BRTIR R~ 2024 4F55 51 4855 78] Modern Preventive Medicine, 2024, Vol. 51, NO. 7 - 1331 -

Il AR5 U5 -

AR BRIEY 7 I WU 1 U Bl i 24
YNEWAE-SSE

FTBLZIm i £ 45 2 WA ATH LTS AR WA R LRy Rk L BHE
LU RAEAE PN FE T A 2 e / AR P AR DU R Be , U1 AR 610041
2. JACHS T U XA T 47 o 3. PR 240G — BRI RS (BRI S B AR5 s, U1 AR 610041

WEBE WO R MURE WA VBRI (Helicobater pylori, Hp ) fRTIF 245510 | 245 5L DR AN 1 3L D], W AMEGEYY
RS HRYE . Fix REMBRIGITRMURH B 24 2000 8 55 % Hp, 25 050 50 K00 2 25 181 #k X 77 i s
(metronidazole, MTZ) . Te i 55 % ( clarithromycin, CLA ) JER B A (levofloxacin, LEV) P2 PG Ak (amoxicillin, AMX) | PUFR
Z (tetracycline, TET) FIE P (furazolidone, FZ) I Z51# 50 , PCR 474 CLA \LEV Tif 255K 23S rRNA \gyrA N3 J) 4
cagA wacA iceA oipA, P LERFTMILG R G245 Rwg JIBEH MG R, &R M 58 Bl H 4Bl 40 # Hp
(69.0%) , JXf MTZ .CLA \LEV . AMX . TET .FZ f7if 5285351 5 100.0% .82.5% .72.5% .0% .0% 0% 23S rRNA .gyrA %k
[R5 DL IR 2 A8 1540531k T2182C.(78.6% ) Al NSTK(32.0% ), 345 CLA THF MR P A FL T C2165T Fl A2219G %75 .
AN, X BE PR EE JI LA cagA wacA s1 . wacA s2 wacA ml wacA m2.iceAl iceA2 oip A FFAYEZRAT 54 97.1% .100.0%
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SRR : T 1T 11 5 AR BRIAY T S e o AR R 24Pk 5 W 2 D 3 e I

hESEE . R573  CEEREE:A XEHS1003-8507(2024)07-1331-07

DOI: 10.20043/j.cnki.MPM.202401036

Study on drug resistance and virulence genes of Helicobacter pylori in

patients with failed eradication therapy
HE Qi-yun-na’, PAN Mei-ling, TIAN Hai-ying, HE Lei, LUO Shu-han, ZHENG Tian-li, CHEN Jia-yi, PEI Xiao—fang,
XU Xin, LIAO Juan
"West China School of Public Health, Sichuan University/West China Fourth Hospital, Sichuan University, Chengdu, Sichuan
610041, China

