- 836 - B EE2E 20224F 8 A4 34 4581 Prev Med, Aug. 2022, Vol. 34 No.8

- R -
ZEA% R S JRPES T AR e A2 ST 24 |9
FHRIE AT

AR, xR, BEFE, TREMAE, RWm

122 et WRVT, AU 3100125 2. F BRI R TG, JEET 102206

WE: BY SaiaB8aT R s s (INH) MZmS Mk (Eto) 38 24 K S5AHCHT 25 BRI AR R, i £
LSRR IR R W AT IR MG . ik HeFF 126 MRESE A RFT B R 0 B Ak, A4 88 WRIM 22 25 25 1% 43 B AT B A
38 ¥k INH 55 RFP SUBREE R R 1 o SR FH 245 g i S RS A A XS TNHL AT Eo T 2555450 5 R FH PCROSEIN INH A1 Eto Tiif
PRSI katG . inhA . ethA. mshA. ndh. oxyR—ahpC [AIF& X FlinhA JE 8+ ; VARBIMIZG o brd, 1150 98 A8
PRSI INH 5 Eto 3¢ UM 25 AR I RBUE . FRRERMENIYE. &R 126 BRESE BTG IR B ik, INH 5 Eto 58 X
M2 HIRR 370k, 1 29.37%; INH i 25+Ewo SUR I BR S18R, 15 40.48%; INH#BUE+Ero F 25 Rk 48k, 5 3.17%; INH
5 Ero fURBE VR 34 ¥R, 15 26.98%. 41 ¥k Eto M2 MR Y, INHIHZ 378k, 1590.24% . K katG 2878 64 1k, RAER N
50.79%; oxyR-ahpC RIMRIX ZE73E bk, RAFE R 3.17%; inhA R7AF 24k, FEAFE N 1.59%; ¥R INHNZ, . inhA I3 F5E
ALK, RABER N 8.73%; ndh 7% 18k ; Y90 INH 5 Eto 58 XTHZ5 . ethA 5878 23 ¥k, S7A5H 9 18.25%; mshA 5875 40
Bk, AERN31.75%; 1E Fro T 254k MBUEM G . inhA JE 2 FALI INH 5 Fro 28 XUTR 25 bk 09 R A% H 29.73%
(95%CI: 16.44% ~47.17%) , F5 N 100.00% (95%CI: 87.36% ~ 100.00%) , #ERHYE N 63.38% (95%CI: 51.76% ~
73.63%) ., £5iE  Eto Mt 25 Ak INH it 25 5888 /i o inhA 3 81T 5378 5 854% 43 BT 1256 INH FT Ero 28 Ui 254HC, 1A
inhA J3 3T X B8 INH 5 Ero 28 X 25 BAT —E S % 5 L.
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Abstract: Objective To examine the association between the cross—resistance to ethionamide (Eto) and isoniazid (INH)
and mutations of drug resistant genes in Mycobacterium tuberculosis (MTB), so as to provide the evidence for clinical di-
agnosis and treatment for multidrug-resistant (MDR) tuberculosis. Methods Totally 126 MTB clinical isolates were se-
lected, including 88 MDR-MTB clinical isolates and 38 INH- and rifampicin (RFP)-sensitive isolates. The resistance to
INH and Eto was tested in MTB clinical isolates using the drug susceptibility test, and the mutations in the spacer re-
gion of INH and Eto resistance-related katG, inhA, ethA, mshA, ndh, spacer region of oxyR-ahpC and inhA promoter
were detected using PCR assay. The phenotypic resistance served as a gold standard, and the sensitivity, specificity and
accuracy of gene mutation tests were calculated for detection of MTB clinical isolates cross—resistant to INH and Eto.
Results Of the 126 MTB clinical isolates, there were 37 isolates cross—resistant to INH and Eto (29.37%), 51 isolates
with resistance to INH and susceptibility to Eto (40.48%), 4 isolates with susceptibility to INH and resistance to Eto
(3.17%) and 34 isolates with susceptibility to INH and Eto (26.98%). Among the 41 Eto-resistant MTB clinical isolates,
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there were 37 isolates with resistance to INH (90.24%). There were 64 MTB clinical isolates detected with katG muta-
tions (50.79%), 4 isolates with mutation in the spacer region of oxyR-ahpC (3.17%), 2 isolates with inhA mutations
(1.59%), and these isolates were all resistant to INH. There were 11 MTB clinical isolates detected with mutation in
the inhA promoter (8.73%) and one isolate with ndh mutation, and all these isolates were cross—resistant to INH and
Eto. There were 23 MTB clinical isolates detected with ethA mutations (18.25%) and 40 isolates with mshA mutations
(31.75%), in which Eto—susceptible and -resistant isolates were detected. The diagnostic sensitivity, specificity and accu-
racy of inhA promoter tests for detection of cross—resistance to INH and Eto were 29.73% (95%CI: 16.44%—-47.17%),
100.00% (95%CI: 87.36%—100.00%) and 63.38% (95%CI: 51.76%—73.63%) in MTB clinical isolates. Conclusions The
prevalence of INH resistance is high in Eto-resistant MTB clinical isolates. Mutation in the inhA promoter region corre-
lates with the cross—resistance to INH and Eto in MTB clinical isolates, and detection of mutation in the inhA promoter
may be feasible to detect the cross—resistance to INH and Eto in MTB clinical isolates.
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BIRIGI 7ok 7 E RGP, A BFFE 000 A SRAs 17
MATHZPRAL, 2050 4F MDR-TB &5 R 7 K ik 5
58/10 Ji 21y MM (isoniazid, INH) JE&5EHRHRIE
Iy T R EEA WY s S (ethion-
amide, Eto) fEM5 INH AHEL, ®ACE INH A6
P %, W) AT MDR-TB 697 ' 45850 RiFT
W INH M 2553 FHLH EES kaG. inhA. ndh., inhA
JA B H oxyR—ahpC [HFGIX A 5, HP kaG
ZE /S TE INH T 245 19 45 4% 53 BRI b A 3R
70% ', FIBEESZM INH it 2y () FEZR N . S5k%sr
K FF R Eto it 25 09 53 F HLHI AT BE 5 ethA. mshA.
ndh. inhA J inhA JABFA Ko BEIERFSE R BL Eto
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1 HRSEE

