7

AR I BE 2R 2eih 414 B 1 202641 /1 J Mod Lab Med, Vol. 41, No. 1, Jan. 2026 111

BRI BT S RE H PCR BEARAIME5H% 73 B bT v v 25 P4 I
Wief 4 A8 KL P i S F 8

AFEL, RESL, EWE,F E,ERL, FFR, FTH, K M
(R ER KA E R T2 L PO EBE IR, | AR A ZE 523000)

i E: BE WA R L F PCRE AN 24 5 HAF A (MTB) & 25 MR AT 25 2 TR W ed s R A IE, ik
AR 2021 5 1 A ~2024 55 A R BEAKFWE R AL P S B 1656 R PRk 454 & B TR AT, AT HR P Bt
MTB 3% 9% / %55 | Y8 ok 25 SR B BOK T A1 ER4R A 69 32 8 & & PCR B AR M 4148 T (RFP)., 58 bk (INH) @t 25 1 & df 25 2
B R BAL &, AP R ORI 4 R A AE AR, RN BURIRA R E PCRE AN A2 MTB# sttt R 2o
B35 RGE 2 151 %A MTB, Wl ok 25 40X 3b#h b RFP it 25 36 4k, INH it 25 42 %k, 4 3RIE4T 38 % 2 3 PCR # A4k 1 RFP.
INH 7 25, 15 o] ik 25 8GR Bt 28 R 2 F R4t 5 % 3L (0°=0.018. 0.067, 3 P>0.05), vAZHGRIE A 2H | BIIRIRAT 35
€ & PCRELAA M REP & 25 69 A8 | 45 55 B L 240 5 %) 4 91.67%(33/36)., 98.26%(113/115), 96.69%(146/151), #-it] —
M Kappa {827 0.895; #) INH @ 25 698508 | 45 5+ & | #0207 5 83.33%(35/42). 95.41%(104/109)., 92.05%(139/151),
#a | — Fotk Kappa {8 4 0.867, 4 ER4R4T 3 K 8 & PCRF A A th RFP @t 25 W #k rpoB A B KX & ¥ 96.97% A S — 4% & R %,
VAS3IAR B R E A T4 b 57.58%, kA 526458 8 E 44 & 27.27%; # i INH @1 25 B 4k katG/INH A L B 52 %, A katG 315
5 AR E A, P 80.56% A katGE—1L5 R L, 16.67% AINHA E— 12 5 R & it RS E 2 AP R4
%N EF PCRECAATHARA RFP ., INH @it 25 75 & B A 4 5 60995 W 2 A, T AF A4 16 A b ik 47 a2 R B A 5 % & R Jf & at
2h AR AN LT L, AN R I RARR I

KEEIR): LERE ORI 5 B RET s DEEE B PCREGA ; FIHET- 5 S 5 Tt 250 5 i 245 3 (R 28 AR
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Abstract: Objective To analyze the clinical application value of lock-loop probe fluorescent quantitative polymerase chain reac-
tion (PCR) technology for detecting drug resistance and drug resistance mutation genes of Mycobacterium tuberculosis (MTB).
Methods Sputum samples from 165 smear-positive pulmonary tuberculosis patients admitted to Dongguan Songshan Lake
Central Hospital Affiliated to Guangdong Medical University from January 2021 to May 2024 were collected. Sputum smear
microscopy, MTB culture/identification, proportional drug sensitivity test and fluorescent quantitative PCR based on lock-loop
probe were used to detect Rifampicin(RFP) and Isoniazid(INH) resistance and gene mutation sites. The efficacy of fluorescent
quantitative PCR based on lock-loop probe in detecting drug-resistant MTB was evaluated using proportional drug susceptibility
testing results as the reference standard. Results After isolation and culture, 151 strains were confirmed as MTB. RFP resistant
36 strains and INH resistant 42 strains were detected by proportional susceptibility test. The detection of RFP and INH resis-
tance by the lock-loop probe fluorescence quantitative PCR showed no significant differences compared with the proportional
method (¥’=0.018, 0.067, all P>0.05). Using the drug sensitivity test as a reference, the sensitivity, specificity and accuracy of
the lock-loop probe fluorescent quantitative PCR technique for detecting RFP resistance were 91.67% (33/36), 98.26% (113/115)
and 96.69% (146/151), respectively, and the Kappa value for detection consistency was 0.895. The sensitivity, specificity and
accuracy of INH resistance detection were 83.33% (35/42), 95.41% (104/109) and 92.05% (139/151), respectively, with a con-

