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Relationship between capreomycin resistance and related gene mutations in

Mycobacterium tuberculosis in Guizhou from 2017 to 2020

LI Qiu-yang', ZENG Qiang-lin' , CHEN Xiao-jv', CHEN Ling?(1. Department of Pulmona-
ry and Critical Care Medicine, The Af filiated Hospital of Chengdu University, Chengdu
610081, China; 2. Tuberculosis Division, Department of Pulmonary and Critical Care Medi-
cine, The A f filiated Hospital of Zunyi Medical University, Zunyi 563000, China)

[Abstract] Objective To detect the mutations of capreomycin (CM) resistance related genes of Mycobacterium
tuberculosis (M. th) , explore the relationship between genotype and phenotype, and provide guidance for the clinical
use of CM. Methods Sputum specimens of tuberculosis patients with positive acid-fast staining in a hospital from
2017 to 2020 were collected, from which M. tb strains were clinically isolated. Drug resistance phenotypes of the
strains were identified through drug susceptibility testing (DST). DNA was extracted and underwent whole-genome
sequencing (WGS) to detect mutations of CM-resistance-related genes t/yA, rrs, rpsL, eis, Rv0194 and Rv1258C.
Relationship between CM and rifampicin (RIF) phenotypic resistance was explored. Results 123 M., b strains were
isolated, out of which 23 nonsynonymous mutation sites in 6 CM resistance-related genes were detected via WGS.
DST showed that 52 strains were resistant to RIF and 4 strains were resistant to both CM and RIF. Nonsynony-
mous mutation sites (A1401G in rrs, A128G in rpsl, C3293T and T221C in Rv0194) were detected in CM-resis-
tant strains. Correlation between CM and RIF resistance was statistically significant (P<C0. 05). Conclusion CM
resistance of M. tb may be related to the mutations of rrs gene A1401G, rpsL. gene A128G and Rv0194 gene

C3293T, and there may be cross resistance between CM and RIF, which can be used as a reference in formulating
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anti-tuberculosis treatment plan.

[Key words| capreomycin; drug-resistant tuberculosis; gene mutation; whole-genome sequencing; rrs gene; rpsL

gene

%5 3% 9 (tuberculosiss TB) & B 45 #% 2 B 47
(Mycobacterium tuberculosis , M. tb) YL 5| ¥ 1Y 18
PG g it . TS R DR R H T AR T2
TB. 2020 4F i 5 T A 21 (WHO) TB AR 4 i
L2y TB BASET 8 G877 RA L2 K )
PIERA S A R E R AR 2B, W2y TB K
X 4R TB #4287 HERD .

i 2 24 4% ¥y (multidrug-resistant tuberculo-
sis, MDR-TB) #f& TB & & BYL i M. 16 {RSMEIE 52
2/ X S M Bk R 48 S (rifampicin, RIF) fif 24, ¥
il 2 & (capreomycin, CM) 1] i /| F MDR-TB & &
SEALIIE T R E A M.otb X CM AT H At B 77 AR
Tii$ 245 1) B0 45 A% 24 W) A 76 38 ST 245 m] RS i
CM FLas IR TB 8 JEAT i 25 0 2 0 b 22

ot 45 LW, CM JA 97 MDR-TB 2 3 &
F. HEGAy CM J@ o 88 M. eh R B3 1 2
REAM ] M. co 25 B A BT . ML b 4y B AR X 4
1§ CM 7EN B BT 25 % 25 W i Tif 25 1P e A b2 i o
S HE DT A B R R AR T R 2T R
B, rpsLET ey AR st edst121 Rv0194H%
Rv1258C S Sy fie EE 1 CM iif 25 40 C I B L {1
EMMRAERE S CM i 25 4 & 77 76 4 180,
iR 2 Bt 5 A5 X A CM TR 25 41 5 36 [, ik
Z XA b6 AR [F] 53 B, H 22 00 1T 3R G Tl 4
2 Wi (polymerase chain reacion, PCR) ¥ 3% 44 h;
BE DR g R X B 2 3k R A PR R AR T R R 22 T 2
M) S e 48 L o A DR A N T R A b AR ) R A
) T N7 58 B 4 ik TR 2H 0 R I T T R S
B . A RIF fE S — LB 45 % 25 AR il R Al
FABRE 4Bt CM it 25 5 RIF Tif 25 J2& 15 £7 £ Q1K
AR TP CM J2 75 38 F T ) A48 1 T 25 25 2% 0 (rif-
ampicin-resistant tuberculosis, RR-TB) f# # ¥ 45
EAGYIg

