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[ Abstract] Histopathology, bacterial culture or C/"*C urea breath test are usually considered as the
gold standards for diagnosis of Helicobacter pylori (H. pylori) infection. Histologic examination and bacterial
culture are invasive, with high technical requirements and long process. Therefore, they are not applicable to
children and elderly patients with underlying diseases. °C urea breath test is expensive, *C is radioactive and
not recommended for children or pregnant women, urea breath test is easily interfered by drugs such as proton
pump inhibitors, antibiotics and other drugs. Molecular tests have advantages on strain typing and antibiotic

resistance screening, and can use different sample types from both invasive and non-invasive approaches.

This article provides a review of the molecular detection techniques for H. pylori.

[Key words] Helicobacter pylori; Molecular diagnosis; Detection

Wy VWA (Helicobacter pylori, Hp) & —FhiZjig
Ry R EA E2AMEN AR REME, Hpn 5l A
KM L. BHEEB R A BB B H L
B . AR EE (gastric cancer, GC) "7, Hpik
KSR AE H R R T, TR A B AR 19944EHp
Pttt 7 DA E B e 7 51 1 288084, 20184F,
— Ik H S KM 73 B &K 2R 2T R Hplk
P RA4.3%, Hoh R R E IR G % 950.8%, KIEE 5K
TP R AN34.7% . RIE KB Hp B YR 1983 2= 19944 K]
58.3% F 4 EI12015F20194E11140.0% . 4 Bk#175% GCHI
5.5% M CanWR MR . A B A IE MR R S tiHp
5| e () JOE AN 45 1 3

MR ERHp Il 9% B FE405E, BHIEZE48. (b fmE A
WA, T PR Hp M SR GO R R R AR LR, )

DOI: 10.3877/cma.j.issn.1674-1358.2024.05.001

EEWiH: EXESPIRTR (No. 2023YFC230)

EH #AL: 200949 R, EdILEEHRERGERAR"
100015 Ab5T, & ARl A2 b R Al ot dth iz 2 ey AL R

JEEEE: TAERK, Email: wzm@beion.com.cn

FRHp YA J7 H |32 A8 Bt v 24 438 1 Hp I it 25 AR B K
M 25 534%, & SEMRB AR EERRKFZ —". H19824
RIHp LA, TS T2 HpB e ha il 795, W g s
FRE . WIS W JRETAATI (urea breath test,
UBT) LA K % |2 B BUG % 40 22 W B 43 #T3% (enzyme-
linked immunosorbent assay, ELISA) 4. 4B FR1L& T
TS B IR A B S5 TR, R B AR PR 43
i592%MM100%, {HHpEs IR EME, XFoeih = EoRE, P&
W, EEREREFRRT, BENAEHIEAMEL4ED. A
SURHEE LW IR A SURERY) e g 5, H gty
EAHEY G, HWpERE, LG O aR a5,
EFERICREAL B AR AR/, Qe T7k. P Y
YIFI R F = IN#I55) (proton-pump inhibitor, PPI) FIf#
Ysemiz et . UBTRIGIRER NI HpIER A2
WiJgik, tHiZHpieWr&hadE. BRI =42 iR ook
MO IR IR R 5 VAR P P CE R B 2 R T IS I
FATEHpER Gy, SZAG 3 W H Hp JR E 8 4 7 R R AT R il
BCO,8COZ /N W MCHE N LR, T Bl S s e i 2
AR AT o S0 2 AT BRELIS AR M i 3 FE(H BUR



258 o AR ARG FTIG PRIE Fes 24 25 (FL TR 20244F10 H  2518%: 25534 Chin J Exp Clin Infect Dis (Electronic Edition), October 2024, Vol.18, No.5

WAAHpPUR, FEASFRE, EATIRMEERES, -
HAe RS S R Ak . BAELISAT K &% (K Hp
RIEFREAGHUA (1gG) , (HPAMELE RIHABE X o BEAE K
e 15 224 iy SR e ol B A R L RIS S MR IR, B B A W Hp i
BRI, I3 A A 24 R A2 PPIER L 2993697 I T
W T 24 B R B, SO R 22 5 20 T A U AR il 4t
Rl 2 S iR R Y A B — M P H AR (next-generation
sequencing, NGS) , HHAER, REE S, frmthin, &
e R B BT A% E R R (single nucleotide variancts,
SNVs) , B IR T S AR R 2 AR . AR SO
SOGTHp > TR 5 03 FE AT 4508, REARAE S B i 2
I R R LA

