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Abstract

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis (MTB).
The problem of drug resistance of MTB is becoming more and more serious, and it has become an
important problem of global public health. This article reviewed the status of drug resistance of My-
cobacterium tuberculosis and the application value of relevant detection techniques. The current sit-
uation of drug resistance of Mycobacterium tuberculosis and related detection techniques were in-
troduced. The application value, limitation and future development of drug resistance-related detec-
tion technology were discussed. Detection of Mycobacterium tuberculosis plays an important role
in the prevention, diagnosis, treatment and control of tuberculosis. They can increase the rate of
early diagnosis and successful treatment of tuberculosis, reduce the spread and mortality of the
disease, and help health agencies to better understand the prevalence and transmission routes of
tuberculosis, to develop more effective preventive measures. With the continuous progress and
improvement of technology, the detection of drug resistance of Mycobacterium tuberculosis will be
more widely used, so as to better serve the prevention, diagnosis and treatment of tuberculosis.
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1. 3]

S IFE R —MEURE, SIESEE. BEE N DG, ST AR i bR DL K S5 S5 18 5
8 S, GEAZIRAE R BRTE E WAKIR B — N EHEEM AL DA MG, SIGEE,  254% 55 SO B N 24 128 i) @t
WIREGEAMNIE. HAT, 450 KR 25l sR o e TIR KM, AKX 45% 5
T B 245 BOIR BAH SR e R AT VA4
2. S BAEHAIR
2.1. ERTERAIBLISF 3K

SRR R M S5 A% 0 SO IR S R IS AL Gui,  HAL 307 A 2l = S48 . 45450 ST e
A DUB G AR AN AT, UM, SBUSS[1]. R, BEEPERNTZNMH, 2585 ATt
L) 0] RUE T ik o S5 A% ST 25 R A G5 A% 00 SO RN Ao o FHPUAE 32 72 A T P, g
TBIT R R KBRARER A 2] HAT, S54% 00 3K 2 4 iy 4 BR A HE T A Qs 1) — KHE

SEAZ O B B T 24 0 0 2B 45 £ 2 it 245 P (multi-drug resistance, MDR-TB). ™ i fif 4 % (extensively
drug-resistant tuberculosis, XDR-TB) 18 2% fiif 24 14 (totally drug-resistant tuberculosis, TDR-TB) [3]. H:H,
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MDR-TB 72 i X 8 FH (0 PR — 2k b 4% 25 W) 53 SR B AR AR T i 265 ;- XDR-TB 245 /£ MDR-TB 27t I,
M2y R BFHE R KAEREHAER: 11 TDR-TB Z X C MK FIaiz 257 L 1 il 2
4],

2.2. ERERSEATEWAEROIR

ERGNZ ) SO B3P DR 20 78 . ARFE A S PAZZHE(WHO)K) (2020 SEEBREFIRE)
REREFEEA KL 1000 T NIEGEEZT, Hh 208 50 T3 NIEGER S5 P 8 2 25T 25458 (MDR-TB) [1].
BEAt, KA 40 5 NG S50 B RN 22 25 458%(XDR-TB) . A G5 1% 75 A BRVE [ A A A2 — A il AL,
(EAS R X ) 25T 2 PR I A AEAR R 22 5 o I IX R S AZ M 251 s R IX . iR 4 WHO IR 5,
MEPHHE X ARFAEA KL 30 77 NS L T 25 854%, (5 RBREET 60%. HPE L BN 7 S 1 X i
GTESIZIR I R RIX 1]

23. GRS IBITEH A E MR

SRy SORT B BRI 245 P8 1) LA 224 T 435 A3 91 T W F PR e 2 — o T 25 S R xS R e . =
ITBUR A FELL R A SE PAE 2 ok T B

SEA% Sy SORT BT 24 V5 0 3 22 S A 30 1 ¥a T XEEANTR 7 IR 18], AT R A8 AR s o A R IR
[4]e X T LERFRNGTT, FTEMMAELHRAEMMBE, BEFEERNEAERIGST, X ERE
JT BRI AV FEAR A BN E[5]e S5 A% SOFT TN 25 PE X o~ 3t DA 22 At — ORI B T 25 254% 0
AT DG I AR, A D At N PR A BB o T 24 S5 R IR AR R AR R, W RE 2 S BORAE 1
RAGAT, T B A2 (6] [7]-

B TSk RATT NG E, S SRR I 251 s ok 1 ¥ 22 ™ B A Bk

TEITINME: S5 %0 SO I 251 3 UL S 0016 TT 3R R A R RRE 6T AR 25 T S5 (1
THEAFEH T 2P giom, MHEMHE ST, BAH. BATENGYITIRIT8]. Ik, Xik
HYE = SRBUCEMBIER, WHTThEESIE . W R BB RS [9]. AL UethIg . 25 PE 5% 0 SCAT
TR PO A 1 L AR TR 24 1 G bR SE R o 4T 25 1R R PR R AR 2208 T (K B I, AR ON B S LR, Hs
R R FLAN, TR IEREM 25V AL R KR O R . SXAME LU TAE T EFRAR . IR
MBS AT G 10]0 AT i 2510 S50 UG T A R AR i T ARM 25 P a5 A%« 72K
JerpE o, XANRBICITE, FOVRADA B F R ARG T B (4], R B R 1S BIE AT
IR ATHS 25 P GEAZ I G 18— DAL FE RN, T3 BOE 2 B9RIT AR AR 2 fidH.