11 EHRIER BEFE 126 BRES AT I R0 5
PR, f04E 88 BRIt Z 25tk . 38 Bk INH 5 AR
(rifampicin, RFP) HURGFE, i o [ 5 71 By 12
il H o A i T8 o 42 ol BT 4 A AR AR 3R L PR AT
SERL AT AFF A H3TRv AaifEfk (ATCC27294) W4 i h
Bl i 2 AR SR B, P v L TR PO
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1.2 sk X% R Bactec MGIT 960 4> H
BIPE AST T RE FR A E 2AN, BRI S5 S0k
[7]. H37Rv R#ERE (ATCC27294) h Ji 445 W Bk,

INH I5AYEEE N 0.1 pg/mL, Eto I 54K 5.0 ue/mL,
INH F1 Eto 14§ Sigma A7,

1.3 @ AR A A BRI KIS G5 A% A BT R B
fEEEFRY) 50 ~ 100 mg (JREE), SRAF7Shidk = H 3k
TRAL B ™ B2 L DNA, —20 CHR£TF . katG. ethA.
mshA . ndh. inhA. inhA JA3IFF oxyR-ahpC [A]F@IX
S5 I H37Rv DNA 41 (GenBank F41 5
NC_000962) i, W 1. PCR J i & A AR
20 plL, g 1Xeasytaq PCR Buffer (TRANS), 125U
easytaq DNA BANE (TRANS), 0.125 mmol/L ANTP,
EMSIY F ARSI R 45 0.15 pmol/L, AR
DNA 40 ~100 ngo SO &4 : 95 CHZEE 5 min;
94 CAEPE 30 s, 58 CiBK 30s, 72 CLEfH 45 s, 35
AR ; 72 CHEEMH 10 min, PCR P2H3% b 5t 4R}
2ol w2l I E A% IR S, SR BioEdit 7.0.9 %k
Pt SR F 4558, S FE 5B AR (wild
type, WT) H37Rv DNA J¥ %1 (GenBank J¥ %1% :
NC_000962) .