—. Ry HER

1. BEME AR (polymerase chain reaction,
PCR) : (1) Hp@Etel: 7ERFH5145]% F, DNA
RAEY 1 H R B o2 B T 400 507 S L2 i
19904F, PCREIARMYIE A 2 A FHp il A 1Y, 46 H
FR (limit of detection, LOD) F{&kZE204% ", HFHH
ZUERRIFE AT, REEMRE R A 100%. FHHPCRE:
D75 BEAE 1 N S PG LK A AT 9 3 2, R B
FEIT K. S2iF 38 8 BEPCR (real-time PCR, RT-PCR)
AT KB AT, B SR R (72/72) FifF
S (16/16) ¥329100%,

JE b, AR U 3 B L A Hp 7 5 10 55 3 R <7
HMAEHFS], W16S rRNAZERA . ureA. ureC. cagA. 23S
rRNAZE [ FlvacAZE. 16S rRNAFI23S rRNAZE PR B AR 7E 48
PR R A7 AE FLAR S, (R IR S T BEAS 2 LA 2 Hp
TSR TE SR . cagAFvacAFE RN Be s A6 I Hp R AF1E
B RE WS BT L BOUR M AAME Y, H AT B A2 B ik
R HIE . Klure A FlureCFE A 15 1% B Y & B O S M A
RS e, EE R R R O AR E . BRI RER R EE
FEMHE ARG B ODNAF I EHEE (GenBank) T A
Hp & S A 5 R 5 81045 12, @5 boxh i 8 m FE 0 8
B, PEICET Sl AR EN A, CASR A I R e 1 O
EGMIFH, FRIKLODME; RT-PCRK I Hp R HUE Mgk F
PESBREIE 100%™, T34k, A F PSS [ #E 2 4 . R 42
RN RNTE B A SRR A AR R AN PR
6 B0 B RERE A2 T2 EXDNAGEPCRAG I, {ERE A% 18] (1 Ky

(2) HpsE&E/rHT: 20024F, RT-qPCRI A THpwE &4
B BT R A T Hp 1 8% DlureCHE [N, R EIFEAHpsE &
ARSI 000N B /SN, ZRVEVE Bl 6N 2, TTAG I
BB IR A U B LA B R AN . A, A
FELE FH [FIRE 7 A6 7 23S rRNAJERR (2% DL/ R4 M,
BANREANE 2 BR300 A0 E, AH 2T 60045 U1, &

KM ZE30N 40, ZePEva o =%, TR ARFE AR
iF, RT-qPCRPEVERS HI K N62.5% (FE1200M KA , &F
PO R R EF IR (rapid urease test, RUT)  (36%) . 4l
B:9% (24%) . PCR (51%) ML (47.5%) "), PCR
A LU I 7 Vv ARG H RS G R RE AR T R I HH BH 1 R (2
W A Hp R G AR HE 2 15 7R B EERUT . ZHZ1%% . PCRM
RT-qPCRZ/D2I R M) o ik, 258 @ FE AL HpAR
BRIT IR PR A o rh, BRARAE J5 5k, AR HRT-PCR,
HRREMHpEETT ., 5 HPRT-PCRW AT N H T-Hp s
B RN 24 PRI .

(3) HpZr 2. PCRWPud kIl 25 P K+ JL &Y, 45
SRR EA TR b e A7 R HpEk R T2 5
EEFMEEE., RS, 2450 kIN8TAH
HFAISRIE N, KIEANTT RARERA (cagA) Fi
WEREFA (vacA) WBHpHE R NFHALKE, 1 BHpR
IACagAFfIVacAE H, 1M HpAFRILCagARIVacAEEH, H
A% Cag AT VacAR L, 3 RIEM B, CagAR
VacA 5359758 M m GC RIS A ¢, A dllcagAFIvac AT] il
I Hplge e 1) #1785 77

cag AL =) Cag ATE 2> RS TS VE 4O . 1
AN A T A A AN R e i e AR 4T, AR4EHD
PR IE R 20 P 2 TS 4 cag AJE (R 9 cagA FlcagA ™, {HAS
JE UL BtcagA 2 AW X H = B0 1 2 5 . R¥ECagA
EHCAMEPIYA (Glu-Pro-Tle-Tyr-Ala) &5 H 741,
HpXl o MR 576 77 AR . AR CagA HpKk
JiAlCagA Hpf H ot I BUERE /1Y, CagA s AT 5 IS A
X, PETE K CagA” HplBReH 249 060%, F I E K U & T
90%™, SRARE AL, ) FELEABX. HiEdg. &
BB 26901 B B, 26115 i # cagAFH
P (97%) , HAof A H,