ABEFERXS M. eb T bR A2 W) UK 3R (drug
susceptibility test, DST) , 3 $2 BU £k DNA 17 4 %
K £ 9l J¥ (whole-genome sequencing, WGS) , £ il
R 6 4> CMITiR 24 A 56 3 R i 98 22 1§ 00 7R 98 CM
i 25 BE PR 5 R AR SE & DA & CMU T 25 5 RIF i
2 KB

1 HES T ®

1.1 ##

1.1.1 HWHEZKE M. b FrERFE H37Rv, B 57 M
AP LT 4 L A

1.1.2 AR ARE  IE 2017—2020 1 L ERK
=7 B} g 5 e R T IR U 2 BH M P Bt 45 A0 S 3 R A A
L3 2ZRAGNE PNk =R
(cetyl trimethyl ammonium bromide, CTAB, /1
REET REAERAF T B AW KCRAR A LR
HIRAT]D (AR B (Sanland-chem International Inc
28] .1 000 bp DNA ladder (i R 14223 7)) . PCR
Mix CE5 A% 53 B0 FF 31 P 80 43 B 300 & - b o e il
oy A]D) EEAR EE PCR X (3EE Bio-Rad 243 w)) L HLIK
(3 [E Bio-Rad 24 w]) | #E M W AH & 48 (36 [H Bio-
Rad 7)),

1.2 Fi&

.21 Mool K2 B EHRHER B 1~2mL
A AL AL RS 0 I R IR bR A R AE 2 4 IR 1 1
TR R b, 37 CE R B IR AR 55 57 4 ) 3 W A
FAF O 52 BCPH P 35 55 48 Hh T ik O S e AL,

1.2.2 FEMRWEEAN M. bl R > B BT D
BORE X MLoh I IR 5> B AR AT LA A% — L
L DST. (1) i f& e B ¥ K (L)) B Ff 2.
KH,PO, 2.4 g.MgSO, « 7H,0O 0. 24 g MR
0.6 g AWM 7.2 g N =B 12 mL ., ZE 17K 600
mL. ()l # & 25 375 77 3k L] B 3% 3 h 2 il A
TR UER G 25500 2 N S 2 &R E . (3D
PR A 76 1 32 5 mL B 0 HUE R 2 S0 8
A 2,11 mL 5 0.5% kR — 80 4 B £ K ;
PRI F2 W TN S S B B A3 L 20 s, JE A
0.5% M — 80 A= HiEh /K IR E A 1 mg/mL; I HL
10 pL B GREE 1 mg/mL) INA B O N, 15 5] 1k
FER 102 mg/mL B FFEC 10 p L B Ok BE Ol
1077 mg/mL) AR 55 1 LB 08 N5 B E N
107" mg/mL WK . (M LK. BkE % &
102,107 mg/mL B 10 pL #EM7E 4 4 L)
Rige st bR R 5 2l e & 2 AL il A 37 C
BRFRAE 0 DA ME WA KIS . (5) M 7% A=
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Table 1 Drug concentration of medicated medium

R BRI
LR ST A % 5 e iz 3733
(pg/mL) (pg/mL)
BEWY — 2 — RN (TCH) dH,0 500 5.0
X il BE 7K F R (PNB) DMF 500 0.5
75 % (SMD dH,O 800 4.0
RARE R (KAN) dH,0 3 000 30.0
By ok A (AMK) dH,O 3000 30.0
% il % R (CM) dH>O 4000 40. 0
PGP A (MFX) dH,0 1000 2.0
Ze R B (LFX) dH,0O 1 000 2.0
fnE v 5 (GFXO dH,O 1000 2.0
Fl 48 (RIF) DMF 4 000 40.0
5t MR HE (INHD dH,O 200 0.2
& T WE(EMB) dH>O 1000 2.0
X B KB ER N (PAS) dH,0 1000 1.0
N 57 A i (PTO) DMF 4000 40.0
1 : DMF Sy — P ki
1.2.3 M.:b DNA W# R G w@HEE (DEREESRE