sistency Kappa value of 0.867. The rpoB gene mutations in RFP resistant strains were detected by lock-loop probe fluorescence
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quantitative PCR, with 96.97% being single locus mutations. Mutations at 531 locus were predominant (approximately 57.58%)

followed by those at 526 locus (approximately 27.27%). Detection of katG/INH A gene mutations in INH resistant strains re-

vealed katG mutation at 315 locus as predominant, with 80.56% being katG single site mutations and 16.67% being INH A sin-

gle-site mutations. Conclusions The application of lock-loop probe fluorescence quantitative PCR technology for screening RFP

and INH resistance in sputum specimens from smear-positive pulmonary tuberculosis patients has a high diagnostic efficiency. It

can be used as a supplementary tool for the rapid clinical diagnosis of drug-resistant gene mutations and the screening of drug-re-

sistant tuberculosis, providing evidence for clinical diagnosis and treatment.

Keywords: Mycobacterium tuberculosis; lock-loop probe; fluorescence quantitative PCR technique; Rifampin;

Isoniazid; drug resistance; drug resistance gene mutation

25 A% 0% 2 1 45 4% 4 B R B (Mycobacterium tu-
berculosis , MTB) JE&YL it 5 | 2 (1) — P52 g A ZSfERR Y
VAL YL , BEE T 22 252 i 25 55 A% T 1 2R,
PR AEE AR E Y FI#EF (Rifampicin, RFP)
FLSE A0 (Isoniazid, INH) JE &5 1R 7 BB 1) —4k
PLaE 258, W98 &% 1 95% Y RFP fi vk A7 4E T
rpoB F& K H , 17 INH HTPE 28 48 32 ZAF 76 T katG/INH
AFEHH, B FE N AR A8 AT 5 [ MTB XJ RFP A1l
INH i 25 %, 5 o i 52 0 HLAT 3G it 25 MTB
W73k, XT38 Sl R B A s P s 2 259, B
1E i 25 MTB (977 A ARG R 7 2, PR &
HFE & W —Rh R, FLWI 5 S A R 51
b, 3 S AR AL X, FE B AR AT %
P IVE Y SRR, 1L P38 5 O R 2 A8 i
FIF IR BRED, TR AR DL B 15, MR E S
R R AT A S S DU Gk 0 — 2 i B2 01 304k, (R i
PR UE T ARSI s S P 0 SR R PCR 2
FH T 5256 23 05 SR HSHURG I ) — RO v, IR R 12
Wi MTB it 25345t T Al SEficds 7 i RE 9O =
PCR 5 A FH AR R T 1 J R P AG I 437 45 52 A8, ]
TN = PCRFGARSLIUF 59 ok, T A
PR R I PR 2 AR (57 A A, HL R U e R
AR P, E—Ra SRy vk . 2k
HRANSCER & B, 2 AR AER I MTB i 25 5 4 oz FH 4%
AR, B AT ST T 8RR ET 28 2 1 PCR
F AR MTB Ifif 24 14 K ik 245 58 A% JE DA i bz FH AN (L,
PHGEWF .

1 MB5FE

1.1 AR R BB 2021 4F 1 H ~20244F5
AAE) R ERF R M AR SER 1 L ER Bt i2 i
165 1914 BRI 25 4% B G VR MBI 4, B B G FRIE
SE151 2 MTB g3y, Hov 55 ¥ 85 3l . L Y 66 171],
FHIFR 4512+ 589 % . Y AbRHE: OWIIREH,
IR >18 % s @FF & (igs#i2yr e ) ™ i & T il
SERAS R, ELPEYR A BRI s G B RS Th e R
s @WERSEH, W2 R IR 5k . MTB ;3% /%
T 2RI S A A e E B PCR B
HEBRBRIE . OX AT 25 0 s QbrA 5 e )l

25 4% s QFEAE RPETRERRAT | 15 I R 4L U e s 5
@DE I . Ao BB e B2 I S HLE(S
FRIE 20240712), BE ML SR E .