P Hp i bk vac AR NP, VacABAREIAFH
(A1 DRI A o v ) At R AN el =P
M= A mE e . vac AR 22 A5 1% T BUA [R] BR85S 7 AN [R5 Ar
BEREY, 9 R SA AR R IX Sk, 5 BUR M AT AL I s
X (slas slb. slcfls2) Fm (ml. m2) X, #ELLAFECA
ANEMTER . sXHIs28 R Ng ths1 2 T 1240 F B R 26 K7
Hl, AR SEFs 128K, #HHm1 IR VacABE
S RE E R E A2 R E A1 (low-density lipoprotein
receptor-related protein 1, LRP1) T 7 540 i Py il 1t 4 2
R, WOGAKUER, SEEEMREEAFET, Hm28 %
ANELRPIZEDY, WA K BlvacA s1FlvacA mlZ5fr R 5
A T O BT 2R R GC R AR 5P

(4) HpMf 25 Vel Mor¥7/KF&, Hp4i K% Hm
2597F RSB ARIE A SN Vs, FHAS T 254 580 5L DA ()4
ARG o WICLAE A S0SHZHE 1A 323 SHZ HE A RN A Y



rhHESIIG FTING PRI YR 4% 25 (R TR 20244E 10 451835 4551] Chin J Exp Clin Infect Dis (Electronic Edition), October 2024, Vol.18,No.5 e 250 .

VX P ik B e R G T 40 B 2R BT A G, 23S rRNAZE A
¥ PR PHAS T CLA23S IRNA R 454, FECLA
(iR 2 1452, 56T PCRAHPpIR 25 MR 5 7240 R -

BT 245 (single drug resistance, SDR) : R R4t k%
Hiii 24 B HSNVs 8, F£IHSDR. &R B IIPCREL
RT-PCRA] MR ARIRAFAET ORI 45 R, LOD{E Wl IR = £
20 A T PR K AE

%2 HE24 (multidrug resistance, MDR) : L EHZjH
IR R 2848 RS BUKMDR, X A &15848 1] LR FIPCR
SEAMFEPISR IR AMFE, W MmRAET R £ HPCR
RO AH DGR, T 4 3 €881 4 BR 1A 22 7 1R 24 0 T 52 22 R
R =3, A HE 2 3 DR 5 3% 0 R0 A W S B S S MD R AR
P, B FRT-PCRPVE{RT-qPCREGIET, /% i et 7k
SR 24 58 A 5 B 5 H At iR B A A I o

S MM 25 (heteroresistance, HR) : 20034F,
Kim %5 PH0F 78 R L4 161 5 35 B SE R B A AN 05 A 5 AT
HHHR, BENLY 12 5 EDNAARIC (random amplified
polymorphic DNA, RAPD) $§40 % Hrilk 5Ll 24 Hp M iU
HpK JBToK, MAEZ BRILELE, (HARAEIX /- HpBUEik 5
fif Zitk. MJ5, PCR. %HEJEAI42 (fluorescence in situ
hybridization, FISH) 1745 A F T 57 5 vk i 24 1 72
e BRI, SRR B WA EALECRE, TR 2k
AR N 32453 854 () d P CR Y ARG 0 DU 38 G 1 %o i 24 1 ok 114
fi&Ati, 7R T ddPCRAEHRTS 5 N3 Ml /1. fERLJIIHR
i, PCRANIN 47 BB OV ASTHI#E AT .

SRR Y R FHPCR-RFLP4) T Hp & £ FureA-
ureB. ureC-ureDAflaASE[H], AER B/ RHp IR ZREHER,
{HPCRA IR T EAS M . IR KRB S iR PR, 75 BTG
A BAERT K. AR T ZFhm R B POE SRR
PIEAR, T2 TR,

ANF SR AL TR R R AR HDNA K& 1 I i & iR
FEESGREEH, mFNSFERY HE A (loop-mediated
isothermal amplification, LAMP) 460 C~65 ‘C, HZ
g R & fEY 14 (recombinase polymerase amplification,
RPA) 937 ‘C~42 ‘C. LAMPR H T F&{FREAHp il
LODfE A i£200~400%5 ™. HoAh 555 A% IR 4 14 7 vk 18
HEARN FERAZRY 1S (recombinase-aided isothermal
amplification, RAA) fll[A/ZHr (LODME: 12 x 10° CFUmD 1
RAAZE A ZRE (peptide nucleic acid, PNA) 4iBhIDNA
Sy 2RSS (LODfE: 0.105 CFU/mD "%,

RPAZE& FAE F] b BB A0 [ SCE P FIH R (clustered
regularly interspaced short palindromic repeats, CRISPR) 4%
& 7 RPAPUH K FICRISPRIGEH MU VI FI IR H, 5+
WL TR RIAR Y T % . AR T CRISPRIFZE{H FE A A
M%) — 4% ARPA-CRISPRELA I &1, 1 5w @ & (1)

Cas12af& il REEARALS, DL KR FH 3 3% I CRISPR-Cas 1 2a%%
DS VE BTG R AR, I et 5 A AR N M Hp A
AL THI AT RE AR S, BEERRME B RE, WHE
XS T IR AR I R S e R A B 2 R, TS Bl 2 Hp
TR AR IR 2 W AR T .

