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[Abstract] Objective To analyze the mutation characteristics of isoniazid (INH) resistance gene of Mycobacteri-
um tuberculosis (MTB)in Guangxi region, and provide basis for molecular diagnosis of drug-resistant tuberculosis.
Methods 122 INH-resistant strains and 530 susceptible strains were obtained from the MTB strain library collected
from 30 tuberculosis drug resistance monitoring points in Guangxi region, and underwent whole genome sequencing.
Results Among 652 strains of MTB complex group, 127 (19. 48%) had INH resistance gene mutations, including
katG (15.64%, n=102), fabGl (1.69%, n=11), ahpC (1.07%, n=7), kasA (0. 61%., n=4) and inhA

(0.46%, n = 3) gene mutations. The coincidence rate of INH resistance phenotype and gene mutation was
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90.03% , and the coincidence rate of INH resistance detected by proportional method and gene mutation detected by
gene sequencing was not high (Kappa=0.677). There are 19 types of mutations, with single locus mutation ac-
counting for 96. 85% and combined mutation accounting for 3. 15%. The locus with the highest mutation rate was
katG315 (71.65%). The proportion of base change in the form of AGC-ACC was the highest (12.13%). The pro-
portion of mutations in katG., ahpC and kasA genes in INH-resistant strains was higher than that in susceptible
strains (all P<C0.05). There was no significant difference in the proportion of mutations in inhA and fabG1 genes
between INH-resistant strains and susceptible strains (all P>0.05). Beijing strains and non-Beijing strains had the
highest mutation rates of katG315, which were 18.75% (81/432) and 4.55% (10/220) respectively. Difference in

distribution of mutation loci of katG gene in two genotypes of strains was statistically significant(y* =16.253, P =

0.039). Conclusion The mutation of INH resistance gene in Guangxi region is mainly at katG315 locus, and the

INH resistance phenotype and gene mutation are not consistent. Mutations in katG, ahpC and kasA genes are asso-

ciated with INH phenotypic resistance. Beijing genotype is associated with the mutation of 2atG gene.
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30 min K& B K6 B BCTE 4B S 4 SO EUOE
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14 55 3 A o P BEORE R 238 RS B LU R AT SR T4
AL LR K30 51 Fisher VIR, b
A5 B3 2 B T INHL i 24 5 35 PR e 4 0 INH
SR 5 A8 Z [ AT — 80 Kappa KiK. Kappa =
0.75 NP E W& R . KR K « = 0. 05,

2.1 ABEMBELER X652 #k MTB & & #f 1 #k
BEAT AL AL 5, 45 SR R, R R A I INH
it 25 9 R A RE A 75. 4106, FE S R 93,40 %, IE 1
BECR 0,69, BHEERLSR LL o 11, 43, BT HERLAR LE Ry
0.26 . FF A& H 90, 03% . B % 3 BRI e fiif 25 2% [
708 5 L gk 2 ORI INHL T 25 45 51 L 2% R B 41t
FE Y (McNemar f: % P = 0. 620), Kappa {H =
0.677, W1,

2.2 MTBINH & %A B EE 5 A HEL ML
R IR 652 #f MTB I R 43 Bk 127 4 (19, 4800)
BT RR AR, AL 5300 R katG(15. 64,

RSP  2h Ak R 5% A 5 L ) 12 25 R D TN i 24
ZER I
Table 1 Comparison of INH resistance results between gene

sequencing for drug-resistant gene mutation and

proportional method drug susceptibility

Fb Bl 7 25 4
FE R it
INH it 25 INH U
INH ifi 24 3 PR 2 2% 92 35 127
A& HE INH Tiif 245 36 B 28 48 30 495 525
At 122 530 652