Abstract: Objective To study the drug resistance phenotype, drug resistance gene, and virulence gene of Helicobacter pylori
(Hp) in patients with failed eradication therapy, and to provide reference for remedial therapy. Methods Hp was isolated and
cultured from gastric mucosa of patients with failed eradication therapy. Drug sensitivity test was used to detect the resistance
of isolated strains to Metronidazole (MTZ), Clarithromycin (CLA), Levofloxacin (LEV), Amoxicillin (AMX), Tetracycline (TET),
and Furazolidone (FZ). CLA and LEV resistance genes 23S rRNA, gyrA and virulence genes cagA, vacA, iceA, oipA were
amplified by PCR, to further explore the relationship between drug resistance phenotype and drug resistance and virulence
genes. Results In total 40 strains of Hp were isolated from 58 patients (69.0%). The resistance rates to MTZ, CLA, LEV,
AMX, TET, and FZ were 100.0%, 82.5%, 72.5%, 0%, 0%, and 0%, respectively. The most common mutations of 23S rRNA
and gyrA genes were T2182C (78.6%) and N87K (32.0%), respectively, and new C2165T and A2219G mutations were found
in CLA resistant strains. In addition, the positive rates of virulence genes cagA, vacA sl, vacA s2, vacA ml, vacA m2, iceAl,
iceA2, and oipA were 97.1%, 100.0%, 0%, 42.9%, 57.1%, 62.9%, 11.4%, and 68.6%, respectively, and the difference was
statistically significant. Conclusion The resistance of Hp isolates to MTZ, CLA and LEV in patients with failed eradication
therapy in this area is serious, and AMX, TET and FZ are recommended for remedial therapy. The relationship between CLA
resistance and C2165T and A2219G mutation and LEV resistance and vacA m2 warrants further investigation.
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4 [ I AT 58 (Helicobater pylori, Hp )£ 1 g 4 ]
RES I &S B 28 MM 55 90 | JT RN
Jef RN AR SR EL 2402 (mucosa—associated lymphoid
tissue, MALT)J#kELET , 2 BRIBYR 514 509%™, 1994
4, Hp B PR e F S UAIAE hy 1 2R B0, 423K
AT 90% L v 15 Ji e th Hp LSRR, By ik H
JERER AR R, Hp SR I HESZARBR IR 7.
AT T SR EFEARIE =I5 2% LB R OB 7 1B
FPEFIT BOTFREAED, SR, i THUE R 2],
Hp W 25 MW T, S ERERFEAE T RS it
TRRRBRIG YT O R E 1Y Hp T 245 P B AR SR, X
#NROARYT HAT B S, Hp M 21 5 s sk & 4
DrPRIZA SR, TR, 1 ik AT b DXCRR B 36 97 2 AR
& Hp 73 BRI 25 R XA ROR T7 25 W i e B R
A H B S T H AR L X AR BRYAY T R Hp (19
i 24P 15 S 24 B PR R A T A B AT 3 —
ST . WAL, A RFFEARE T KA HLIX Hp B 04 T
251 vacA Fl iceA FEPRVBEUIAR G, T AR b X AR
BRIG YT R WUE # Hp 23 B bR R 25 14 5 5 ) B A Y
WFFERIAGE o R, ASBIFTE R AR AR T 5 = P B2 e
HRBR R 1Y B R AH 23R4T Hp 170 B B 5 L 4G
DN LT 24Pk (i 25 A DG HE PR (23S vRNA \gyrA ) 1B F)
FEH (vacA .cagA iceA Fl oipA), BFE T AR BRIGIT
WA Hp (T 245155 00 , AR TR 24 9 1Y 51t 24 2 K]
Lewg SRR B AR 5 3% L ARBR 2R W 5 bRy 7 s
RIEPERR RE DRI TTRL

1 X&5F%

1.1 ATt LUSER TS = BE B ais i) — el
ZUHRBRIAYT I, ELIR) AT B A A F0 5 RS Ao
R TG o AN ABRIE : (1) 4323 Hp ARER
BT (2IRIF ) 13C IR PRI L R Y. HE
Brbmife: (D2 1A H WS bAoA
i‘l](proton pump inhibitors, PPIs VRIER R 2585 (2) A
J™ B I D AR K" HC A  (3) BRTEAT H
TAREA BB L . AR A EFAE P2 5
S, BT A DN R ITES ST STRT A E N A&
+e
1.2 BELXA  BHE (HA olympus A7) ); =
S RGFRH (iBright 1500 #E 18 AL 151X (3% [E Thermo
Fisher 24 ) ); + 143 Z—HL ¥ KV (FEZ R BH#4Y
A BRNT]) 3 ProFlex™ PCR Y (ZE[E ABI 4] )
FHAE LW B G . Mueller—Hinton (MH) B35 | ik O
12 W (Brain Heart Infusion, BHT) [A 17 . Sk Bl 56 32,
A (35 By m R R i AR M BORA BRA 7] 5