LIWPCRIGZESERZIRY HHA, EHERMHR, R
B R R SR AR TR AT N, Hp 2 ¥E AUR 2 % A0
BIRF T s 2 —,  DAME RIS SEEHp e M . 4324 DA R fird 24
SR

—. DNAMFHA

DNAM 45 A Be R I PREEAS F Hp IAATE . /32 i
AL ORI FHATEE R Hp /3 200 (50
Tif 2 M RAF LR, ASPRAATMHp IR 55 . FEARE AR I
BEPCRY G, NGS/HT13345) B iFAabrA ™, lhis
126 B HPBAYE CREEN95%) o FHIFRIE LlureC v #E
Fr, PCRE=YIINT S5RAPDXI 29/ I R Hp 73 254 73 B L 3%
E S HT# [X 4 Tk L S 4 5E LA T A A A .
TER LAY 1 300 FF Hp I cag A Flvac A JE R fit ] 52 4y 401,
FERD MR McagA” sIm1 Bk LA KovacA m13E R RI7E 5
TR b DX LY AR JRU B b [X 5 Y 3k, I AT A S BUX A X
GO ZE IR HAh, GCREEFEARPCRINFE A D
B LR B PEAH S L IR Y R cagA” (97.75%) HllvacA slml
(93.25%) o —IANGSXI 1464 Hp i bk il cagA 43 BUIE 52T
A7 DR LR AT A UK

BN I RAE A (T Hp 23S rRNAKEFE™, #iAfifCLA
B RRER A A2143GHIA2144G RS, T BURE R IE R .
ER 1330 B iR AR A T2 A T 2 RAE (73%) W, S
63151 B K [K] 2 AR 12945 22 BRI 98, 43 I 27451 F0 1 6451 Bz
ZARIT s VAT RIS AR R AR AR O, IR AR H IR
ITRIMERAN19% (5127) , ZRERRBHIRIT RWERIELR T
69% (11/16) o ZEFE NN T E—IUHTIE LB TR E 25
A LLFHINGSHE 55U 4476 77 ABE (R VA IT I XU . itk
4b, WGSIE AT L& BI-55 i 24 1 AR S i 56 R A

NGS A B # 1U Hp W A o6 P13 Zi P g, G
J% R A% G2 2 GR B 1R B AR =P 1404 I PR Hp B % 1)
E-Test"Z5 LRI X CLA. MTZ. TET. LVXAIFHEF1E
P ENGSHIWGSHi & 1 HE 5L K H SNV s H B Bl ik 47
Ebke, Bk b, CLA. LVXONURAE () 3 B 24 foke ) 45 B
S5WGSH 23S rRNA. gyrAFflrpoB3E K HH ) SNVs—E{
PE> 99%. Xk IR 102 B REBF 7% 8], FHWGS
PRI TR 24 12 A 5% 228 (R A8 S (R R B T 3 CR B N100%) A
Bl TR 50 5 3R R TR 24 Pk R O (0 SRR R N R AR, RN
WGSH] LB P B 25 U A, 5 A2 AMX. CLAF!
LVX. Zhou&s 3 #i— IR 7 HAE 52 T CLARILV X 3 (K 2
M2 SR 2 e £, XA Hp A 2= .



260 o AR ARG FTIG PRIE Fes 24 25 (FL TR 20244F10 H  2518%: 25534 Chin J Exp Clin Infect Dis (Electronic Edition), October 2024, Vol.18, No.5

5 FAREARAAEG, W5 R AR A R B Al (¥ 41 R AR
R, APCREFME AN 51 BT LR RFLPAS I B 5 1%k
GG FI BRI N VIBEA T ks . 2 B 20 1) Sangerill 7 12
ARHENE . BAEEBILL LR, —Rses =M L7,
ENGS I ET, %45 )%E T DNAFFE B+ 0B R, £
FENIHF-20044E J3 5 (9$1 000 Genomefi H 5 T, NGSHll
FFAX 2005 EE ARGk ) T . X2 4>, B AN Hp b R 5 PR 4 58 i
DUTF o W 4 A e o] LIS ) 4 256 PR 45 R e A i 2 25 1)
RAZGN, AT DLEAT A B AR 2 R A A R B R A AL
. RENFHEAGILZ M E, ARy AT
SPTERE. RS TIEERE, £ T 5E S rhr
BT, HERE R 3T PCRIG T