102 #k) . fabG1 (1. 69%, 11 k) .ahpC (1. 07%,7
FR) kasAC0. 61% .4 B Fl inh A0, 46% .3 k), %
TG A 19 B, DLEAT g5 2848 325 5 96. 8596 (123/
127) A S 28748 5 3. 15% (4/127) . 16T A 2878
HIAL T s kar G315 A A5 548 BT o L 91 B s
71.65% (91/127) . ok g fabG1 — 15 {3 g5.(7. 87 %
10/127) s katG315 F fabG1l — 15 BN 5748 | g
ARF) 80.31% ., WLk 2,

F 2 INH i 24 3 R 28 48 7 543 A 18 B (n = 652)

Table 2 Distribution of mutation loci in INH resistance genes (n=652)

e ZEAE L T3 1 i 2 G R 1Y LR S8 T R &t 7 L (20
1 katG127 CAG-CCG AR - E R 1 1 0.15
2 katG138 AAC-GAC KA — R& AW 1 2 0.31

katG138 AAC-CAC KA BN — AR 1
3 katG142 GAC-GCC REAM - HEm 1 1 0.15
4 katG315 AGC-AAC 27 R - REAAR 9 91 13.96

katG315 AGC-ACC 2 H R~ AR 79

katG315 AGC-GGC 2258 — H AR 1

katG315 AGC-AGT 2 Z R~ 2 AR 2
5 katG335 ATC-ACC TSR - AR 2 2 0. 31
6 katG461 CAG-CCG A5 B - IR 1 1 0.15
7 katG735 GAC-GCC KEHAM - HEm 1 1 0.15
8 kasA312 GGC-AGC HER - 2= 3 3 0. 46
9 kasA121 AGG-AAG KGR — HER 1 1 0.15
10 fabG1 - 8 C-T = 1 1 0.15
11 fabG1— 15 CT - 10 10 1.53

12 ahpC-48 G-A - 1 1 0.15

13 ahpC-52 CT - 3 3 0. 46

14 ahpC-54 C-T = 1 1 0.15

15 ahpC-81 CT - 1 1 0.15

16 ahpC-81 + ahpC-54 C-T+CT = 1 1 0.15
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%% 2 (Table 2, Continued)

Fs RAZL B 980 114 B AR F LR 1 U RABWHRE A ®BERHCOD
17 katG315 + katG317 AGC-ACC + ATC-GTC 2R R - BRI R RIS - AR 1 1 0.15
18 katG315 + katG315 AGC-CGC + AGC-ATC 23R - MRARL AR — 5w AR 1 2 0.31
katG315 + katG315 AGC-ACC+AGC-AGA  #%HR - HRAMRZLER - KA 1
19 inhA-15 C-T - 3 3 0. 46
b = = = 127 127 19. 48

2.3 katG R EAAE 7E 122 fk INH Tif 25 8k h 84
B 68.85%0) KA katG 3R 28745 ,530 # INH &
PR 18 #k (/5 3. 40%0) KA katG F: 1K 2878 . INH i
itk katG BN AL A9 g T U R (5 = 21,886,
P=0.005), &7 W i &5 &5 1 60 A katG315,
katG315 AT 548 3 AE INH i 25k (63. 93 %,
78/122) i F U bR (2. 4526, 13/530) (7 =
312.154,P<<0. 001) . katG315 3 f5 % 3L 25 1k LA
AGC-ACC JE =t 1 fe i (120 13%,79/652) 5 1
INH ffit 25 8k v b %k 56. 56 %, 76 4 80U bk v %
H1.89% ., W 3,

% 3 INH it 25 FUs MTB karG 5 [H 58 725 FRE
Table 3 ~ Mutation characteristics of katG gene of INH

resistance and sensitive MTB

~48G-A, = 52C-T, - 52C-T, - 54C-T, - 81C-T;2
bR iU R RATE A0 - 52C-T, - 81CG-T +
= 54C-T.ahpC FEMT 251k 1 i 248 HE A (4100 & T
BB (0. 38%0) (57 =9.662,P=0.002), L3 4,

x4 INH fif 25 FHUR MTB ahpC & [H 5748 R AE
Table 4  Mutation characteristics of ahpC gene of INH

resistance and sensitive MTB

ahpC INH #5558 INH @8558
g EER e (= 122) BHCY an= 530)
— 48 G-A 1(0. 82) 0C0)