1.4 %t 5 K SPSS 20.0 # A4 Fl MedCalc
18.2.1 MGt . S 30k [4-5], FiiksE INH
i 25 TRIAR AN Eto T 24 B bk 180 2 2 A8 () T 25 2 [
DL SR AT 24 28 4 bn T OR RO R S A ME A
PR B PETERER AR A, A R A v
IR Fisher #AVIERLL, LI P<0.05 N2ZERAGIT
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21 BRI R 126 RGO RHAT R IR
R BT, INH 5 Eto 22 Xt 25 Wtk 37 ¥k, o
29.37%; INH Mif2h+Eto fUBERE S1 8k, 5 40.48%;
INH & +Eto M5 Rtk 4 ¥k, &5 3.17%; INH 5
Eto BURE IR 34 ¥k, 5 26.98%. 88 WRi £ 24 B fk
1, Eto MYy EHE 37 ¥k, 5 42.05%. 38 ¥k INH 5
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HEE 64 Bk, RA%EN 50.79%; oxyR-ahpC []ff7 X 5
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RAFRN 1.59%; 5K INH i 25 . inhA J5 81T %€
AR 11 Bk, RARNK 8.73%; ndh RAFFE 1
PR, RAZEN 0.79%; ¥ INH 5 Eo 28 Xifif 25 .
ethA ZR7AZTR KR 23 tk, RAEFN 18.25%; mshA %R
TR 40 R, KA 31.75%; FEH AL
SYARAYEL, TE Ero i 25 % MR A KB,
WL 2.

&1 PCR P HAMMT514)
Table 1 Primers for PCR and sequencing

FEP 2475 Gene 51YF5) (5'-3') sequence FEPEI 4 1 437 B Position JFHIHJE Length/bp
katG GATCGTCGGCGGTCACACTT 2 154 587~2 155 317 731
CGTTGACTCCCACCCGACT
oxyR—ahpC [8) F& X Spacer re- GTCACGCACTGCACGACG 2 725 776~2 726 454 679
gion of oxyR-ahpC CAATCGAAACCCCCAGGATCT
inhA J5 8l 7F inhA promoter TGCCCAGAAAGGGATCCGTCATG 1 674 126~1 674 259 455
ATGAGGAATGCGTCCGCGGA
inhA ACAAGGACGCACATGACAGGA 1 674 190~1 675 050 861
CGAACGACAGCAGCAGGAC
ethA ATCATCGTCGTCTGACTATGGC 4 325 954~4 327 546 1 593
TGGCAGCTTACTACGTGTCG
mshA GACCTCGAGCGCATTCTGG 575 323~576 840 1 518
GCGTGTCACTTCGGTTCCTG
ndh GAGGTGACCCCGTCAGGAGC 2 101 588~2 103 070 1 483
TTTGGCGTTGGCGGGTGGC

R 2 126 MESRAT R RS Bk INH H1 Ero M 252EH R4 4

Table 2 Mutations of drug resistance genes related to INH and Eto in 126 isolates of Mycobacterium tuberculosis

i oxyR-ahpC ) .

— AL X mhA.Jﬂz:JHc |

Drug-resistant type Isolates katG Spacer region inhA inhA ethA mshA ndh
(n (%) ] promoter

of oxyR—ahpC
INH 5 Eto 58 Xifit 24 7 (18.92)  S315T wT wT wWT wT A187V WT
Cross—resistance to 4 (10.81)  S315T WT wT wT wT WT wT
INH and Eto 1 (270)  S315T wT WT WT R132T, G8ISA"® A187V WT

