZ: Hfims; CLR: whisE; LEV: ZRRYAE; AMX: FIZFEAK; TET: PUHZE; GEN: JKK#EHZK; FZD: Bk
MEER ; ERY: 218 % ; CST: HiA#E; CHP: AEE; CIP: NHWA; OFX: AWM E; FON: FMHENZ,

MTZ: Metronidazole; CLR: Clarithromycin; LEV: Levofloxacin; AMX: Amoxicillin; TET: Tetracycline; GEN: Gentamicin;
FZD: Furazolidone; ERY: Erythromycin; CST: Colistin; CHP: Chloramphenicol; CIP: Ciprofloxacin; OFX: Ofloxacin; FQN:

Fluoroquinolones.
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CGT: M [ B -o- 75 25 ML 5L FL 1 .

Mechanisms of multidrug resistance in Helicobacter pylori. CGT: Cholesterol-a-glucosyltransferase.
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Table 2 Gene mutations associated with drug resistance in Helicobacter pylori

Antibiotic type Gene Resistance mutations Mechanism Reference
B-lactams pbp-1A S402G, E406A, S417T, S414R, T555S,  Interferes with cell wall synthesis  [33-35]
(eg, amoxicillin) N561Y
pbp2 V312M, V313A, G353R
pbp3 F233L
pbp4 Y266H, Y267H
hofH G22W Increasing the efflux efficiency of [36]
efflux pumps
hefA -
hefC DI131E, L378F
hopC R302H It causes changes in
membrane permeability
Macrolides 23STRNA A2142C/G, A2143G Alteration affinity for the peptidyl [37-38]
(eg, clarithromycin) transferase ring
rpl22 226-228delGTG, Synergistic effect with 23S rRNA  [39]
T265-T266insTTCCATGIA V region mutations
infB G160A
Nitrofurans porD G353A, A356G, C357T, C347T, C347G, Mutations cause amino acid [40]
(eg, furazolidone) C346A changes
oorD A041G, A122G, C349A/G, A78G, A112G,
A335G, C156T, C165T
Fluoroquinolones  gyrA D192N, A199V/I, D86N, N87A/K/I/'Y/T, Affect the binding of DNA [41]
(eg, levofloxacin) A88N/P/V, H57Y, S63P, V651, V77A, helicase to quinolone antibiotics
S83A, A129T, R130K, D155N,
D91G/N/A/H/Y, A92T, D99V, R103H,
DI161N, V1721, P188S
oyrB D435N, D481E, R484K, V437L, S429T, — [37-38]
E463K, F438S, R579C
Nitroimidazoles rdxA R16H/C, M21A - [42]

(eg, metronidazole)
frxA K20, Q164, K17, R13, A15, G165, R206 Reduces the ability of [42]
metronidazole to revert to its
active form

frxB -
Tetracyclines 16SrRNA ¢.965-967delAGAInsTTC Mutations within the TET binding [43-45]
(eg, tetracycline) site
Rifamycins rpoB V149F, Q524P, D530(V/E/N), V5381, This gene encodes the § subunit of

H540(N/Y), L525P, Q527(K/R), S545L,
A603T, I586(N/L)

RPBRRIF AR (PN FE P8GR ) A IR MR 28 (191 0 ok s e ) . D PR 3R R (1 I IO B 3R ) 2 A% IR R B LASL , HAR Y
HHEMIE.

In the table, except for macrolides (such as clarithromycin), nitrofurans (such as furazolidone), and tetracyclines (such as
tetracycline), which are nucleotide mutations, the rest are amino acid mutations.

FERR [ RERE AL T R 2 R ) RE, AP #F H. pylori ZE1E EA RN ERE TGP0 WESEE
RGP . AR RARIBEIE A . (b fae ot 2 A0 R 15 DA R 3R A S T UL 4 i A
DI SCRE CagA Fil VacA FEERIHTH SR AM, H. pylori B9 CGT AJ TH kA
HEEPY, CGT MBS SEITHiTE FAM AR, M2 B, I ELE F g A X i pa 4k LS Bl

(eg, rifabutin) RNA polymerase

Z&: 010-64807509 . cjb@im.ac.cn



1246 ISSN 1000-3061 CN 11-1998/Q A:# T #2~44k Chin J Biotech

MR, A TTIE H. pylori RN 771505,
2 WIEMFEZEWSEXE
IR W B 3k I

2.1 EEAREE TGN 24

PARR 3% 75 BRI 2 RS2 H. pylori i 25 A
W& AR e, S48 FEUIE 6 B 1 (agar dilution
method, ADM)z¥, Epsilometer i (E-test)&5 I
5 SRR, B R E AR IR 72 h J5 RIEGR
P E ) B H. pylori A T M) BT
R AR FERT . Bifa i Bk A MERR I &7, B
g X 2 Fhbi Az R EA T BB R I OY E-test #R4E
fATER . FERTALAT , R IR E A — R Ay
PP BRI, 3X 2 BRI AR R R, H.
pylori 14155 5% PR X S S50k I 285 SR v 1 AN
o 3 AR i = AR EAL , I HRI L FE AR DT
2.2 PCR %M EF 24

H. pylori B 2414 32 2L th AH 56 3k R /N X35,
HYRE S R A S 3, B AR LRI 43 F24E 9
SFOTIEREIN H. pylori g i 2454 (1) 4 g F 8] 28
A5, DTS TR PR B A F U . H A
FRA 5 # PCR \SZH ¢ ) PCR (real time PCR,
RT-PCR) . %47 PCR (droplet digital PCR, ddPCR).
SEIF G E 1 5 A i S (quantitative  real-time
PCR, qRT-PCR)%5 . PCR ;AR AT B 422460 L [K]
B LSS, DT S50 240 T R AR5 2 0 26 2R AR TS 245
PEBS ARG T ST A T ISFF A ot SEA
FIRmMETEEN L, Ak 10 CFU/mL 1Y
H. pylori, %My H A 804n /1 kel J5 31, A
e AR 3% 1 1) ARt 247 000 7 AL 1y ko0,
2.3 ESREILE M 46 i 25