12 M EAFXFH  Bactec MIGT960 4> [ 81 43 A HF
REFRAN R AAE B (32 [ BD) ; PNB/TCH #5357
W BURR Y G R AW H AR AT ; PCRY HE
Tt 0 Taq DNA ZEH20 . R SMIIG UILL, 5|4
KR (KEE AW TRARAF); PCRY 1
X (35 [H BioRad /A 7]); MTB R HEBGAF (Jb i
YRR AFD .

13 Fi

1.3.1 R ek : BT AT B TR PR AR Sml, A
TCRA AR 2h MRS, KRR RbR AR YR L dEA 740
FRy e, TS BER . BT T AL 300 M HLET , HLFR
FFRREELT ~ 8 2 A A, 100 1T 3 ~ 9 4%(+),
10/PREF 1 ~ 9 55 (+0), TPEF 1 ~ 9 5% (+++), 14141
B> 10 £ (++++).

1.3.2 MTB 73 B 35 5% . WA 48 2 9% IR AR sE
B B R T RR AN, A 4% (v/v) i) NaOH I i (1 ~ 2
FEARRD PR IR A1 T AL, = IR HCE 15min, 5 1
W, JoTH S5 T A 0.5mlE 3% 77 F10. 1ml 371 7 2
RA W, BN 0.5ml kb BRGF O AR A, IR & 5 A
4 [ SR R IR A T 3%, R AR AR 2 TR
R U e RN, [l sk SR P AL 48 %) il 362 P R
(p-Nitrobenzoic acid, PNB), W& Wy -2- ¥ 12 5t I (Thio-
phene-2-carboxylic acid hydrazide, TCH) £ 72 E1 7
MTB %5, DL PNB X5 5% i JC # 7% AE 1< il TCH 15 5%
WA & K HE I MTB, B0 3E MTB,

1.3.3 Uik 25 st . 2 IREE R S 2= A AR 5%
TR XS 1 7% B B R 230l 264 T RFP AINH HLA175 24
RS2, 5 1 I T AR R A Img/ml TR, A K B
AR KA TR RS, WM 10°mg/ml, FHERNERI 1
TG PR TRV, 3 R 2 LB AR B X R A B 40w g/
ml RFP 0.2 p g/ml INH 355330, 37°CIFF 4
JEMEGC SRR A ARSI, T2 ke, >1% %
IR ZY , < 1% FmiU.,

1.3.4 8 R R AL 96 6 5 i PCRAG I R 24 1 A it 2% it
: OB EE By W51 Wit & i T Genbank
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K MTB rpoB 3 [K (7 15 8 1bp RFPfif 25 U5 X)) Al
INH Tiif 25 katG/INHA 3 [H (3 3 katG 3 [H 315 % 1)
TRAS, INH AR 31 T X —17 ~ =8 i ) 41, AR 9
FER YA Mg AR 67 5 A5 S, {dFH Primer5.0 3k R 15 11
PCR 4" 34 5| ¥y KA A7 o5 BT 5 WA 4, N T A %
B A AR RN S8 AR HUREAR , BARET Sy 36 51 9 7 51)
1. QBIAGEE I S EEYIE AL SO R R
101, BIREE T wl, AT &A1 ], 10 x Taq
DNA &R M 1 w1, ddH,0 6.85 w1, 95°C Smin,
JIIA 40U/ 1 Taqg DNA Z#EH:F0.15 1.1, 65°C 1h, 95C
15min, 7K Smin Ji5 18] b3 578 H I AR 56 97 75
ML) SN 10 w1, 37°C 3h, 80°C 20min, B)DNA [
FEHC: W HORBARAS Iml IMA O I, FEMA 2ml
[ N- £ Bt -L- 2 Jp 2 R (NALC) -NaOH 4b ¥ % 72 3%
YR 47, 13 000r/min & .0> 10min, & [3%, 1A PBS #i&