BN M. b W% E T INA 400 L 1 X TE % EP
B, 80 CAKIEHE KT 30 min J5 A 20 pL %16 i
VW (50 mg/mL), 37C KB 46 ik & > 2 h,
CTAB 28 DNA {5 PCR #1 WGS 1§ DNA #
M, = 20 CURAAARAT . (2)%F ) A TR &5 4% 43 A AT T 45
SRS 518 mtb1 (57 —>37 : ATAGGGAAT-
GCTCGGCAAC) il mth2 (57 =37, CAACATC-
GACGCAGTACCO) , M 4fs 45 % 4y B B & & BE
S e 81 1S6110 B it 514 1S6110-P1 (57 —>3 7.
TCAGGTCGAGTACGCCTTCT) Fl IS6110-P2(5”
—>37 . CGTCGCAGAGATCCGCGGTC) , i il M.
tb PCR Mix §"34, 7= ¥4 Wl &y 361,850 bp P4 H
B ] % E W AT M. th,

AR 2 BRI A 3 SR [ R BE B R
P 2 S0 25 W AR ) S e 3 X R AR Wi AR v
1 B H S 2
1.2.4 H W 2. £ 25 (multidrug-re-
sistance, MDR) . JZ it 2§ (extensively drug resis-

tance, XDRO JJ Wi i 2 BSCHERL1].

1.2.5 WGS (1)DNA RSN %I 5O 3 A YR
AR A 3547 WGS, ffi ] illumina — A0 77 7
£, CTAB BB M. b FE R 4] DNA 1 S B H F
1 DNA R B SCE A XU ¥ (Paired-end Se-
quencing) , & IEEAE A 200 18 M. 26 P 41 /9 I 1y
WHE B AL (AR 1 G Bl /R AD i I8 5 4% ok
(adapter) MR 5] (index) J7 41 J5 73 3 29 150 bp 3K
(reads) P 4. (2) 8046 i #2 . Trimmomatic #K {4
i g WGS J5G Fastq SCHF IR BT & reads; )
A reads 5 M. tb %7 #E B #f H37Rv (GenBank
AL123456) 2 [N 4] X, i if MTBseq i #2 Cht-
tps://github. com/ngs-fzb/MTBseq _ source) 43 #t
M. th B [N 2H B0 45 7 55 A v B8 (coverage median) ,
coverage median<<30 BYECHEHERR A . (3) $EHCH
B MR Z &1 (SNP) 51 - i il ubuntu (illumina)
% 4, Picard-tools, BWA, GenomeAnalysis, sam-
tools ZF AL H | — 20 BRARAG 9 B ds » 48 O 56 1
A LR ZH i SNP JP 41, (4) K il 28 42 £ : SNP
JF 50 [ A5 fE B PR LG X, A CM it 245 AH ¢ 5 A
tiyA . rrs.rpsl.eis.Rv0194 F Rv1258C J¥ 51 N HY
RAFNL AT . (5)ZRAZ AL NCBI W 3 b X 28 28 47 14
AR () 52 A B o 8 A8 S T (6) B N BT R E
BLAST Fe O 45 I 31 9 2 D 5 A2 5 2080 1o © A7 2K
P R R AL B E R I

1.3 itk N SPSS 23. 0 B %t $ode ot
TR R R OT R e 20 A CM i 25 5 RIF 3%
YT 24 S A5 A7 AE B K 3 K o = 0. 05,