UEAk, S5RGBT AN A GV AR R iR 28 S5 A BT 4% (0 B B il 22— o S50 BB AT SR A
PRI, FAEFKHRT. WEARE, ZAREESER, E8 5 R ES]. AR,
AR MG AL TR R Tk B NSRBI, SR T A S AR e
FEAE SRR ES, T RAERIE R, SR DAL RS BN, XA A BRI 2 4500 1 B 4%
AR SN AR A AT 0K P o

3. Gz XA REHANRNEAR
G5 SCRT BRI AT LA 3 AR AR AR T B A 25
3.1. BRANGEES THERRWSHRNEAR R HIRE

3.1.1. SEZEEES
GERE T R I — P B R SR AR I i, T DI 45 2% 23 S AT T8 IO AFAE o G A% 1 B 97 00 AR B
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FERE R R PR AR R A PR REBURE R, ER A R BRI ARG, HRFHE
BORROREIRIN 6] o S5 A% T B TR N o 2 5 AT KB AR ARAE, 10 H AR 5 2 RS R TIR[11].

3.1.2. G AEIRE

FE G 2 BRI R TR B I 45 4% 70 SCFF R 85 95 71, W1 Lowenstein-Jensen 3537 4% . Middlebrook 1577
B4, BB ARPUAE RIS IR, WA AR AT O, AT 4 B AN [R] 40 A= 28 0 B A i
Ytk ZINER AR R 5 AT, BT LA I Rl 22 A2 Wi 25, i BRI SR AT R B2, (E4i2
ORI T BB K R IR ], B TR E 23 A, B e RRZER[11][12] [13].

3.1.3. FFEFAEINE

TR RS 77 25 BOR IR B 5 4% 23 SCFT B R 7= TR B 37 56 W, 1 BACTEC MGIT 960 45, MEA [T
A B TR I U RN 250 . ZO iR s R PR . R, PTLATE 1~2 FWARIZER, H#EmE e,
AT DRI B R B 5 4% 20 SOFFRR o R R B & A R, ELX B 8 2R A I SR A [ 12] [14] 6

3.14. MBEELE

PURR gLt — Mo, PROE AR 7V, T LUK HH 45 4% 90 SCRF B IR AE . LR s i) S B 45 i
Y SR AN B & SR, AT ARG Ykl et . PURR YL It & B 54T, HR B SURAR I R B A,
AR OB A ESE R [15] [16] [17].

3.1.5. ERRE

ST RIS — PP SRR N 7, W] DA H A B i N o S5 A% T 2 ) SR B
W E RN T, VSRS AL R R RN . 542 58 ARG A s R B . PR, (HRABEX 43
FIEREETE SIS, ] B B IR P E AR PR 45 SR (18] [19].

3.1.6. PCR

PCR 2R AWM MM S, &g, Suk. SREmmlZBRaNHEA . PCR 1R E@ET
DNA R4 HFEH| Hbr DNA FE51), 7742 KER DNA B PCR LS 2uE. R Hritm, bl
R A3 ) H A% DNA 41 . PCR FAR ] LA AL 4 PCR. SERT 9% 56 PCR AT PCR 25 R [A] (12574207
[21] [22].

3.1.7. Xpert MTB/RIF

Xpert MTB/RIF & —FpRade Al 45 4% 70 SORF B AN 25 2 R K 70 T2 Wi 7 1%, H13E I Cepheid 2A7]JF
Ko TZTTFR T S 5 G iy 30U M (real-time PCR)MIEIA, AT DUF TR £5 4% B R FE A, 4045
Ry PRI AR . 27 0] ABROE . AERR A U S5 8% 70 SCRF I, 6] DATRII AUl 24 3 B, AT B
I PREE AR I S IERRYT 7% BLAh, 20758 AT LU 85RO AT R 2 T A AT, PSPl 454
TR IIGTT R [23] [24] [25].