3%t FAL EIREAR (R E DR A BR A
A )5 M2 e (AU RS R A BR A A ) 5 B g e
(metronidazole,MTZ). % $i & & (clarithromyein,
CLA). ZR MU E (levofloxacin, LEV ). Bi] 5L Pt bk
(amoxicillin, AMX) P4 3 2 ( tetracycline, TET ) 25 R
AR RN R AR A BRA ) s LA 25 258k
Jr BN GAE i A R R ) 5 IR Bt 3017510 (= B
MW EAE YR A IR A A )  TCTR 2T 4E 43 3 1l G
TR TARAT R s AR FE R 4] DNA 2B
& .Golden Easy PCR System ( KAR A AL B4 (Jb 70 ) A
R F]D AR,
1.3 Hp 4 &A% KeREINMRERIAYT MR
T E SR G IRRE AR S SEEE  BL A0 e T
PEREVERHE L P4, T 37°C,5%0,.10%CO,.
85%N, MFRE HIESE 3 ~ 5 d. EHCEAR FRIE KA
O a B I BRI T S ST /N VR HEAT
Hsyeln WS B FIEAS , TR AL EE
I A AT . ARl TR AT P R ) S 5
PR CHl [T AT TR JRR G B L AH SE 89 12 7R ),
H. pylori 5y B 5372 FHMEMIBRAE R « F55 MR H. pylori
PRTERRAE , AR T OULER 3  >2 F M2 AT 1, 2 4
S ARG DRI R BHYE o B Hp TRIARTR &
T8 30% Hili BHI 7S, T -80°CIUKHI AT %
o
1.4 SHHEE 3 VR RS BE A0SR L (E-test
) MACR P BRI T 258050 . FH AR PRER K il %5 Hp
PRV, KA AT MH PR RS
AMX MTZ .LEV .CLA FI TET fi 48 54 Fith 19—
4G A MH IS4, 5 19k e 1 B (furazolidone, FZ) [
A R T MH AR, DA (AR R A R Hp #
HERRR ATCC 43504 1Tt fedaibil

Hi 3 45 S BRI PT R 25 B0 36 25 B 45 (EU-
CAST) T4t 11 24 B0 5 9 45 A 158 BH A 2 54t il
¥ R A UEEE  Hp X} AMX .CLR \MTZ.LEV FI TET ifi
2008 SON S/ MR TR BE 53 991 >0.125 . >0.5 . >8 . >1
FI>1 mg/Lo FZ 25840 PR H42 < 14 mm B, H)
FE A2 .
1.5 29 DNA 4280 M —80°CUKFEHUH VR A7 R bk
BINERIEA TGE B V& T IO A BiER K
Z RN L 2 DNA SR HGRF] S B 52 DNA
16 ®HAEHNLRAY 3 CLA i} 25 3L [H 23S
rRNA \LEV Tt 25 3£ 4 gyrA F1EE 124 cagA wacA
iceA oipA MFEFHES W)P5 WLZ 1. PCR 944 5%+
Z WS R
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Table 1 Hp drug resistance and virulence gene primer information

FEN AR FIFH(5—37) PCR = R/NMbp) B KIREE(C) ESPUN
23S rRNA F: CCACAGCGATGTGGTCTCAG 425 55 (4

R: CTCCATAAGAGCCAAAGCCC
orA F: TTTRGCTTATTCMATGAGCGT 428 55

R: GCAGACGGCTTGGTARAATA
cagA F: GATAACAGGCAAGCTTTTGAGG 349 54

R: CTGCAAAAGATTGTTTGGCAGA

vacA m1/m2 F: CAATCTGTCCAATCAAGCGA 570(ml) 55

R: GCGTCTAAATAATTCCAAGG 645(m2)
vacA s1/s2 F: ATGGAAATACAACAAACACAC 176(s1) 57 1l

R: CCTGAGACCGTTCCTACAGC 203(s2)
iceAl F: GTGTTTTTAACCAAAGTATC 247 50 1

R: CTATAGCCAATTCTTTGCA

iceA2 F: GTTGGGTATATCACAATTTAT 334/229 50

R: TTTCCCTATTTTTTAGTAGGT
oipA F: CGCCGGAAAGGAACGGGTTTT 519 54

R: TTAGCGTCTAGCGTTCTGCC

1.7 @R FEA KRN FFrd PCR VP4
LUK S S ik A T AR TR (T ) A A BIR 2 )0
J¥ o LA NCBI 728040 5 280119 Hp 26695 & #& 1Y
23S rRNA Fil gyrA J&HF 50 R B X IR . 23S rRNA
FEIH 5 R EAT LU, gyrA FEIH R 28 MEGA 11
A B R T A 5 AT LR . B O B
45T NCBI 7RI M3t #6417 BLAST HOXF43#T
1.8 it F oM R SPSS 26.0 FAFwh# g dE 47
Gt iT o THECFERER R (%) HEA TR, 2] L
BERH 2 K30 sy Fisher S UIMEASHEA T HUER , K56 7K
a=0.05,