=L TAZHEAR

Oy T FAZ AR FHpt I B Bk J R R B, AT el
AR PRI T 51, IE T 2 PR AR 2 SR ML
R, HARMAFAE—2H % MK TPCR, RBUZRML,
ERETHRIA A BT, AR R, IF B m AT
F AU BPCRAEW . Rk, 457238 HARR
TEHpI o FRAM P R E R, FHAFEEDY 1,
i AR A R ) B VR ZIRT A, WD T HAER R R tE A0
ik, BESHABARLE DIRFARINACR . TRk
TARZERIY HAME I, He— ARl T8 e P4 R s SRk
MRS, S R R E R v, PT DUR S
88 R 0 200 B R A TR S5 M (R R A, AT X DNA
BRNAHFRE P HEATRE . B E T, 19964F,
Andrey 5 R FHPE LG (2458 7R X 33 B2 1607 1N SRS
KEARA AT, ShsiE AL (RR R ARUTY |, BAME
TFEZR3/3, BIMERTG2828/30,

FISH/& —Frml &g, PR, R GRS AN o] R AL A7) B
PR, AR Ji B R e 2 o 31 B BB e A 1 O AX R
PRET 5 R MURE A A (R TR 7 51 e HE B 25 JE %o 174 o ) 33
ITHRAS, Gtk IE HEEROL BB T . Ebruzkl™
FIFAFISHUF U 78 7 Hp Fe b 85 3=l 24514, %2344 &35 1)
23S rRNAZEK (12 14252 14347 A8 HEAT ARG, &5 51
FHFISH AT LA [F) B 8 Hp & 75 4716 2 58 4 88 R I 251,
T 52 Hp A& 75 17 15 I A0 B850 R R 7 1k 43 3 i 31083.5% A1
91.4%. F—TURHE T ARMX KA HFISHE A, X
16545 & J T8 92 075 S5 38 TE AL bR 4R 23 B U Hp 23S rRNAZE
DRIBEAT 0 HT, SR8 AG HA 19017 A i 2 5 TR 9 AR [ A AR

LiuZEF f 5 DNA-E T 1 (ssDNA-QDs) F1H #h
Hp DNAZRA, FFR 7 —M# 877 1%t DNAL RS,
AT DAPLIE E BRI Hp DNA, Kl f 2k M Ya Bl it 1.25~875
pmol/L, &l [fRiX%]0.46 pmol/L. 4 H#¥rHp DNARFELE
iF, ssDNA-QDs# ft Z= A 4 )% (graphene oxide,
GO) i, FEFKNHKIE, MHp DNAFAER, 5

ssDNA-QDs# R f5, Gt RAELA, FABERBBIHE K,
BERS ARSI E (%€ Y615 5 S Hp DNARKIIKFERRIE L .

., Bg5EE

BARK Z B Hp B R A RER, HER L 5 2 3
RAETE PO RS, R RRAER S W . AR T T
MEE R E GRS . RS IENUBT. RUTHIME 22460
&, WEEARENER R, HARESZE BRI E R
PR ZE SN R o RN LR R EENR
S FIRE P, BEUERR I B Hp st e e, HiE K&
P IR IT R B BCERREE L . A ARSI VA R
CHNIR A EHp YA BRI CIERBR IR 345 ) Y
HpHEFE N Hp i 2 225 R BUAG U 00 2 B2 7

Y MR AR S REUE AR R, RR A
REE, EH TR WG 8RN, HERRMEE
FHRELIMBREFEA, I RE S 2 2R AR L E TS
LI 50 . DNAI P B 552 o] A 4 HrHp I ZE R4,
WABLA R E A FEF, R BEE R, KR
PR AR S, HEWE RS, TN ARK
o T ARITEARM SR T EER N Hp MR EDNAF
G, BEAEARGI W, EHFYCEs W, RER MR R
ARy VR PCRAH D, 7] B 75 22 BE K (1 S0 A ]

g5 b, A TR fEHp A R B — e e, 18
R IR 75 SR I 8 B 3E 1K 20 T BAR T DS RS HE FROAR I 25
S TFRETAIRRE AR EF AR R RS EEE, |
HAREREAEREHpE R OER. S ST/
A K, B GER35AE 7 R T %2 B T Hpka
W, tbsh, Hpsr FRMBE ARG EERBE ., FeRtk.
BRI AR B P 7 T b SE U oemg, SOl R M Hp 2 W DL
TR 25 VERG I, AR R VA T Hp AL RS v ARG 0 5 5

2 £ X A

(11 HWEHE, 298, EBiE, & BUURE N T TEF B A b
AN R 52 50 FE [1/CD]. v A 52 56 1 PR 2% Ge s 4% 36 (B
/%),2022,16(5):313-319.

[21 AT, oL B T R R - | TR IR G [)/CDY).
A S0 I AR IR G 2 (P T, 2023,17(3):145-150.