3.1.8. LAMP
LAMP &M SR MMAES, &—MH MR NE AR . LAMP FEIZESFRAFT, @
it DNA B4 5 %) HAR DNA FE3l, 724 KB DNA FBt. LAMP B0 s P, Uk, #reike,
[FB 38 ] DLEE B I T EAT, ATRE PCRAXER I SCRF[26] [27]-
3.1.9. EE®H
BRI e — il A B AR, mT DA R ARSI K & 1 H bR 7 41 R DRy (1 R B RN 2 AR EE
] 8 7R R b, REFS HARP PINCHEL G KA AR, SR 58 5 hRic kel H A5 7 S A7AE . 5
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PRLC R B i A vt B i RABORE S e S, AT DA I AGHI 22 i 24 AH O (R (28] 4% 73 SCAT IR i 265
R R TR (R RS T AR B PR I AR A 2 W 4l o, O B PR e & I& IR T I %

3.2. FIHMERS TR RER SRR AREHMS

3.2.1. EEEBERFRR

A PR LU PP SR AT DS I BT A 2 R R R AR AL i, DA 405 A% 70 SRT | AR TR 25 1R B 43 7 S D 4T
. UTER, % AN EOR A PRIE A R, AP P BoR T G i) 2 8 T 454% 73 AT
TR 245 PR A FC o 4 AT AL PP B A RT DA vt R TN 225 4% 7 SR B PP AT Rl RE I R ASAL s, BRI 4
T TR 24545 2. [29] 0

3.2.2. BURISHIRIAR

TESE IR IRTT o, SRS Wit o, v DL Bh R AR PR e B i B IE R IT T S AR,
— ST Y () RE IS W AR A N T 5% 23 SORT B i 245 PR ORI B G A R A I ) CRISPR 2R
[30] [31] [32]ANE: T s S (M MO S TR [33] [34] 35158 . IR EEH AR T LU IR . AL RS I 45 4% 43 ST
WIS 251, 9 B E SR AL T N R B RUIRTT

4. EXREUEARERNE
4.1. GRS IAERMRRESZHSERHER

SEA% 0y SORT A I B A AL 25 R0 12 Wi v R HE 36 R AR o X Tl PROREIR AR BRI - G54 20 ST 1
RN FE A BE 08 PRH A M [X 70 G5 A% AR SR B0 o ANt S5 A% 70 SCRF BRI BOR R e AE 7012
TR TS 2 A2 9 1 T A 4% E AR T

FI R85 0 S5 4% 73 SR A I SR R A E A N ik o 3 7 ik mT LI £E I PR AR A (B 2 %
M PRIEEE) HRE FR AL AT, AR5 EAT 258006 A 731 A=W 2 G DU R 58 45 4% 7 SR T F) T R A
M2k SRIM, XA BRI (B (5 5%, W ERUA R R4 REAR B4 R (E— S B BUATT
MIEOL T, XMOITEIFA R RIS

BEE BRI, 73T AW A I BB A 2 N T 454 20 SO IR IR o IX 67776045 PCR.
LAMP. ZRPEG TR [36]. XA IMHAR KN 2w DAERER W AR R 45 R, JF HAEA I A BUR AR
ST TR o SRT, IXEEROR ARG AR, 7 ZEAI N A B AN SR S, DL KT IR A B

4.2. GRS IFERMNEARESZmATPRER

By SR B I BORAE S5 R0 10T TP R o EE B AR o RIS I AN R 45 4% 73 SCAT T FAO T
ik, T DA RO IR B R AR IR SR R RN AR T T T e L, SR SCRT R AGI SR AT DL B R A 5
IRE R A E PRI YT IR, ST A, T RICR M R R 3]

BURER AR MR E, 85400 SO R IE AR KD A 238, (15 /T LOs R 7 7AW A R,
XEAZIR B E AT M EIIRIT T R 70T AN AR B AT CLRIEAS TN 225 4% 73 SCRF i, T DU Y
NP2 G R D < ST T2 ey ol A Y SR SRV DU C 1 bvirke o A Ep SR KO et P bt K MRS LN e 2]
GFREITRCR . JFEHL, X E AR, MEIRT T R ARG R ], B Pt R

4.3. GRS ATERMRRELSZBTR FHER

SEN% Ty SORT A B AE 5 K003 s vh R A 45 A BRI o e ml DA B R AE M A 3L T AR B8 T B PR
IR T S5 A IR, 2D T AR R S5 A A 4R (38
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LI B 5 A2 TS E AR RE (R R G RSB NI TR 2, 4L B9 AR BE D REAR T AR
XL N IR D PG SORP I, (B RARATT B S R GE AT REIE A 2 CUAHEIN SR i KAE A . BRIt
SEH% 5y STRT RS N A Y S P AT DA BE S R0 R 38, 38 S i (R A% 4

44. BRI IAERMRRESRBRITREMRRFHER

G 53 SCRT RS IR AE G5 A0 AT o 240t 9 h A A H A6 ORI o e m] DAFE BT FE N 5 SE 4
T REERIR BRI B AR A At 2 A1 S5 DL [38] [39]

