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[Abstract] Objective To investigate the drugs-sensitivity spectrum of multidrug-resistant
tuberculosis (MDR-TB) in China and provide a scientific evidence for the drug selection in clinical
therapy and the control of MDR-TB. Methods A total of 167 strains of MDR-TB were included in
this study. Every strain was genotyped by /ysX gene sequencing and their sensitivity to 13 different
anti-TB drugs was tested by using MicroDST™ and BACTEC™ MGIT 960™ liquid-culturing method.
The association between drug resistance and genotypes as well as cross drug resistance was also
analyzed. The results were analyzed by means of the comparison of enumeration data between two
groups with y° test. Results The overall resistance rate of 167 MDR-TB strains to 11 anti-TB drugs,
except isoniazide and rifampicin, was 95.81%, the rates of pre-extensive drug-resistance (pre-XDR)



FRARTATINF 245 2020 4F 5 A45 41 8555 Chin J Epidemiol,May 2020, Vol.41,No.5

and extensive drug-resistance were 31.14%(52/167) and 6.59% (11/167), respectively. The streptomycin
resistance rate of Beijing genotypes was significantly higher than that of the non-Beijing genotypes
( x*=30.682, P<<0.05), while the pre-XDR proportion in Beijing genotypes was lower than that in
non-Beijing genotypes (x*=5.332, P<<0.05). The resistance rates of Ofloxacin and Pyrazinamide in
the modern Beijing genotype were significantly higher than those in classical ones (y*=4.105 and
x°=3.912, P<<0.05). In addition, the cross-resistance rate to rifampicin and rifabutin was 86.23%. A
significant difference in drug-resistance rate to rifabutin was seen among groups with different levels
of rifampicin resistance ( y °=45.912, P<<0.05). There was positive correlation not only between
ofloxac resistance and moxifloxac resistance, but also between amikacin resistance and kanamycin
resistance, with the coefficient of 0.87 and 0.91, respectively. Conclusions In this study, we observed
that there were high incidences of the resistance to 11 anti-TB drugs in 167 clinical MDR-TB strains
and the cross resistance phenomena between drugs of the same type were quite serious. The majority
of MDR-TB strains belonged to Beijing genotype, which was highly associated with streptomycin
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LA 2 SOk 32, S R FE B KRB (P ED A
PR 2>\ A 7 0 45 K% o BOAT T 2 Bk DU AR
(MYCOTBI) H ¥ f5e/ M A ¥ £ (Minimal Inhibitory
Concentration, MIC) Jlll 2& . MYCOTBI 1] £ jill 45 2%
SRR 12 Bl R FH— \ 245 25 W iy
JE&E , A1 45 INH \RIF . £ % T i (Ethambutol, EMB) |
B % 2 (Streptomycin, SM) | ] #& 45 7] (Rifabutin,
REB) . Z %% 5 M i (Ethionamide, ETO) | ¥F 22 & ik
(Cycloserine, CS) | & 9. V> & (Ofloxacin, OFL) , %
b 2 (Moxifloxacin, MOX) . K% % (Kanamycin,
KAN) FIBK < £ (Amikacin, AMI)

Mk 2% Bt i (Pyrazinamide, PZA ) 244 88 iR
B % H] WHO HE7£ BACTEC™ MGIT 960™ ¥ 1415
FEITEER , BACTEC™ MGIT 960™ 4> [ 543 Hr Y
FIPZA 2507 & T3¢ E BD /A Fl o
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M24-A3 HEE I 24 B 3 i BEAR IR (CS Ilfe S vk B2
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1 PIEZLWIG T

%Y MIC{HIE Rl (ug/ml) I 54 (ug/ml)
SEAHIF(INH) 0.03 ~4 0.2
FIFEF-(RIF) 0.12~16 1
W T BE(EMB) 0.5~ 32 5
BT >k AL (AMI) 0.12~16 4
LA SIRIE(ETO) 0.3 ~ 40 5
FHREEZE (KAN) 0.6 ~ 40 5
FEPG YR E(MOX) 0.06 ~ 7 0.5
S JR TP 2 (OFL) 0.25~32 2
X H KGR (PAS) 0.5~ 64 2
FKE AT (RFB) 0.12~16 0.5
HERF 2 (SM) 0.25~32 2
IR 22 (CS) 2~256 25
MR EEE(PZA) - 100
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(1) LA 24 BRG] < AR 4R 55 o0 BT P 245
M AR AR BT 5 2R , B T ) 4 0 TR AR M % 7% 100 pl
2R HEPRIFAAEZT CHFF 14d/5H
Vizion™ 80 F WL 22 Ge il Bhilll & . MIC 22 R 5 FH
PEXT A LV AT B S ] DA TR A= R A e AR B

(2) PZA 25 fig & il : AR $% BACTEC™ MGIT
960™ PZA 12 R AE LI A5 EA T , o T Tl 2o 1Y) TR Ak
W53 5% 4% 500 pl 200 AR F2 48 T, FRlCA
BACTEC™MGIT 960™ 4 [ s /#8577 4 ~ 13 d,
FRIE A K B (growthunit) {H , A4 A SR 45 254
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(1)DNA il % : B HBUB 55 52 W T T, K8
# DNA,-20 CIRTE4 .