ImlFEF 7 E A, 13 000r/min B.03F i, 7E0LRE RN
A DNA #2 U , 90 °C hin#4 10min, F¥X 2§ 0> 1min,
W B 9% W, 15 2 MTB DNA, @ qPCR &z v : Bt
i PCR JZ W {4 22 20 .1, 2 x Probe qPCR Master Mix
10 w1, BPAE RV AR BUBIARET 25 0.5 w 1, L RS
P4 11, DNARIH 1.5 1, Taqg DNA 428 1 w1,
ddH,O %} 2 20 w1, {# FHZEEE 5 PCRAYY 3 rpoB J
katG/INH A Z£[K, 95°C 10min, 95°C 20s, 60°C 1min,
A5 MEA . PIARET 9O i PCRR FHBCE bR IR
R BA TN 2GR PR G ARSI, DA Cr < 35 WAFAESE
ST JEFIAR R T 251 , Ce>38 W) hy B Ak TR B4R i 245
P, M 35<Cr < 3RHTE KM ST, A AT54b T I IX ]
Ho R S prvfE «S” BUJF H AT W 48 Fo 30, ok
GRASRY | g 27 B

x1 HIMRST R I 5 F T
HEH iH BH RS

rpoB BIARE 5’-ACGTCAGGTTGCGCTTCGCAATAATTCACGACCATGTTGGTAGTATTCCATACGCATCCAAGTC-3’
41 5°-AGATTGCTTAGAATGG-3’
7142 5. TTAATTCGTCCTAGCA-3’
g 5-GTGGTACACAACAGCCGACGCTGTCGGCGGGCTGCCGG-3°
AR 5-GTGGTACACAACTGCCGACGCTGTTGGCGGGCTGCGGG-3"

katG BIRE 5-CCATCAAGCTGCCATGCAACCTTCTGTCAGCTGCATCTA-3’
1 5-CAGCCGCGTGAAAATGGTGT-3’
3142 5"-ACGCACAACTGCAGCATTAC-3’
T/ AR 5-TGAACGCCGAGGTACCAGCACCGGGGGCTACTCAACGCGAGGTATGCGTGACAAG-3’
A RIRERR 5-TGAACGCCAAGGTACCAGCACCGGGCGCTACTCAACGCGAGGTATGCGTGACAAG-3’

INH A BIMRE 5’-CAATAGCACCGTACATAGTCGGACGTCTAGGAAGGAGGC-3°
5191 5".TCGTTACCCAAACGCGATGG-3’
3142 5".CAGACAATACCTAGCAGATC-3’
7 AR 5"-GCTGCGCGTAGTCACCACCACTCCCGGAACCAGGAGGACTCCGCT-3’
R 5-GCTGCGCGTAGTCACCACCACTCCTGGAACCAGGAGGACTCCGCT-3’

1.4 it o4 RJSPSS 25.0 BT 8 4t
T ire HHEVORI (%) T, SR KR
DA E ik 25 O B0 25 2R S S bR e, THR B R
DR 1 PCR AR BRI R RE , K I 25 S — bk R
F Kappa 7. P<0.05 M2 HA G2 X,