2.1 HHEFRH>BHADST R LI 123 #
M. th 1l PR3 B AR o X U8 % — 2l 2
SR 68 Bk L2l 55 Bk TR 24 B AR P L S R AR T
(rifampicin-reisistant, RR) 2 #f, £ 2§ 4 £, MDR
49 ¥Rk, & 6 £ XDR, 123 ¥k @k H .6 #k CM DST
e, CM U 113 Bk, CM Tiit 25 4 %, H 3425 MDR
(& 1 Bk XDR), RIF i 245 52 £ (2 ¥k RR 1 #k 2 i
25 .49 # MDR.MDR #1746 # XDR). CM i 251
Pk DST g5 R WLIE 1,
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T NZE M A543 B2 1072 mg/mL % 41,1072 mg/mL & CM
294,107 mg/mL X M2 1074 mg/mL & CM 25441,
B 1 AR A M. b Bikk DST 45 1K
Figure 1 Drug susceptibility test results of M. tb detected

by solid culture proportion method

2.2 HHRCM At AN R EH UL x5t 2h
A WGS Bl BRI A B AR R I cdyA R
A33G [i] L% K Rv0194 3P T221C 3 [i] L %€
75 s Rv0194 £ [H C3293T HE[R] X R 2548 77 ¥k # Ak
sk CM TR 245 B Bk o 46 5 rps L BE TR A128G
A ) X% 78 1 T bk (16, 3%,20/123) 1 CM it 25 3
PR, CM fIUER 14 Bk, F4x CM g DST 2R rrs FEA
A1401G RAFH K (1. 6%, 2/123) ¥y %t CM i 25 5
rrs B A908C, rpsL K A263C, Rv1258C %t A
C1065T Jz Rv0194 HEFH C1810T 2745 i 1 #k CM
19 DST S0 H Ay 28 Fh 58 48 26 0 1) T8 bk $ % CM
U, Wk 2,

R2 123 Bk M. ob BIRRRASL AL CM 25 5 5 K ST 18 175 B0

Table 2 Mutation sites, CM drug susceptibility information and literature reports of 123 M. tb strains

rrs G5T - -
A514C - -
A908C - -
C1236T - -

A1356G - -

A1401G - -

2(1.6) 0 2 ¥&
5(4.1) 0 5 [2]
2(1.6) 0 0 [17]
1€0.8) 0 1 ¥
1€0.8) 0 1 P
2(1.6) 2 0 (5]

eis G11A ACC—ATC Thr4lle
T501G AGA—AGC Arg167Ser
C1122T CGG—=CGA Arg374Arg

1€0.8) 0 1 pn
1€0. 8) 0 1 X
2(1.6) 0 2 ¥

Rv1258C C55T GCG—~ACG Ala19Thr
C57T GCG—GCA Alal9Ala
C322T GTA—>ATA Val108lIle
C633T GGG—~AGG Gly211Arg
C1065T CTG—CTA Leu355Leu
G1240A CCC—TCC Pro414Ser

1€0. 8) 0 1 &
1€0.8) 0 1 ¥
1€0.8) 0 1 ¥
1€0.8) 0 1 ¥
2(1.6) 0 0 ¥
1€0.8) 0 1 =
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%% 2 (Table 2, Continued)
R Gerts e worm wemae o0, CTRARRED COMEIRREGD
Rv0194 C93T ACC—ACT Thr31Thr 1€0.8) 0 1 I
T211C ATG—~ACG Met74 Thr 123(100) 4 113 #
292G CAG—GAG GIn9sGlu 1€0.8) 0 1 o
A571G AAG—>GAG Lys191Glu 1€0.8) 0 1 I
C633G TTC—>TTG Phe211Trp 1€0.8) 0 1 I
C661A CTG—~ATG Leu221Met 1€0.8) 0 1 o
C752A GCG—~GAG Ala251Glu 1€0.8) 0 1 b
A1384G ACG—~GCG Thr355Ala 4(3.3) 0 4 e
C1810T CCC—TCC Pro604Ser 1€0.8) 0 0 I
C1985T TCG—~TTG Ser622Leu 1€0.8) 0 1 b
C2308T CTG—~TTG Leu770Leu 1€0.8) 0 1 ¥
T2575C TGC—~CGC Cys859Arg 1€0.8) 0 1 ¥
G2814A TTG—TTA Leu938Leu 1€0.8) 0 1 o
A3133G ACC—~GCC Thr1045Ala 1€0.8) 0 1 I
C3293T CCC—>CTC Pro1098Leu 77(62.6) 4 73 #
T3395A TTG—ATG Leul132" 1€0.8) 0 1 o