(2) FEBEN Y < 3@ oL 51 iysX H P JF 52 %7
HI) e 5 45 , % MDR-TB T Rk #5473 K 43 10
I WE 51 ¥ iysX-F: 5' -CGGCCTATTGCATCACGA
CGGCTC-3" , T i 5] ¥ iysX-R: 5 -~GGCATCCCA
TTGGGTCCGATAGGGG-3' ; §" H4 {K & (50 pul) :
25 pl 2 X Taq Master Mix, 5| 44% 2 ul, DNA £ i 4 pl
KK 16 plo I 251 : 94 C 5 min; 94 °C 30 s,
66 °C 305,72 C 455,30 PMiE¥F ;72 C 10 min; 3 34
P 1156 bp. PCR ™45l 3245 444 F BioEdit #%
55 FR HE B R H3 7R BE K P AT X . 20 7
995 & 4= 278 (CCG—CCA ) b st R AL, R & A=
AR Ry AR mt LAY B - 701 (ATT—ACT) 1
995 A~ [ e 58 A% Sy BRA b s LR AU

5. 951253 Mt - il FH Excel B AF 3¢ A, R
SPSS 21.0 AT G244, THECT R ] LA
KH R, LA P<0.05 A ZEFA G FE L, AR
BULEA% 245 Z (R AR T 245 A DG HE 0 R 4 CH B -

Ir] <04 MREAF,04< |r| <0.7 M EEFE,
|| >0.7 AR,

s R

1. MDR-TB T# ¥k 1 245 1% 50 - 170 Ak 40 A A< BiF
T TEEH, 3 MRARRRE 1E B CHR 2 0k s 1iR)
2 16T RN AT TR A T T -

167 ¥ MDR-TB F& &£ XF 55 INH \RIF 4} 11 Fi45
K% 2440 5 PR s E TR 2, TS 25 Rk 51 95.81% , Tiid 24
55 FEAK YK RFB(86.23% ) .SM (61.08% ) .
PZA(47.90%) .EMB(43.11%) .OFL(30.54%) .MOX
(27.54% ) . PAS (16.77% ) . KAN (11.98% ) . AMI

(11.38%) .ETO(8.38%) .CS(7.19%) ., W52,

#2167 ¥k MDR-TB Btk 25 i

B S M2 RREL T 2558 (%) 95%CI
=1Fhz5) 160 95.81 0.927 ~ 0.989
LB T BE(EMB) 72 43.11 0.355 ~ 0.507
BEREZE(SM) 102 61.08 0.536 ~ 0.685
221 (CS) 12 7.19 0.032~0.111
L 5N (ETO) 14 8.38 0.041 ~0.126
X H KR (PAS) 28 16.77 0.110 ~ 0.225
FIAFRATT(RFB) 144 86.23 0.862 ~ 0.915

RIRE 2 (KAN) 20 11.98 0.070 ~ 0.170
AP AL (OFL) 51 30.54 0.235~0.376
B (MOX) 46 27.54 0.207 ~ 0.344
B[k £ (AMI) 19 11.38 0.065 ~ 0.162
MR EEE (PZA) 80 47.90 0.402 ~ 0.556

2. TR BRI 25V 20 B - 364G HE XDR-TB 11 %, 5
MDR-TB 1 6.59% ; XDR-TB T ¥k o' OFL i 24 2H &
FERUIT o Lol e i, 3 11 R s FEAHIF 98 1, X MOX
it 245 () XDR-TB B A% 4 %} OFL ffif 245 5 X} AMI ifif 24
) XDR-TB 4 # 4 X} KAN i 25 ; pre-XDR [ £k I
52 8%, 5 MDR-TB ) 31.14% , fi. 0 15 i 25 25 Wy it 245
R F 2, 342 Bk, Hid L OFL +MOX i
AN E L33 0k, W3,