—-52 C-T 2(1.64) 1€0.19)
—54 C-T 10.82) 0C0)

- 81 C-T 1€0.82) 0C0)

-81+ —-54 C-T+CT 0C0) 1€0.19)
&l = 5(4.10) 2(0. 38)

JMG WL AL INH fif 255825 INH SUS 28 3

AR, WA (n=122,%) HRE (=530, %)

315 AGC-AGT 2(1. 64) 0(0)
AGC-ACC 69(56. 56) 10(1. 89)
AGC-AAC 7(5.74) 2(0. 38)
AGC-GGC 0€0) 1€0.19)

127 CAG-CCG 0€0) 1€0.19)

138 AAC-GAC 1(0.82) 1€0.19)

142 GAC-GCC 10. 82) 0(0)

335 ATC-ACC 0€0) 2€0.38)

461 CAG-CCG 10. 82) 0(0)

735 GAC-GCC 0(0) 1€0.19)

315+315 AGC-ACC+ 10. 82) 0€0)
AGC-AGA
AGC-ACC + 1€0.82) 0(0)
AGC-ATC

315+317 AGC-ACC+ 1€0. 82) 0€0)
ATC-GTC

At - 84(68. 85) 18(3. 40)

2.4 ahpC REHIE 7THREAET ahpC FH R
ROBE R H, 5 Bk INH T 25 8k, RATE X4 5 R

2.5 inhA.kasA 5 fabGl1 ¥ R B 44 3R (L
0.46 %) B4 inh A JEPH GEAS T Bk opr 8 A8 g 3
inhA-15C—T, J o 2 #k iy INH fiif 25 k. 1 ¥k K
INH Utk s 11 bR &4 fabGl R R H .1 Bk
fabG1l — 8 i J R A8, 10 #f K fabG1l — 15 fif A %
A% 4 INH BUSRE . 4 Bk (0. 61%) K 4E kasA %
RIS AZ bk b, 3 kSl INH T 25 0k, 28 28 A i 31 8
kasA312,1 Bk INH Uk . 2874507 5K kasA121,
78 INH i 25 ¥ P kasA 5878 Lo ) 5 T UR KR (o =
5.074,P=0.024), W35,

2.6 FRREAMRA MTB INH & 2548 % % L £ & 12
B 652 ffk MTB & S5 BER AR, 432 Bk db e
FER T, 220 #EOM AR L 5T L R, R R Y TR A
rh L SRR L) B e B AL AR YO RarG315 ., JE 5 AR L R
Jemi#k o karG315 58 48 R L 4 Bl 18, 75%
(81/432) \4.55% (10/220) , ¥ e 5 PR 75 1 ok 9 728 {7
M. Z S A G ¥R L (y° =32.507,P =
0. 003) . Hopt katG G5 i 43 A LU 3, 22 52 A 4t
RN (7 =16.253,P=0.039) . W6,
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&5 INH 25 M & MTB inh A kasA 5 fabG1 EH %
S FEAE
Table 5 Mutation characteristics of inhA, kasA and fabG1

genes of INH resistance and susceptible MTB

e _ INH {25 INH 08
ol B ommm denmmE 2 P

h i s (% ,n=122) (% ,n=530)

inh A 2(1.64) 1€0.19) 1.940 0.164
inhA-15  C-T 2(1.64) 1€0.19)

kasA 3(2. 46) 1€0.19) 5.074 0.024
kasA312  GGC-AGC 3(2.46) 0C0)
kasA121  AGG-AAG 0(0) 1€0.19)

fabG1 0(0) 11(2.08) 1.476 0.224
fabGl—-8 T-C 0¢0) 1€0.19)
fabG1-15 C-T 00 10(1.89)