DNA I 45 AR RE 6 [v] Bf 3 B 14 [T R A TR
XF CLA I LEV FTR 2402 b — R
+ R (next-generation sequencing, NGS)+5 PCR
AREY R 25 A MAH L, 28 T hRAC i . %
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AR AR BRG], /B2 [R5 £o| A4
DNA =% RNA JFFIHEA Tl o4 AL,
NGS Fr 0 5 1% 4 e 6% $ A1 5T 4 A7 %) 241 1] ik [ 78
M, s B PR AL, A IR R 53 25
BRI R 2 B0 7R s 2 L i 24 L £ 7k g 1657661
SR, B AL NG PR 7588 THIG 175 2 PR AR,
1145 1 A ¢ TR0 5 5 PR R — 0k A 6 E AN 2 L A
AT TR DA B AR B A el 3000 25 SR fie 152 1)
PR AR A FR RS, = H. pylori i 253 K 5%
A5 i 247 356 DR PR AR A 4G 2 7 vk 2 B I
PRIAYT B F2 B

3 H. pylori ZEMHENLGH
B & Pk

Kuo Z&7VE B, H. pylori 15 i 24 g 154
T =IO RN VLI 7 V7 350 S5 RGBT R
MIBESF A, T H. pylori By A%, A
WHTAE RNz, FIERYUAE R 25 Bk i 1
hn, AT IREEF AR H. pylori BB ZY
Yy, EXF H. pylori ZE N2y A8, MR ETIE
TERNRARR Z R0 25 A Sl , LA RT AR 3= T
PER IR PR . lhn . $E cgt JEIAY RNA
THHA . 10 CGT BHEPEH I BTARZSY) |
AERRIR . Hgh . NV EPI(0-AH A .

RNA F#L(RNA interference, RNAi)$i AR 1]
B U3 B mRNA AP, 3 1 BELWT 41 B
A KA . BN, 5 ureB-sRNA i g iF
B SR 2L L SR R KA T THEFT B ureAB JEK Y
Rk, WUDIREER G R, HE RS R R
FEANTA] pH P45 T AR, Reza WIS
XKW siRNA FH ik AdifiIf 5 RNA #5 S0
R 2 4 1K (RNA-induced silencing complex,
RISC)45 4, RISC 234 siRNA 5|59 [ 4k
(guide strand)5 H#r mRNA 454; KA, RISC
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P Ago2 (argonaute 2)%E 2P| H AR mRNA
FECH AR, JEMBH 1L CagA Fl VacA BY%E i
ik, BHIEANR R ECRE- o A, AT LI &
RS CGT B & b TR 25, X Fp
Pk RE R RN IF 454G H. pylori ) CGT
ity , 0 LR AR TR, A R B R AT
R AR AR Can g AE DRI E R, AnFLERAT
ARV AT B RE 0838 1 52 S+ PE ] H. pylori O%h
B, A BT P B B RS, AT A B
TR A P AR R I AR, T2 TE
PURA | IEAT BB T R B T B RS T
Yoon ZFVOMHSE R, A HEHEEY) 0 K EEA
WiRefe /> H. pylori B, s B WmiER
RAEFNE, Li Z7 AR T ok — 10l % J 1) 40108

/NG FAA P an O-ZR B RE % BH W H: 5 75 3=

YN 2 G, T R Y & AR A R

X SR A BRI R AT A T AP R Y
MR PR, B AL — T 8 R A B 1R 9T B AR .

Kawakubo 88 IJF5Y & B, %2 15 266 B 4310 1) )
BT ol 4-EHER N- 19 % B (al,4-GleNAc)
Huih O-RMiRe g Hl CGT Wik, nIEE
R H. pylori 7EIRJZ B 26 BR A A9 B2 A
%, H. pylori FEGL STt 25805 cgt FPRAC,
AR T 2023 42 O-FMHIZHE 7] T3 B F1
1RJT H. pylori 5 AR R 25402, {HH B
PRSI P L &M 1 4 L FAIL ) ok 75 AF T

AR cgt BEH Y RNA THLIT & B 0 R R
25 [ X CGT RS 24 o0 B ST 2454
0SB0 ) 7 VA BB SR o 2% TR, Y AT
BT BB 25 W A B4 7 1) A 2 s
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Figure 2 Direction of research and development of new drugs for Helicobacter pylori.
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4 REH5RE

H. pylori JERYLTEERIEHE N &K 51 H
B NRE) iz, W eARE =37 (PPL. CLA
Ml AMX/MET) iR B R & TR 80% LA
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SR B AT O ISR T 2 TR AR A 1 IR 14
() — K IR PR o X — R ILAR BRI AR 2 W
Dyt | S WR R E | 2 R AR A
BrEhit & S SR | RS HERR R T 2T &
DA R A R i S L. BeAh, Ah
2x%F 2 it 245 H. pylori BIAEILL R i 2545 P A
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AR SCHE T A BRifi 2 AH DG SCERFIE S B, R4l
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B B XTI PRA2 W A2 A & Pk, [ A 4
H TR PR SN . DFIE N DL Y
BlEAE R, BG4 A MBS 27 f
IILZIER R R —AE . R, S5, A
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20, RGAL LR YT DG TR 2 ] (8Sm
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R GA AR IR ST WS 0 N ST, A 80 X
H. pylori ZE M 25 PE 5 R A A 3L AR Bk R

1B & STk = ¥

R DRV WIRE R B
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