2 H#R

2.1 WBlEBHHGRBELER 165K, &
I ZAE S 151 ¥k o MTB & & BF, Ho i 2 26 0K 1
1244(7.95%) & RFP 5L ifif 25, 18 #£(11.92%) 4 INH

PATH 24, 24 ¥k (15.89%) h 1 & [R] A i 25, HiAy 97 bk
(64.24%) A HBURE TR Bk o

22 HERIEAT % k& & PCRIL K 4 M RFP, INH
wgh At L2, BIMREREL G E B PCREE AR
K 35 #£(23.18%)RFP Tiif 24, 40 #4(26.49%)INH ifi
2, 5 Lok 25 R A 45 L 25 S RS TR L
(£’=0.018 0.067, #J P>0.05), L) vk 25 658 5 45
TN UE , BEFRRET 96 RE i PCR B A I RFP fiif 25
I RBURREE | RF 5 B L HEA B 4301 91.67% . 98.26%
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96.69%, i M — 3% ¥ Kappa {f 4 0.895; # il INH
iy 245 1) IR R R S LU B B 9 S o 83.33%
95.41%.,92.05%, Fill —Z 1k Kappa (£ 4 0.867
2.3 ARERIRAT % B & 8 PCR I K44 RFP & 25 &
RAREE W3, BIAEE5OEE & PCRE A H
RFP ifit 245 Bk 33 Bk K rpoB LRI 28725, Hirb196.97%
Ry AT SRAE DA 531 548 R 2415 57.58%,
HR N 526 007 45 2 AF 2y 15 27.27%, 51647 15 578 5
6.06% , 513V 5 A 51147 25 284835 15 3.03%.

R2  HIINREILEE PCR AN RFP, INH Rt

3088
RRITES
%Y BOMERYOLER P(R ————— A
[CEST: V3
RFP fiitZy 33 2 35
Tk 3 113 116
&t 36 115 151
INH fiitZy 35 5 40
Tk 7 104 111
A 4 109 151
R3  PIMEETE N EE PCRE AN RFP i 25 rpoB
BEERTA A

rpoB KA BT R W RAER (%)

531 TCG-TTG 14 4242
TCG-TGG 5 15.15

516 GAC-GTC 1 3.03
GAC-TAC 1 3.03

513 CAA-AAA 1 3.03
526 CAC-TAC 4 12.12
CAC-GAC | 3.03

CAC-CTC 3 9.10

CAC-CGC 1 3.03

511 CTG-CCG 1 3.03
513, 516 CAA-AAA, GAC-GGC 1 3.03

2.4 AERIRAT % R E F PCRIL A4 M INH & 25 &
RE%E R4, PEREEJOLE I PCREAK H
INH Tt 24 B Bk 7 36 Bk A katG/INH A 3 K 945, LU
katG 315 F—{if s5 2848 S 32415 80.56%, 16.67% K
INH A B—{7 s 728, 2.78%  katG/INH A B 45

R4 GIIRESIIEEE PCRE\E AT INH it 25 katG/

INHAERERT =
I R WIEFRE OB REE (%)
katG 315 AGC-AAC 11 30.56
AGC-ACC 18 50.00
INH A 15 C-T 6 16.67
kaG/INHA 315,15  AGC-ACC, C-T 1 278
3 itie

Wit 5 T 25 245 206 ) SR T 0 22, A BRGS0 B 4
TAEMIG B RBRER . 25 2 25 AT 7 e 38 iy
SRR R, A I 25 ) T N R N R AR R AR,
Pt i 2 WA PRSI sk KRR AR A 56 TR 2R AR 3
YRR S BT , (8 MTB X 2547 A= T 52 P
I, FLAHRSHURG I 245 MTB R PR S5 0, =
7 TR 24 5 200 P S i P R o s A 0
2l MTB JE R 2845 i st 2 B RN A aa VIR .

15t 25 ORI G R T )12 12 Wit 25 454211
“EbRUE”, BB AR B R, (B2 R R
(4 ~ 8 JH]), sk 22, & MK TERIRYT I B], AN AT
it 25 5 R BTG e oA W2 R AR T 25 45 %
s DR T2 T T JR R R A, A s A
A R FLiZ Wk Re e iy, (HHR FH AR 44 , PRl PR
W R o PR EREHE R KR I e —Fh
FRIRIOHER, Homi g 50N A BAMNT S, it
BRERPRET TR I R 25 B T R 52 2 LA R
SRR, SR TR R REE Y 58 2 & FR
SERATIR, KRS B A Y A IR A R
5ERAY W H AR S G H F MTBIfif RFP rpoB 4 [
GRASKGHN | 2 B2 7 IR OB | R B v, PR A
AR KA FE ARG s i) ) AR R B A A U 2 3 ST
T — T WA RET ()22 i PCRAG TN FE K 5848
A7 5 B 7 %, JIE 32 AT SEEE SARS-COV2-Delta 28 45 &
() T478K FEAE 7w, . M HTRE B 1L 1Y) CD17 548 57 s il
MTB RFP i 25 rpoB 3£ K 531 28 48 (v S KGN, Ry
o A O I PR A P ARG I FF Rt 1 S A AL