Fz o6 AEIFEEAE MTB INH fif 24 46 ¢ FE B A 5 1% 5375 44 1%
Table 6 Distribution constitution of MTB INH resistance-

related gene loci in different genotypes of MTB

Seris JEHTHkR (= 432) Ak 7k (= 220)
FE
BLrt bk emROD  WHRE REROD
katG 90 20. 83 12 5.45
315 81 18.75 10 4.55
127 1 0.23 0 0
138 2 0. 46 0 0
142 1 0.23 0 0
335 0 0 2 0.91
461 1 0.23 0 0
735 1 0.23 0 0
315+ 315 2 0. 46 0 0
315+ 317 1 0.23 0 0
ahpC 4 0.93 3 1.36
—48 0 0 1 0. 45
=52 2 0. 46 1 0. 45
—54 0 0 1 0. 45
- 81 1 0.23 0 0
-81+ =54 1 0. 23 0 0
inh A 2 0. 46 1 0. 45
- 15 2 0. 46 1 0. 45
3 itig

INH i R FI 0 — &bt 25 4% 259 . 3d 3 1
MTB karG F X 2 5 1) i S804 S0 — o %A 1l 0% 1
FREWA R . B R B S B INH 2y i %

I N katG.ahpC 5 inh A, B katG FH 5
578 B A B 80, 31% ., Isakova 2D F 9% & .,
91.2% Y INH Tif 252848 & 2T katG 3£ 7% Kk
T inhA WA 8% AT ahpC N, U5 0T
652 #k MTB #4742 Jk B 2410 7 » 45 5 B 7R . 127 #%
KR 5 INH i 25 3 R 5 R R FF 5 R
F90. 03 % (587/652) , L 9 32 25 A I INH ifif 24
5 35 DR 0 ARG T PR 2 AR 2 T ) 2 R — BOR R
5 E WA Bz 4 8 INH i 245 L6 0] 78
R IR B AT 3 RS I B AR 47 INH it 2
1) 53T 12 Wi B o B 984325 iz b X INH i 245 356 [543
SR AR ) 38 A AR b X INH i 24 35 5 43§
LW . ISR INH T 25 45 206 1 43 1
W AR LX) A P B AR R .

katG KeP 978 25 S 8 INH &% K. £ E %
W T 80 MTB X INH i 25 g Ik
9, INH it 25 5 katG315 7 55 9 R 48 HA % Y1 %
R AFH XA INH EAR T karG 5 H 2848 RAR
] 2 A8 v i A 22900, 1 P M IX R INH B Bk
katG315 i 5 28 A5 % 63. 93 %, ik F R i)
I 69. 74% .70, 78 % . 5 5k ik ik &7 BF 5% 45 R
(63.2Y) A . 125 T Luo ZE1 4 38 i 25 31 (56. 1%)
M Isakova &1 98 45 3 B 7R, katG K H 58 48 1F
INH Tif 258k H 9 o5 bk 91, 2%, AT L karG 3 A
B 278 L B A7 7 B S R M X 22 5% . AR BF 5 R,
katG R %48 £ 2 & AT INH it 25 bk, 28R
AR ELE N AGC—ACC, 5 56.56%,18 ¥k (3. 40%)
KA T INH B8 pk, Horb 32 20 58 78 pg s Oy
katG315AGC—ACC, 5 1. 89% ., 5 Georghiou &
R 518 — B0 INH BUS bR karG315 i fi =48
2.76% (7/254), A K AL katG315AGC —
ACC, Ut BIZ AL 5k 3 28 A8 T X AE A [F) b X AT — 28
AR » 25 BB A i Bk 3 58 B T U mTAE N katG
B R 45 78 A0 5, o INH T 24 6943 712 W 2 4t
AR A A