21 MR FAEAGE AOFEILGA 58§ Hp
Mg 2 W sk, Horb BB 27 10, 1 46.6% , &1 31
B, 15 53.4%; FRIEREIN 19 ~69 5, TR K
(49.1+11.9)%

22 Hp Atk B WY E 5% 1 40 B
Hp, 73 B0 69.0%. HEEE ARy 0 RS A
EAEREAR IR B G S 3 A e S s L
R BE U G LA T3 28, AR 1
Hp B 0L W3 2, A7 FIEAE AR 19 B3 B 3R Al
21 Hp 195 85 500 1 & T oIk B (P=4.214,
P<0.05),

2 &% B
Fz2 ANESTIEEED Hp 7B R
Table 2 Comparison of Hp isolation rates in patients of different classifications
1 Laxil B SYEHREL(RR) SIERE(%) P P
PES % 27 17 63.0 0.850 0.404
L 31 23 742
(S <45 21 16 76.2 0.803 0.398
=45 37 24 64.9
NS SEIR H 45 36 80.0 4214 0.040
Jc 13 46.2
W2 A s f 7 100.0 - 0.087
Jc 51 33 64.7
I H 9 8 88.9 1.027 0.311
Jc 49 32 65.3
THACIE R R H 8 5 62.5 0.000 0.989
G 50 35 70.0
FREN BT Hp B H 16 12 75.0 0.087 0.768
Jc 42 28 66.7

1 .= MR Fisher B VLR IEAT LA
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2.3 Hp » B4 00 40 Bk Hp /0B AR MTZ
CLA .LEV AMX.TET .FZ # 1iif 25 3% 43 5] & 100.0%
(40/40) .82.5% (33/40) .72.5% (29/40) .0% 0% 0% ,
ZHIN A EH LR 3.

F 3 Hp WAL R KL B 2545
Table 3 The dual and multiple resistance of Hp to six types of

antibiotics
2525 WiER Oy ESTH 2 BEREE (BR ) B HL (%)
P 24 MTZ 5 125
W T2 MTZ+CLA 6 15.0
MTZ+LEV 2 5.0
=2 MTZ+CLA+LEV 27 67.5

2.4 Hp #t2h 5 & FRRE T R MORI K R4
AN IR R YR B AL 1) £ Hp 43 B bR B TRt 2515 00, A
[ MR B3 B 2E 1] CLA A LEV 9T 245 2% B 4512
B X (£=9.190, P<0.05; #=6.278, P<<0.05) , Fiti 5 H 5
BT OB AN, Hp % CLA H1 LEV i 245 ZR W,
W3R 4.

&4 ARFRERUCE Hp M 2515 00 150 % )]
Table 4 Hp resistance status based on different eradication

attempts (number of cases, %)

) Ex

MTZ CLA LEV
1 13(100.0) 7(53.8) 6(46.2)
2 16(100.0) 15(93.8) 13(81.3)
=3 11(100.0) 11(100.0) 10(90.9)
7 — 9.190 6.278
P — 0.004 0.048

TE :— AR RARBR B B X MTZ i 2553 100%, JoikiE T
[ER5

25 CLA 5 LEV @it 2B R E o4 FHLEIN
B35 BRRAEE R, o CLA \LEV T 254351k 28 #
H125 Bk, Hp BHRAY 23S rRNA JE K F41 X 45 51
7N, CLA SRUBR AR AR A 28748 it 2 TR AR v R 1 Bk
KM 23S tRNA V X EARSN, Ho4y 27 BRI & 23S
rRNA V XG5 UL S AR 45 R T2182C, Hik
JE A2143G, =BGy 4 R 78.6% (22/28) .75.0%
(21/28), W3 5.