[3] Yang H, Mou Y, Hu B. Discussion on the common controversies of
Helicobacter pylori infection[J]. Helicobacter,2023,28(1):e12938.

[4] Zamani M, Ebrahimtabar F, Zamani V, et al. Systematic review with
meta-analysis: the worldwide prevalence of Helicobacter pylori
infection[J]. Aliment Pharmacol Ther,2018,47(7):868-876.

[5] RenS, CaiP, LiuY, et al. Prevalence of Helicobacter pylori infection
in China: A systematic review and meta-analysis[J]. J Gastroenterol
Hepatol,2022,37(3):464-470.

[6]  Mladenova 1. Clinical relevance of Helicobacter pylori infection[J]. J Clin
Med,2021,10(16):3473.

[71 Chiang TH, Chang WJ, Chen SLS, et al. Mass eradication of

Helicobacter pylori to reduce gastric cancer incidence and mortality:



ARSI RN R G 2 (L TiIR) 20244E10 5 4518%5: %553 Chin J Exp Clin Infect Dis (Electronic Edition), October 2024, Vol.18, No.5 . 261 -

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

a long-term cohort study on Matsu Islands[J]. Gut,2021,70(2):243-
250.

Wang G, Wilson TIM, Jiang Q, et al. Spontaneous mutations that
confer antibiotic resistance in Helicobacter pylori[J]. Antimicrob
Agents Chemother,2001,45(3):727-733.

J iy, A AT RRT B IR RS W R[], o [ G R
2£,2011,11(8):1031-1033.

Hoshina S, Kahn SM, Jian W, et al. Direct detection and amplification
of Helicobacter pylori ribosomal 16S gene segments from gastric
endoscopic biopsies[J]. Diagn Microbiol Infect Dis,1990,13(6):473-479.
Hammar M, Tyszkiewicz T, Wadstrom T, et al. Rapid detection of
Helicobacter pylori in gastric biopsy material by polymerase chain
reaction[J]. J Clin Microbiol,1992,30(1):54-58.

Kobayashi D, Eishi Y, Ohkusa T, et al. Gastric mucosal density
of Helicobacter pylori estimated by real-time PCR compared
with results of urea breath test and histological grading[J]. J Med
Microbiol,2002,51(4):305-311.

Yang H, Hu B. Diagnosis of Helicobacter pylori infection and recent
advances[J]. Diagnostics,2021,11(8):1305.

Mohammed A, Atef S, Ahmed E, et al. Helicobacter pylori vacA, cagA
and iceA genotypes in dyspeptic patients from southwestern region,
Saudi Arabia: distribution and association with clinical outcomes and
histopathological changes[J]. BMC Gastroenterol,2019,19(1):1-11.
Saurabh KP, Girish NM, Chandra BP, et al. Helicobacter pylori is not
eradicated after triple therapy: a nested PCR based study[J]. BioMed
Res In,2014,2014(1):483136.

Wang YK, Kuo FC, Liu CJ, et al. Diagnosis of Helicobacter pylori
infection: Current options and developments[J]. World J Gastroenterol,
2015,21(40):11221-11235.

He Q, Wang JP, Osato M, et al. Real-time quantitative PCR for detection
of Helicobacter pylori[J]. J Clin Microbiol,2002,40(10):3720-3728.
Lascols C, Lamarque D, Costa JM, et al. Fast and accurate quantitative
detection of Helicobacter pylori and identification of clarithromycin
resistance mutations in F. pylori isolates from gastric biopsy specimens
by real-time PCR[J]. J Clin Microbiol,2003,41(10):4573-4577.

Shukla SK, Prasad KN, Tripathi A, et al. Quantitation of Helicobacter
pylori ureC gene and its comparison with different diagnostic techniques
and gastric histopathology[J]. J Microbiol Methods,2011,86(2):231-237.
Rodriguez AM, Urrea DA, Prada CF. Helicobacter pylori virulence
factors: relationship between genetic variability and phylogeographic
origin[J]. Peer J,2021,9:¢12272.

Xiang Z, Censini S, Bayeli PF, et al. Analysis of expression of CagA
and VacA virulence factors in 43 strains of Helicobacter pylori reveals
that clinical isolates can be divided into two major types and that
CagA is not necessary for expression of the vacuolating cytotoxin[J].
Infect Immun,1995,63(1):94-98.

Cardos IA, Zaha DC, Sindhu RK, et al. Revisiting therapeutic strategies
for H. pylori treatment in the context of antibiotic resistance: focus on
alternative and complementary therapies[J]. Molecules,2021,26(19):6078.
Jones K, Whitmire J, Merrell DS. A tale of two toxins: Helicobacter
pylori CagA and VacA modulate host pathways that impact disease[J].
Front Microbiol,2010,1:115.