H:LeuGRERR) » Ala(NE R - Val (Bl 2R - Pro(Jli 2 FR) » Thr (FR M) » lle (R L AR » Arg U AR » Ser (22 R) » Lys (i & ) , Gly
CH&E®) s Met (F FLE B , GIn (& B  Glu(H 2 12  Phe CRIF & ) » Trp (A% 1) , Cys CEME A B s # AR LM F %45 T 115 BLAST
s B B TR K s — AN rrs SER ST 16S tRNA, R G5 23 (5T JoAH N A0 7 VR IR s+ R KL% T

2.3 CM & HAARREHALL 2 CM
it 25 bk s FEH A1401G 2875 ,3 £k CM i 25 B Ak
rpsL JER A128G k] L2748 . 4 #k CM i 25 14 bk
ke Rv0194 3LP C3293T . T221C dE ] X 58735 &%
tlyA B A33G 7] X 5e7E . L3k 3,

3 CMITH 24 B b i R A ¢ 3 LE X

Table 3 Comparison of the genotypes and phenotypes of
CM-resistant strains
B CM Tiif 25 B (n = 4) CM R B bk B
WRR 1 OWIBR2 WBRS wibk4 (0711

rrs A1401G - + + - 0
rpsL A128G - + + + 14
Rv0194 C3293T + + + + 73
Rv0194 T221C + + + + 113
tiyA A33G + + + + 113

T+ AR I H R s — RRARAGI BN R H R

2.4 CM 5 RIF 2 & afghA kB4 CM ity
FARE O RIF i 25, CM 5 RIF & B 25 bl CR
H Fisher i UJME A0 , 22 5 HA SR it 27 3 L (HI Bk
ZEr=0.228,P=0.022), W3 4,

Fz 4 CM 5 RIF fif 25 R B 5G4 # (BR)
Table 4 Correlation analysis of drug resistance phenotypes

between CM and RIF (No. of isolates)

CM
ifif 245 % 54
[ESES R
RIF it 24 ¥k 4 42
OB AR 0 71

3 itig

N A X O TR E TB A X, 38 SRR K 2
B 5 e oA R AR = H 25 B o BB A RO R B AR
WE, RN E B 123 tk M. b 35175
Zi2i ) DST, Hrf 6 #k CM DST k1. CM #
B 113 BRL.CM i 25 4 Bk s RIF U8 71 #% . RIF i 24
52 Bk, WGS L4 5] rrs FEPH 6 A EAE, rpsl,
Rv0194 .eis.tlyA Fl Rv1258C L H Y 8 4 [R] X 5 28
23 AR LRAS , 13 BRI (10, 6 20 Kt rrs S
6 AT 14 € A8 437 45, Hovlt A1401G 3 ] 5 A5 %
H.6%(2/123)  HSEEEMF 5 AR AT, HA S
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A CM i 245 A 56 56 PR A [A] SO 28 45 B0 BN F = 20 Bk
(16. 3% Bk rpsL HEH A128G €745 ,6 Bk (4. 9%)
A263G 2878, tlyA HH C86T 5278 Leis HH G11A
1 T501G 2245 rpsL H A A263C A8 B B 1 bk
(0.81%) . rpsL BEPH IR GEAR 15 1L 5 BEAE B 551
—F, K Rv1258C K C55T.C322T.C633T #il
G1240A 7454 1 #£ (0. 81%) 434 T 4 M AR Y
PERE T A AR YRt Rv0194 JEH T221C 5848,
77 #R(62. 6 %) Kkt C3293T 2875, 4 #4(3.3%) K4
A1384G 28 45, H 4 292G, A571G, C633G,
C661A,C752A,C1810T,C1985T,T2575C,A3133G
F1T3395A 7484 1 #R0.81%) . B FRRE 0
FEH 2 A8, ARG 1 KR B eis PR AR ) SC 5878,
Rv1258C %t [ C55T, C322T F#l C633T 4 4%,
Rv01946 #£ [ C292G. A3133G, T2575C, C661A .
C1810T., T3395A. A571G. C752A. C1985T i
C633G 275, DU K rrs P A1356G,C1236T,G5T