Hp WHEHY gyrA EIEMR 75 EE X 45 R 7R LEV
TPURRRIRR R B AR AR, Tt 2k B 7 MR kA AR
Ah, HA 18 MR kA T 98748 . Horpr  N8TK A8 fy
15, AR A 32.0%(8/25), W 6,

2.6 FHAEESH  Hp BB SIFEFBR vacA 2 KK
H Ak ,eagA wacA sl wacA ml wacA m2.iceAl iceA2
FloipA A K o cagA MR A 97.1%(34/35).
vacA FER 7 s Fll m X, ITA R s X HI 0 s1 7

(100.0% ) ;m XA m1 FYBH MR 42.9%(15/35) .m2
A BHPE # 57.1% (20/35) . iceA FH 1R K 74.3%
(26/35) , I NEEAT B ice AT T jce A2 T BHME R
G3R 62.9%(22/35) (11.4%(4/35) . oipA FEK BHPE
FH 68.6%(24/35) . Hp B J15EH vacA Lice A Fl oip A
TE CLA F1 LEV Tiif 24 RS MR 2 18] /) 431 22 55 0L 36
7, Hof LEV it 25 R vac A m2 FE R PHM: R 5
(P<0.05).

£ 5 Hp CLA Mif253L£ [ 23S tRNA A REAHT (n=28)
Table 5 Clarithromycin resistant gene 23S rRNA mutation

characteristic analysis of Hp (n=28)

23 A ZRAFL A, TARBIEL (k) 28452%(%)
23S tRNA T2182C 4 143
A2143G 5 17.9
A2143G+T2182C 12 429
T2182C+A2223G 2 7.1
A2143G+T2182C+C2195T 2 7.1
A2143G+T2182C+A2223G 1 36

A2143G+C2165T+T2182C+

A2219G ! 36
— 1 3.6

R 6 Hp LEV M 25IEI gyrA BRI 0T (n=25)
Table 6 Levofloxacin resistance genes gyrA amino acid

mutational characteristics analysis of Hp (n=25)

i 245 5 ] AL AT RRR DI () R (%)
grA N87K 7 28.0
N87I 4 16.0
D91G 2 8.0
DO1Y 2 8.0
A88V 1 4.0
N87L+D91Y 1 4.0
N87K+A97V 1 4.0
— 7 28.0

T AR
3 i #

ARBIFFE T VR 0 b X = F PR e AR Bk i3 7 AR
W B E Y Hp PEF 743 BERE 352 Bt 25 R A 9T, R4 25
BT T 25 S5 IR SR . FRATI 58 il
FH PR AT B AT T 40 ¥k Hp, KB Hp 43 B kXt
MTZ .CLA LEV i 25 1500 ™ %, I HAE CLA it 2y
HRETP R LT C2165T 1 A2219G W48 28 28 57 4,
AR, I B OWEE R LEV i 24 Bk 2 S 3L vacA
m2 FHPE R &

PrAE ZR i 25 252 Hp MR ERVAYT I7 2297 30 &
R ZFE, 2BERRZHMIX ) Hp X MTZ .CLA \LEV
TR 2 R B 5 159, Hp B4k & il 25 2 S 50 25
PO — A EE R, R PUERIRIT G, A
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R 7 CLA.LEV TH25PE S vacA Lice A Fl oip A FEPR 22 [A]IY 56 £

Table 7 Relationship between clarithromycin and levofloxacin resistance and the vacA, ice A, oip A gene

Bk vacA  wvacA vacA  vacA oAl feoAl oAD" i A2 A oA
LA L. ice *iceAl” - iceA2" iceA2” N - Y op AT -
B wl' ml 2fH P w2 m2 2l PH 2l Pl R Y Y
(n=22) (n=13) (n=4) (n=31) (n=24) (n=11)
(n=15) (n=20) (n=20) (n=15)
iy 24
CLA (n=28) 12 16 - 0.660 18 10 - 0.101 18 10 - 0525 3 25 - 0.609 19 9 - 0.619
n=
Uk
3 4 2 5 4 3 1 6 5 2
(n=7)
(2]
LEV 9 16 - 0179 17 8 - 0.047 16 9 - 0560 2 23 - 0319 19 6 - 0.138
(n=25)
TR
6 4 3 7 6 4 2 8 5 5

(n=10)