1 (270)  S315T WT WT WT A207V A187V WT
1 (270)  S315T wT wT WT WT A187V A154V
1 (270)  S315T WT WT C471T * 1037delA WT WT
1 (270)  S315T wT T (-7) C wT wT A187V wT
1 (270)  S315T WT T (-8) C wWT WT WT WT
1 (270) S315T WT T (-8) C wT N379D WT wT
1 (270) S315R WT WT WT 13258 WT WT
1 (270)  A345V WT C(-15 T wT WT A187V wT
2 (5.41) S368P wT C(-15 T wT D362G WT wT
1 (270)  S368P wT C(-15 T WT wT wT WT
1 (270)  F408L wT wT wT wT WT wT
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% 2 (££) Table 2 (continued)

] [y ox?;% lthc inhA J3
Drugoresistant type Isolates katG Spacer region inhA inhA ethA mshA ndh
[n (%) ] promoter
of oxyR—ahpC
1 (2.70)  D419H WT WT wWT wT WT WT
3 (8.11) WT wT C(-15T wWT WT WT wT
1 (270) WT G (-25) A WT WT WT WT wT
1 (2.70) wT G (-48) A G (-19) A wWT G867A " WT wT
1 (270)  WT wT WT WT A598T " wT WT
1 (270)  WT C(-14) T WT WT wT wT WT
5 (13.51) WT wT WT WT wT WT wT
INH i 245+ Eto S/ 13 (25.49)  S315T wT wT wWT wT wT wT
Resistance to INH and 4 (7.84)  S315T wT wT WT G798C * WT WT
susceptibility to Eto 1 (1.96)  S315T WT WT WT P334A WT WT
11 (21.57)  S315T WT WT WT WT A187V WT
1 (1.96)  S315T WT WT WT V409G A187V WT
1 (1.96)  S315T WT WT WT WT A413Q WT
3 (5.88) S3I5N WT WT WT wT WT WT
1 (1.96) S315N WT WT 195L 1051delC G730T * WT
1 (1.96) 1317V WT wT WT WT WT WT
1 (1.96) W328R wT wT wT wT WT WT
1 (1.96) D329V WT wT wT wT WT wT
1 (1.96) W411R WT wT wT wT G730T* WT
1 (1.96)  WT WT WT WT G470D WT wT
1 (1.96)  WT WT WT WT WT V201D, A187V wT
2 (392)  WT WT WT WT wT A187V wT
2 (392)  WT WT wT wT G798C * WT wT
1 (1.96) wT C(9T wT wWT WT WT wT
5 (9.80) WT wT WT wWT WT WT WT
INH AU +Eto i 25 2 (50.00)  WT WT WT WT WT A187V WT
Susceptibility to INH 1 (25.000 WT WT WT WT D362G WT wT
and resistance to Eto 1 (2500)  WT wT WT wT WT WT wT
INH 5 Eto fii 15 (44.12)  WT wT WT WT WT wT WT
Susceptibility to INH 16 (47.56)  WT wT WT WT WT A187V wT
and Eto 1 (294) wT wT WT wWT AS54G WT wT
2 (588) WT wT WT WT G798C * wT wT

E d?@%[ﬂ)‘(%ﬁ, hi’%ﬂf\‘jﬁs{%ﬂin Note: a, synonymous mutation; b, nonsense mutation.

23 ARAGHEEARAAEE L RSN inhd 5
TR INH 5 Eto 38 SUTi 24 B R B9 RAEBUE A 29.73%
(95%CI: 16.44% ~47.17%) , H% 5 B N 100.00%
(95%CI: 87.36% ~100.00%) , E & £ K 63.38%
(95%CI: 51.76% ~73.63%) . INH 5 Eto & i 2 1
PEAI INH 5 Eto BURPHAREY inhA JA 3T RAEF

B, Z2RAGT#FEL (¥=11.961, P=0.001). inhA
H1 ndh 43 BIKE INH 5 Ero 28 Xt 25 itk , REUE
IR 2.70% (95%CI: 0.14% ~ 15.81%), ¢S REE4k
100.00% (95%CI: 87.36% ~ 100.00%) , #EHTELL N
49.30% (95%CI: 38.00% ~ 60.66%) ., INH 5 Eto 3
X 25 F AR A INH 5 Eto SUEE R inhd F1 ndh
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RARIWEL, ZFEGET2E L (}=0.932, P=
0.334; x’=0.932, P=0.334).