AT 5 A7 2 R K 7R MTB 1 23.84% A7
TERFP i 25, 27.82% A7 76 INH it 25, P 3 AR i 24 4
20, 5N S S H G — B BIRRET SO E
1 PCR A 1 RFP i 25 2% 2 23.18%, INH Tiif 24 5% Hy
26.49%, frill 25 R 5 2h ke N 45 R o2 &, — 3k
KT 0.8, HACIMBUREE | 455 B85, JomizdiR
X PR A MTB i 25 5 A R A i 2 Wi (. x4
ARG 45 e 5 2R 0 25 WA A e 22 57, 2580k
it 245 T B PR T ' E i PCR AU AT A Ji A T i
T MTB I 25HLH1 5 R 5 4%, BRA S 28484 r] g ik
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FEAE AT ZGHLE] , MRS 1 SRk niAs
R AT 353 1% , 4312 G I BR — e 20% 747
A REFAAE BT 251 5 37k R B R e 2 A8 or
SRR, AT REAR B W T A 9 982567 1 ; DNA $2 I

RUBEAFR , n] BEE U IR LA T I E A R, 23k

A BRI 21 58 725 (67 S AE e ) 2 ok fUR i A A

PRET 96 1 PCRIM 24 4 It PRl BEAE T 24 B0 2k

JERCE T B, ST R RFP 4 40 w g/ml, INH iy

0.2 . g/ml; RN F5 AT HE- S 350 245 7 LA T 5, A

MR R, BRI R AR ] B B 5

AR I R B A . X TSI At SRR — B AR

L IR G A, S 2 4
ST HIE , MTB RFP i 25K 2 95% S HH rpoB

PR Y 8 1bp M 24 [X.(507 ~ 533 {3 250 1) 745 ek 12 , LA

531 0Lx C-T RASHA e i 5 INHIH 254k 2 50% L

KA katG 1Y 315 %55, INH AJi 2§ -15 Fl-8 4

SR EE AR B AR ST A H RFP T 25 4% 1 rpoB 3

(R 2875 L 53147 5 (TCG-TTG) 28748 FR e iy, Hk Ay

526 i 578, 5 E PR AP MRGE AR UL ; INH i 25

PR P katG/INH. A B [5] %8 715 24 80.56% 4 katG B — {3/

RS, 5 SHAO 55 "R3B 1) 82.54% . 78.57%INH

TS 24 B Bk katG 315 37 i 58 AHE , T INH A i —

BLIR AN 16.67% , W B RET 90 5E it PCR

i RFP FIINH i UL 58 AR T 245 057 s A I 45 R 5 SCik

TE I HA 53 1A= )2 BORART
25 L TIR U BRI A A R N BRSO

S i PCREEARATHE bR A RFP ., INH T 24 1 ¢ B AT 45

R 2 BT RLRE , W] AR A i PR PR A2 W i 245 55 DR A6 1

GEAR N i A it 25 5 A% 1 Ah 58 T B, i Ri2yT 2

PR . AFFATIA R , MTB 2581 5 44, Bt

9% FZHEFXT RFP L INH MR 2544 K60 rpoB JE (] | katG/

INH A RSB RGN, X T oA S4B s AR TR 7

TEN , 3 AT BEAL I P73 TS 245 AR A AG: 1 i 245 45k X 58 4%

1 A X 2 OIS I 45 RN S R B AR

RATHE— LR 345 H ATBIEMRET 20 5E 3 PCR

BRI AR S, RGN HAb > 5 A=Y 2 HoR AT I

BOWEE , A5 Seib i DA ik
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