R3 167 RN Z G452 BT B 252 R AL

o W

B %) 95%CI

Tz T 2 a 11 659 0.028~0.104
OFL+KAN 11 659 0.028~0.104
OFL-+AMI 11 659 0.028~0.104
OFL+KAN+AMI 11 659 0.028~0.104
OFL-+MOX+KAN+AMI 10 599 0.024 ~0.096
OFL+KAN+PAS 6 359 0.007~0.064
OFL-+KAN~+ETO+AMI 3 1.80 -
OFL+KAN+PAS+AMI 6  3.59 0.007~0.064
OFL+KAN~+ETO+PAS+AMI 2120 -
MOX+KAN 10 599 0.024~0.096
MOX+AMI 10 599 0.024 ~0.096
MOX+KAN~+AMI 10 599 0.024 ~0.096
MOX-+KAN+PAS 6 359 0.007~0.064
MOX~+KAN—+ETO+AMI 3 1.80 -
MOX+KAN+PAS+AMI 6 359 0.007~0.064
MOX+KAN+ETO+PAS+AMI 2 120 -

HET 2 T 2525 00 52 31.14  0.240 ~0.382
i S T R 244 42 2515 0.185~0318
it 525254 10 599 0.024 ~0.096
OFL-+MOX 33 19.67 0.137~0.259
KAN+AMI 7 419 0.011~0.073
OFL 7 419 0.011~0.073
MOX 2120 -
KAN 2120 -

AMI 1 0.60 -

- RIS OFL: D AL ; KAN: RIRE & ; AMI: KR
AL MOX: BLPG VDA 5 PAS: X EIL/KIGIR ; ETO: B S M
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3. MDR-TB B R 5 X ) 5 25 ) 0 3 A < X
LysX FEPR (R0 P 25 S UEA T L3, 167 #% MDR-TB BB
W BRI RS 122 4% (73.05% ) , ARJL BTREDR Y 45 #k
(26.95%) . At BEPRIAI B, o M b SRR 8 S0 A%
(40.98%) , BRARAL 5T L [KIA 72 ¥k (59.02%) . AL
KR SM it 25 2R 1 FARJL st 3L (R A | 22 A7 e it2#
B (x*=30.682,P<0.05), JEJt 5 3K 7Y pre-XDR
KAFRE TR EREA, 2R E 5% 2 L (=
5.332,P<<0.05) , tk#b, OFL iiit 25 % 5 PZA Wi 24 %R A5
PRARAY 552 3 P 78 5y L L PR A 22 R G2
X (*=4.105F1x=3.912,P<<0.05)., %4,

4. 38 ST 245 5 00 « AN [T 45 4% 25 P i 2 S 3 1
4341 & 3, MDR-TB [ £ ' OFL ifif 25 5 MOX Tiif 2
AN (r=0.87) KAN it 255 AMI i 2545 #1 5t
(r=0.91) , KRERFR B A s AN R EEAZ 2T 2540 5
PEULE 1,

S T R 2K 24 W TS 24 38 53 fk , Hovh OFL i 25
514k, MOX i 24 45 ¥k , %t — 2 [R] B ifif 24 43 Bk 5 Bk
PESHT 7w , OFL it 255 MOX i 254 B (' =
122.750,P<<0.05) ,r=0.87>0.7, @& BEAH 5 . RhiE 5
Y 2L 21 Bk, o KAN i 25 20 ¥k , AMI i 24
190, X — & RIS 24 18 A% 5 e /AT 7R , KAN
it 25 5 AMIT 254 Bt (x*=139.297,P<<0.05) ,

- 767 -
Q O O & o o S

< Qﬁ\ TP S X Q\O %@ ?S\ Q‘L?' 100

CS 0.04 008 0.00 011 -0.03 007 0.04 0.03 -0.10 0.01
0.80

EMB o0.04 013 026 0.10 031 024 028 022 026 035
ETO o008 o013 0.10 0.00 015 0.03 006 0.20 0.10 0.01 sl
PAS 0.00 026 0.10 013 028 009 012 016 019 021 r 0.40
RFB 041 0.0 0.00 043 004 —0.04 —0.03 022 003 o004 | [ 0.20
KAN -003 031 015 028 0.04 0.20 0.9 0.14.0.16 F0.00
OFL 007 024 003 009 -0.04 0.20 -003 021 022 | | (20
MOX o004 028 006 012 -0.03 019 005 020 024 | |
003 022 020 016 022 014 —0.03 0.05 009 015 ~0.60

AMI -0.10 026 0.10 049 0.03 . 021 020 0.09 011
-0.80

PZA 001 035 001 021 004 016 022 024 015 0.11 .
-1.00

H  ASF 5T 3% MDR-TB 8 #f , A1 5G4 R 40 A INH Fl RIF;

CS: IR 22 4(f% ; EMB: Z M TEL; ETO: B S MAME ; PAS: %43tk
1 ; RFB: FIARAET] ; KAN: RHREEZE ; OFL: AR 2 ; MOX: 5
PHVDE s SMAEFE 5 AMI: FIK A2 ; PZA LR
1 RIRHCEE 25T 25 A e
r=091>0.7, FEMKE, WES.
RFBTif23t 144 bk, 5 RIF 58 X224 86.23 %,
H RIF 73 AR BTt 25 (MIC{E K 2 ~ 8 pg/ml) Fil i
e S it 24 (MIC {H =16 pg/ml) , RIF {I ¥ B Tirf 25 5
RFB 42 XMt 258 2 18.18%(2/11) , 11 fe5 H¢ J& RIF it
24 55 RFB 3¢ X Tit 25 %8 91.03% (142/156) ; KBk