Takahashi-Kanemitsu A, Knight CT, Hatakeyama M. Molecular anatomy
and pathogenic actions of Helicobacter pylori CagA that underpin gastric
carcinogenesis[J]. Cell Mol Immunol,2020,17(1):50-63.

Kao CY, Sheu BS, Wu JJ. Helicobacter pylori infection: An overview of

[26]

[27]

[28]

[29]

[30]

[B31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

bacterial virulence factors and pathogenesis[J]. Biomed J,2016,39(1):14-
23.

Xue Z, Yang H, Su D, et al. Geographic distribution of the cagA,
vacA, iceA, oipA and dupA genes of Helicobacter pylori strains
isolated in China[J]. Gut Pathog,2021,13(1):39.

Soyfoo DM, Doomah YH, Xu D, et al. New genotypes of
Helicobacter pylori VacA d-region identified from global strains[J].
BMC Mol Cell Biol,2021,22:1-12.

Amieva MR, El-Omar EM. Host-bacterial interactions in Helicobacter
pylori infection[J]. Gastroenterology,2008,134(1):306-323.

McClain Mark S, Cao P, Iwamoto H, et al. A 12-amino-acid
segment, present in type s2 but not type sl Helicobacter pylori VacA
proteins, abolishes cytotoxin activity and alters membrane channel
formation[J]. J Bacteriol,2001,183(22):6499-6508.

Ansari S, Yamaoka Y. Role of vacuolating cytotoxin A in Helicobacter
pylori infection and its impact on gastric pathogenesis[J]. Expert Rev
Anti Infect Ther,2020,18(10):987-996.

Matos JI, de Sousa HAC, Marcos-Pinto R, et al. Helicobacter pylori
CagA and VacA genotypes and gastric phenotype: a meta-analysis[J].
Eur J Gastroenterol Hepatol,2013,25(12):1431-1441.

Lin Y, Shao Y, Yan J, et al. Antibiotic resistance in Helicobacter
pylori: From potential biomolecular mechanisms to clinical
practice[J]. J Clin Lab Anal,2023,37(7):¢24885.
Tshibangu-KE,Yamaoka Y. Helicobacter pylori infection and
antibiotic resistance--from biology to clinical implications[J]. Nat Rev
Gastroenterol Hepatol,2021,18(9):613-629.

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

Strommenger B, Kettlitz C, Werner G, et al. Multiplex PCR
assay for simultaneous detection of nine clinically relevant
antibiotic resistance genes in Staphylococcus aureus[J]. J Clin
Microbiol,2003,41(9):4089-4094.

Liu ZQ, Zheng PY, Yang PC. Efflux pump gene hefA of Helicobacter
pylori plays an important role in multidrug resistance[J]. World J
Gastroenterol,2008,14(33):5217-5222.

Ge X, Cai Y, Chen Z, et al. Bifunctional enzyme SpoT is involved in
biofilm formation of Helicobacter pylori with multidrug resistance
by upregulating efflux pump Hp1174 (gluP)[J]. Antimicrob Agents
Chemother,2018,62(11):¢00957-18.

Kim JJ, Kim JG, Kwon DH. Mixed-infection of antibiotic
susceptible and resistant Helicobacter pylori isolates in a single
patient and underestimation of antimicrobial susceptibility testing[J].
Helicobacter,2003,8(3):202-206.

Kim J, Kocsmar I, Buzas G, et al. Efficacy of clarithromycin
depends on the bacterial density in clarithromycin-heteroresistant
Helicobacter pylori infections: an in situ detected susceptibility and
quantitative morphometry-based retrospective study[J]. Pathol Oncol
Res,2021,27:1609863.

Sun L, Talarico S, Yao L, et al. Droplet digital PCR-based detection
of clarithromycin resistance in Helicobacter pylori isolates reveals
frequent heteroresistance[J]. J Clin Microbiol,2018,56(9):¢00019-18.
Akopyanz N, Bukanov NO, Westblom TU, et al. PCR-based
RFLP analysis of DNA sequence diversity in the gastric pathogen
Helicobacter pylori[J]. Nucleic Acids Res,1992,20(23):6221-6225.
Park CG, Kim S, Jeon HS, et al. Validation of loop-mediated



[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

262 o

R AESIG RIS 4 5 (L T AR) 20244E10 5 £518%: 5553 Chin J Exp Clin Infect Dis (Electronic Edition), October 2024, Vol.18, No.5

isothermal amplification to detect Helicobacter pylori and 23S rRNA
mutations: A prospective, observational clinical cohort study[J]. J Clin
Lab Anal,2021,35(1):e23563.

Zhu X, Zhao Y, Zhu C, et al. Rapid detection of cagA-positive
Helicobacter pylori based on duplex recombinase aided amplification
combined with lateral flow dipstick assay[J]. Diagn Microbiol Infect
Dis,2022,103(1):115661.