CM it 25 B AR H rres B R A1401G . rpsL FE A
A128G . Rv0194 K [H C3293T Fil T221C 5845, rrs 5t
A1401G Z7AXAE CM i 25 B AR A M L 7R T2 R
ARRAITT R CM T 25 fE T B &R 5 2 TR 5
SR —30 HAZ R AR AT RE L 5 R R Bk R
B 2580 56, aIAE W AE B CM, R AR5 &= L Bl oK
R 25 0 5, i CM Tt 2 B Bk R0 4y
CM HUR G AR A ) Rv0194 JE [ C3293T, #2781 R
AR HE S CM it 25 A0 O¢ . (H 38 75 W] iZ %€ 2 72 CM
TR PR AR 2B T R S B 25 7 AR M BLTR . s R
A128G 78 Bk HAE CM USR5
Zhao %FIIHF Y LR AR AL S CM i 25 7] BE A7
TERIR I Al BB 4R 2 Wl 1 28 1 25 A 26 iy 58 X
it 245 8 A5 s Rv0194 JE P T221C 28 48 78 fiF A1 1 bk b
WK AE RS CM 25/ 56 5tlyA 5K A33G
R LA, 25 s CM i 25 T 56 5 Al 3% A 28 A8
BITE CM U Ak A iy, 5 O R 2 8Pk,
ZEE CM 2y Jo OBk, 28 b fr ik . A 0F 5% 4 Wy
CM it 25 vl 685 rrs 3t A1401G, rpsL F&
A128G il Rv0194 LR C3293T RAfELE — & 5
K, DL BP9 78 W] A Sy CML T 245 15 038 A5 (HAS fiE
HIE B A Ay A 45 4% 25 ) 58 ST 24 40 05 1) m e
Il PR A2 e E LA R YT T B aES %, it
A AR KB T AT AR IE R Y B R AL s R
H T R A B 2 58728 5 CM R 24 A0 56 400 AT R
FEH 238k i — B Rk .

RIF g — B 45 4% 25 ¥, SR i H A I IR 2 8 30
K # RR-TB % ,CM 5 RIF i 2548 ¢ 14501 4 BY
F CM it 2 %525 &% RR-TB & 258 5. A5
o M. b I R 2 B B Ak CM K& RIF iy DST 45 1 4¢
HaFr B, CM F it 25 5 RIF 3= 8 25 47 78 A
S AH G AR B — i, FLARBIESE o CM i 25 7 B
14tk BEA R D R R DUIE 52 RR-TB 8 3 X
CM i 245, e Z 16 PR FH 2546 5 38 305 JG 8238 7 i Kk
AR CM 5 RIF fif 2541 56 . CM it 25§11 Jr
18] AW FEALET X 6 A i T8 2o 14 it 245 4 OC & R i AT
WFIT s RIRA T i ax 28 FE R Ry o — 2R b 45 1%
258 S 245 5 )R] R L T A S S g Pt — R
To BEAR R T AT AR S 0 8 AOE 20 a0 K 2k
HAb T BE 2k 2848 580 CM T 25 7 1 J FF i 5

ABEFEXS 123 Kk M. b It R 53 8 B Ak 47 CM
FRIGILFR, DL K CM Al RIF DST #5434 s
TIE S B MR A7 8 X ML At 30 45 4% 25 W) 58 L it 245
A AR I R A 35 76 6 8 B4 A% 6 97 7 Rl fE S
%, Ja g ik — 2 U CM T 25 B DL &
CM 55 HAh L5 1% 259 )2 B AAAE 38 T 24

R R IA A FARAEEA LR,

(& % x k]
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