TATIA A BT UG B G B UG BEAT T RN B R, 60 5 AN (R AR 1) S5 R0 S e L
Btk FE 1 00 LA B A [ XSS B 73 A T L o S5 A% 20 SORT RS N BOR AT AR PG R O R 45 58, 78
BTE TN G S G S BRAR G5 AL R ALAT IR S 45 A

AR, EA% 3 SO BRI B A AR T LA S5 42055 14 AR IE AR AT B 0. 383 S5 A S e o (R A
I DAE R AT S S A PR Sk AN R iAo XA B A K TLAE T S ) e ARSI 45 A% 9 ) 0 AR 4%
I o
5. S TATERMEARMRRIE AR R L RS

JE G SO AR IR S R 2 W o 6 A7 A B AR, (HR e thyrfE Lk
JRI R PR AT HE A o

5.1. =R

5.1.1. # R S R BRI

E AT S5 4% 20 SOFF BRI R (0 RS O A 2 5, (RR RIS 0 R AR EBR fl . o, X F—
SR TR ) SRR SR, KGR BUS AT R S BRAK. BhAh, P TSR R A R, SR
FFE & BT BE 2R /D, XSRS AR 1) R U

5.1.2. 4R BRI

JE S ST BRI C B TR IR0k, (AR 0L T AR AE RIS I AT BE . I,
FELE AR S5 1% 73 BT R B A 0 T SR e th ) RE P B 7 SORT B B S o e Ak, 0 T — S R il 45 A A
ARGEAZ I SO T U S8 A% 0 SORT A D 2 A A R 5 AR B A R 2 2R

5.1.3. 4 A Y PRI
SER% ) SN BN B (10 BRAS AR By, X ABBR AR 1 HAE e SR = M X A8 AN . E4h,
— e AT EOR, U1 NGS &8, TR AE R IR A .

5.1.4. #&BsHE] 44 PR 1l

H BT R0 0 45 8% 43 SORF B AS U BOR (ARG B TR 75 AR B K, 75 BRI EHOR IR ] . X R 1 3
R WG T R FE TR I N
5.2. KRAME

BEE R R, S5 0 SR A B R AW et fn e 3 . Aok, FRATT AT LASIAS LR 5 )
R J

1) ZMREMEARLE G AR BRI AR S AR, AT LU IR — SR ) RBR M, $2 el
(1) 7 50 P R S v o
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2) T AT IEAR KR E : 73 T WA BR A& OV SFF R I B IR Z — o Ak,
FATAT CUIARs 7 7AW 2 BRI AT AR AN 583, 41 NGS £R . CRISPR-Cas £415%, DR s Kl R
B RS RTEE

3) (EHE I B A AR s A A 26 W] AAEAS RIS Tt AT D o MER 9 454 20 ST TR U
A AL B R NS W AR T J7 T A8 B AR A .

4) BRI ARG B BRI R gt T DLSEUG IS R i) B St Ay 4k, ROKR ks I Y
RO AN UERFME

5) Sie NI N TR RE AT CLB KB 7 M AHLES 57 ST S8 50K, T B A TS n v f b 1)
W S5 A% 2 W AR TT 75 5 o

6. Z5¥

A EAZIRIIE T MPTEBA T — 2 R B G0y SORT B8 A 24 1 i) R O 24 i ) — AN B
PRtk SiA% O ST R 25 PE R BRI R 2 N3, SRS SIS, RIERG RN DX

FERR R A 1% 53 SOFT B 254k R AR A, S50 SORP A B 2 1 AR % EZ AR . AR
KA FA A F LR £ [40] [41], £ESEBR M 7 EARSE R AR DLHEAT 1635 . 7RI BOAR A WTRELK
THOLT, AT Z R RBAR MW AL, AW 52 ks I ) R R AERA Ik, DLSE G o S5 A 1)
RIS Wr . 0T AT 3R A S .

SRWRIBTE TAFRE AL, WP SR 2k T ONE R 7T, 75 2 e
DRI DAERRABRE HE, IRa A UE, st S5 om fbR AR S . A EEAIZ . Bl
PUEG % 2GR AL PRV B S5 07 T AT 28 3 BRSNS

B, B SO AT BRTE S O I T « 12 7 Al Rk 8 EEE R . BT LAR
1o A B RS W S AR T R, IR B AR AR AN SBT3, (R mT AR By AR HLAL S0 B 42
LR R TAT TG DU RR AR, WM 8 I R TR i i B BRI AW R, S54% 0 SO ik
D ARG B R B, WHERf . fRIOE . DROERIZEUE, W S8 4 IR 4% T S50 1 Tl RV o7 LA
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