Ao AT PE R B AE R TR R, A FTUBAIE. 55— 51, LEV i Z5HLi 5 M i a2
38, W AFEXT MTZ .CLA \LEV AMX #I TET B4k Z5HE X gyrA FERAG AR O, H WLRASLESS 87 i/
KI5 9K 62.0% 64.3% 15.7% 10.3% 10.4%"; (N87L.I.A 8 K)FI% 91 f2(D91G N A.Y 5 H)fY
1717 6 PR Pt 0 4 N PG AR BR R MO 2 X MTZ.CLA . 24 JE R LA™, i R B T A8V (A97V 45 58 A8 i/ £
LEV AMX.TET Hl FZ M 1if 25 5% 5 5 A 97.37% . 2, Wang 55 APUIRFST A8 W28 N87K \DIIN %
58.95% .48.42% 0% 0% .0%; AWFFEHH ,MTZ.CLA,  ZAER551H8 20.2% 10.5% , A5 H 5845 L N8TK |
LEV AMX.TET FI FZ {9 Tif 25 5% 5 5 A 100.0% . N871 A, AR HIA 32.0% .20.0% , A & B HT )
82.5% .72.5% 0% 0% 0% , $E/mnAHLIX BH MTZ,  RAE7 A,

CLA \LEV Tif 24545 505 Ry /™5 . LA, A 5 A AR BR HAT G By A2 Hp T 25 3R A A] 5B 55 55 ) B A
BT RM S FECE Z M2 EM 2GR, R ER ¢, WEIKORPE 7Y B X A — IS 7R CLA it 2y
Ji i —I s RTHETE AT ST & BRIIRT T ORI M5 cagA FE PRSP 5145 & B, Hp FRIARCLA
Ji X} MTZ+CLA MTZ+LEV MTZ+CLA+LEV Wi} 25 W24 ice A1 FEH 5B UIM (HE cagA FEFIEK;
F o0l 34.0% 38.7% (17.8% ™, A MF 5 MOEFTESAE LI, CLA THZ5 AT HE Y vac A FEIAT G
MTZ+CLA \MTZ+LEV MTZ+CLA+LEV [T 25353 5] AR IRA TR IS LEV T 25 R T vac A m2 3
H 15.0%.5.0% .67.5% FHILZ T AKX =HEiNA1E  KHEMEFREE(P<0.05),#875 LEV I Z5 AT 25 vacA
SUEE R P T H CLA (LEV [T 255 BEiA 7 B m2 JEAHSE. Ik, CLA \LEV BT 25155 vacA Lice A
T T & Rk ROAY T R EREE MTZ .CLA \LEV 1 % oipA Z[H] (96 RAEAGHE— 45T

U R LR AR, I BN VI G 22 J it 25 11 WA, A EAE R AR R 2 W8 TR L Y Hp 738
oo B B, AT LA TR IR AR AR A o B 2R

Hp ifit 254 S5 245 5L P 28284 6P, 40 CLA it 25 15 Hp I HBR 80.0% , B 3 i T JCIZ e R AR 5 1A%
5 Hp A9 23S tRNA JE[H V XS RAER K, HILR  A(P<0.05),#nA FIEATEERBE Y Hp 438
AR R A2142G R A2143GPY, A5 T2182C A2223G DRI,
H1 C2195T 2557 5 58 748 T Kt 3R 0% i 12200, AR I, HRBRKMEH Hp B bEXt MTZ .
Albasha %5 NPHRIE 5P HRE T CLA THZG R ZEAE  CLA Ml LEV YT 25R e, NI, FE I R ANROA T
fiL 5L A2143G .\ T2182C Hl C2195T (A8 4352 @i | ¥£ AMX.TET Ml FZ, It 4k ,CLA Tif 25 5
20% 16% . 12% ; [E P 3K %5 NPRIE R CLA 24 C2165T Fl A2219G RAFHI &5, LU M LEV Tit 25 57
AR WA EAE (7 45 T2182C (A2143G MZRAERS 0] J1BEH vac A m2 B C R EFIE—IRAMS
M 35.29% .20.0%; AW R I EH WA fini, AR AP AR gR b
T2182C A2143G [ 548 3853 51|l 78.6% . 75.0% , ¢
WIS R RTNTE R BT C2165T Fl A2219G 3~ BHEXH
GG, HRASDRRR IR CLA T2y 1] Dbmeribanba B Yanaka 18, Hellmhaer plud fcton
BRI A G TR, T
H o AERANN S S CLA T 2500 ¢ R 055 8 2001 613-629.
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