3 i it

WroRas iR, INH 5 RFP SUREK Eto M2y
KN 10.53%, 1t 2 25 @tk Ero i} 25 % Ry 42.05%,
Eto M Z5T& K INH MM 254 90.24%, Ui Eto M2}
FRE S X INH i 25, 2010 4EFE Ero BN 25K K
12.9% "5 2016 45t B& Bt 25 4% 43 BT B UM R 2
IR Eto 7EM 2 25 458%9% & Ero THZ5%0 11.2%,
H 25358 K, Eto T 2558805 1 #8878 Eto Al HE
5 Z R PSS R 2T AE S U 2y, i 6 58 S 24 3
PHHA R

inhA %if% Enoyl-ACP i& JFR, AR [ 750 AR ok
Wi R LS — A% FF iR (nicotinamide adenine dinucleo-
tide, NADH) YEFIBHW M BCRATIRIAES S L 0 A
WP, 8% ~43% (1) INH Tt 25 F1 33% ~ 65% [¥)
Eto T 25 1Ifi JR 4> B KR AF A inhA FE R 8R 3h F X %8
A 10131 inhA FERN inhA JE 31 X 38258 75 ] BE &
INH 1 Eto 52 it 25 1 SC B i o ABFSEH, INH
5 Fro XM 2R 11 ¥REAE inhA J5 8h T
g, Hrp € (<15) T RAEARE . FIH inhA JG3)
TRz INH 5 Eto 38 S 24 HLAT ¢ = 145 57 B2 e
Walk, AIYER INH 5 Eo 28 XTHZ5 020 TFriR. i
LA 2 BRIFAR inhA SRt X3 % A2 28 7F , SRR 5E7E 3K
AL T inhA JASNTIX, ToIEFIMHZIERLE 2 Fizhid)
28 L2 1 BTk

ndh 4if% NADH JBi &, 28725 80 NADH ¥k &
B, e 0 S 0RO T P R M RS AT R
B S R T AR T e R M — A AR IR S inhA BS54,
FEHINH M Ero fif 25 ', ARBFRAUL B 1 K
INH 5 Eto 3 X 25w bk 1 ndh K722, HY5 kaG
[ S315T 875 & mshA () A187V 8725 B I B, TG
T 0 W2 5 DR A 28 SIS 24 Hh ) BTk o mshAL 2 i B
WEILFE RS2 5 0 BB U B, 54500k
FFPE INH F1 Eto M 254H5¢ "' AW 34 R INH
5 Eto BURBY G K4 BB, 16 ¥k mshA K4
AI87TV RAE , /N IZE AN T Eto A INH it
2t

W N, katG I ethA JRtS g EE/ER T eno-
yl=ACP & J5fit,  BH Ko A R 1 A= 05 8, 0l &
0 INH Al Eto M2 1, ABFSY 88 MR Z 25 itk
katG 574w, oA TE INH U E R, Hop
S315T FEHABIRAE K E, $e/RFIH katG AR KL

INH gt 7', DE SOUZA %5 U8 g5 s, X Eto
25 TR 2 25 Rk FP A 50% LA FAFTE ethAd 7%, H:
T YS0C i T4531 87255 Eto T 24 19 32 8443 i o
MAKEFE T ethA 1) 5878 (5 A 53 A 7R 5E A G i X 85
IR BRI TN

i LTk, FE Ero M2 R BREE 25 5 B INH ifif
2y, S8 M 25 mT LA RE I R 20 5 AT LS4
WL inkA RS F AT, S5 R R
G2 EATAR R PR . ASHIFSE R % I — 304538 XL
YRR KR DIRFER AR, SRR A AE AR i 22 X
Mt 25 IR N . SR ISR I IAEAS i BT 7R (1)
it 245 AH G FE A
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