Wang Y, Chen X, Wang P, et al. A visual detection assay for Helicobacter
pylori in saliva based on recombinase-aided amplification and peptide
nucleic acid-assisted split DNAzyme probes[J]. Sensor Actuat
B-Chem,2023,396:134582.

Qiu E, Jin S, Xiao Z, et al. CRISPR-based detection of Helicobacter
pylori in stool samples[J]. Helicobacter,2021,26(4):¢12828.

Dai B, Xiang A, Du D,et al. Rapid and sensitive assay of Helicobacter
pylori with one-tube RPA-CRISPR/Cas12 by portable array detector
for visible analysis of thermostatic nucleic acid amplification[J]. Front
Microbiol,2022,13:858247.

Liu H, Wang J, Hu X, et al. A rapid and high-throughput Helicobacter
pylori RPA-CRISPR/Cas12a-based nucleic acid detection system[J].
Clinica Chimica Acta,2023,540:117201.

Habimana J, Mukama O, Chen G, et al. Harnessing enhanced CRISPR/
Casl2a trans-cleavage activity with extended reporters and reductants for
early diagnosis of Helicobacter pylori, the causative agent of peptic ulcers
and stomach cancer[J]. Biosens Bioelectron,2023,222:114939.

Nezami BG, Jani M, Alouani D, et al. Helicobacter pylori mutations
detected by next-generation sequencing in formalin-fixed, paraffin-
embedded gastric biopsy specimens are associated with treatment
failure[J]. J Clin Microbiol,2019,57(7):e01834-18.

Kansau I, Raymond J, Bingen E, et al. Genotyping of Helicobacter
pylori isolates by sequencing of PCR products and comparison with
the RAPD technique[J]. Res Microbiol,1996,147(8):661-669.
Sicinschi LA, Correa P, Peek Jr RM, et al. Helicobacter pylori
genotyping and sequencing using paraffin-embedded biopsies from

residents of colombian areas with contrasting gastric cancer risks[J].

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

Helicobacter,2008,13(2):135-145.
LiY, Lin R, Jin Y, et al. Genotyping Helicobacter pylori antibiotic
resistance and virulence-associated genes in patients with gastric cancer
in Wenzhou, China[J]. Arab J Gastroenterol,2021,22(4):267-271.
Hjalmarsson S, Alderborn A, Fock C, et al. Rapid combined
characterization of microorganism and host genotypes using a single
technology[J]. Helicobacter,2004,9(2):138-145.
Zhao LJ, Huang YQ, Chen BP, et al. Helicobacter pylori isolates from
ethnic minority patients in Guangxi: Resistance rates, mechanisms,
and genotype[J]. World J Gastroenterol,2014,20(16):4761-4770.
Tshibangu-Kabamba E, Ngoma-Kisoko PdJ, Tuan VP, et al. Next-
generation sequencing of the whole bacterial genome for tracking
molecular insight into the broad-spectrum antimicrobial resistance of
Helicobacter pylori clinical isolates from the Democratic Republic of
Congo[J]. Microorganisms,2020,8(6):887.
Zhou'Y, Zhong Z, Hu S, et al. A Survey of Helicobacter pylori antibiotic-
resistant genotypes and strain lineages by whole-genome sequencing in
China[J]. Antimicrob Agents Chemother,2022,66(6):¢02188-21.
Andrey PL, Alan F, Alain B, et al. Rapid colorimetric hybridization
assay for detecting amplified Helicobacter pylori DNA in gastric
biopsy specimens[J]. J Clin Microbiol,1996,34(3):530-533.
Ebru D, Ozlem Y, Asalia ZO, et al. Rapid identification of Helicobacter
pylori and assessment of clarithromycin susceptibility from clinical
specimens using FISH[J]. J Pathol Clin Res,2017,3(1):29-37.
Jina V, Jamal F, Sharareh M, et al. Molecular assessment of resistance
to clarithromycin in Helicobacter pylori strains isolated from patients
with dyspepsia by fluorescent in situ hybridization in the Center of
Iran[J]. BioMed Res Int,2020,2020(1):2304173.
Liu Z, Su X. A novel fluorescent DNA sensor for ultrasensitive detection
of Helicobacter pylori[J]. Biosens Bioelectron,2017,87:66-72.
AR BR S 2 THALT 7 2 e TUEAT TR 222 BN T i D MERAT P e
e BIL PR ARRERIGIT B I]. B %,2022,27(5):289-304.
CERE R : 2024-03-14)
(RS YwkE: FhRAED

EER, REE, TIRK. “MEFES TRMNEKRFALHE[JCD]. P FHfEREEREE(LTR),
2024,18(5):257-262.