ahpC FEPR 2 3 S Ak S0 B i 1 25 48 58 B, 3
A0 5T 34 T 240 M P 5 b ek AR IR, LA R A
. ahpC i g 2728 5 INH BTl 25 4 B8 19 A1
LT R MX MTB ahpC 3R 1y 28 745 % K 58
AL AN TR BWFFERY BR . ahpC R B 2748 N
102 s KK ah pC-52C—T i g (245, H R &5
WFIREE R BN ahpC FEH I RAEFEN 3.69% . F
FoVL 222 B 98 45 B R ahpC B B & 28 R N
7.84% Hoh ahpC-52C—T fif S ZEA5 5 0. 98 %,
Flores-Trevino 22 Bf 98 & 7% » Tt 25 bk ahpC 2745
Al 2650, ARBESE Bon . )P X INH OB Bk



Hh IR R e P i A A 2023 4F 3 A 5 22 5 3 1

Chin J Infect Control Vol 22 No 3 Mar 2023

« 285 -

ahpC (AR Hy 4. 10% ,ah pC-52C—>T {3 5 11
FRARLE INH it 245 i Fl AU bR h 25943 & A BB T 7Y
X INH T 25 ah pC 3 F 28748 11 B B A — 22 4
TE s AR AR A #E 1T 73 2 Wi B R B & B H

inh A JE R FE A A O 3R 5K 09 0k R Ik 2k 1R 2R O
I 5 L AR TR R 45 G B A TR R 2 5 A% T A
BE NG BRI F R 2 — 5 5 0 025 A% 1 20 R
PRI E . ARG R BoR, )P IX MTB
inh A ZRAZHF N 0. 46 %, RANL S 4 — 15C—~
T. e S5MEMET R inh A AL 05— 5
H 5 A5 L A28 IR T SCHR B o 25 AN [R) H XY inh A
S 588 B B AN ) R A 0T BB 5 A L X MTB
FARVMN 25 K A 6. BuAh , AWF5E R KB inh A
FEF %A 5 MTB (1) INH it 25 2 B fFE 0 LB, 5
FHSEHF 52 MRAE ) inh A 252 m MTB () INH
i 24 3 U 45 AN — B0, T fE 2 T b SR 3 RN AE AR
SRR T B 5 A R TR A M X inh A S
&5 MTB & A INH i 25 #9417 56 v ot — 25 19
REGEWIE . kasA IS 50 BRI LD A K H
B Ry 4 REFF TR 40 R 11 — o 4L B 4 » ) AR 4
AN L RE . ARBESER fabGl S H B F INH 8
KR 5 MR GE fabGl FEH 0 INH
it 2545 /A — B0, % HFT kasA 5 fabG1 AH L WF
FEHD ALK A7 T R i — 2 IR AT, DASE
— WA INH #1255 TP .

e AR Z B E R S X IS Wik, 5
it £ 24 45 (MDR-TB) i) & B M4y % 0] . 5 2 4%
W) DA R G EER . AR R katG
H DR AR 1 4 A A b 3 DR 78 A b T 5 DR R fk
FAEE 2SR . Gupta 2PV 98 20, Jb o B B Bk 5
katG315 {3 1 1 7 S5 1 T 25 28 78 4 W 5 1% S K 1k
Zhang U2 i 53 vh [H it 22 25 MTB, & Bk 5t & A
RV R karG 2 748 (03 28 155 T AAE b 5t 18 #k s — I
Xf e MTB 3 R 43 B 0 B 52 45 S R W kat G315
7 1 28 A8 78 b 50 o i He B g T AR L T R

AHIE 5 38 1 4 3 I B R B )T P X
MTB INH i 25 () 53 FHLi - & BUA i X INH i 24
Bk A 2 R AT karG B 315 i f,
katG.ahpC 5 kasA FEHRAS 5 5 400 ik 2 #U it 25 B
A AE AN A B 5 karG 3 R 9 98745 B A M
Kot A28 8 0 4 T MR A A TP M X
INH ifit 25 5 43 FFAE » R 12 b X 25 45 #2000 0 4 1
W FR T $EE— B AR

H b R THEHN FRARAEEA YR,
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