Rda AR 2 25452 0BT RO A RITTES % 25 24515 Dl

UL Y

(GRS =y B T X1E PE ARt AL X1E P1H
C & T B (EMB) 20(16.39)  37(30.33) 57(46.72) 1538 0215 15(33.33) 2.402 0.159
BEEE 2 (SM) 34(27.87)  56(45.90) 90(73.77)  1.458 0.227 12(26.67) 30.682 0.001
IR L FR(CS) 1(0.82) 8(6.56) 9(7.38) 2376 0.123 3(6.67) 0.000 1.000
L SHRE(ETO) 2(1.64) 8(6.56) 10(8.20) 1.151 0.283 4(8.89) 0.000 1.000
X} B K A5 TR(PAS) 7(5.74) 16(13.11) 23(18.85) 1.304 0.253 5(11.11) 1.410 0.235
FIAEATIT(RFB) 42(34.43)  65(53.28)  107(87.70)  1.078 0.299 37(82.22) 0.832 0.362
AR K (KAN) 4(3.28) 13(10.66) 17(13.93) 2488 0.115 3(6.67) 1.647 0.199
A 3P FL(OFL) 9(7.38) 25(20.49) 34(27.87)  4.105 0.043 17(37.78) 1.522 0.217
BLPE YL RL(MOX) 10(8.20) 24(19.67) 34(27.87)  2.610 0.106 12(26.67) 0.024 0.877
B[k 2 (AMI) 4(3.28) 12(9.84) 16(13.11) 1.945 0.163 3(6.67) 1.356 0.244
ML IEE(PZA) 18(14.75)  39(31.97) 57(46.72)  3.912 0.048 23(51.11) 0.254 0.614
W) 2 254545 (pre-XDR) 8(5.74) 25(16.39) 33(22.13) 3.254 0.071 19(40.00) 5.332 0.021
Sz 2545899 (XDR-TB) 3(2.46) 7(5.74) 10(8.20) 0.161 0.688 1(2.22) 1.082 0.298
A HUR 3(2.46) 1(0.82) 4(3.28) 0.792 0.304 3(6.67) 0.285 0.593

e 85 AN o it 2 TRTRR SR, 355 PR B o it 2525 (9% )
RS FURD RSV R R R SRR R Z 38 S 2515

oL MOX e A wf e | A — KAN L L
[ 43 8 i 2} 18 1 19
o 5 4 6 122.750 0.000 . 5 146 148 139.297 0.000
A1t 45 122 167 A1t 20 147 167

1 OFL - S0P A2 ; MOX: BEPEVD AL ; AMI: Bk A2 ; KAN: RIRE R
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ST o, I HE BE RIF i 24 20 5 7 & BE RIF i 25 40
Z [ RFB it 25 K 22 34 it 2¢ 8 X (x’=45.912,
P=0.000), W36,

R AT SR ATT T AL 2 1R DL

. g R.FB(*H%) A
RIF fiff 24 L h &1 XYl PIH
IR B TR 2 2 9 11
TG " 14 156 45912 0.000
A1t 144 23 167
1 RIF: F|f5°F; REB: FIEARTT
o) T
TEARMFSE T, 167 Bk MDR-TB B4 #k X & INH .
RIF 71 11 R85 4% 25 W i 25 5% 15 34 95.81% , B& A}

i HAE R IR, pre-XDR FEREFT 5 LB T B EE
[49.4%""" , pre-XDR P& #E 1 , FUE T T 25 245 Py i 245
TE AT (5 A6 5 55 s XDR-TB BBk L% T g
F AR B WHO I e 25 5 950w 15 T 25 25 1) Tif 24 2
MDR-TB % Jf& 4 pre-XDR #£ % XDR-TB K = % &
3, 2GR AN Z A0 o I PRI R Pk A 1)
P4 259 25 i 5, )R 5% 3 MDR-TB &
pre-XDR, Jf: S5 BRHLIA YT , BH 11 Ho 1) XDR-TB i
J& U2 XDR-TB Y77 4= FEHE

AHEFEH, SM . EMB [T 24 241 T [ P HeAt 4
1B PZA T 25 %8 T HADME R, A WF 5 T PZA
i 245155 0 LA R . PZA .EMB . PAS H1 ETH %]
YERKFE MDR-TBIGYT /T € h sk 2™ 5%
FA A B0 45 4% 265 9 T LAZH R A& BEVA YT 7 2 A Bl
AN 22 2 58 EMB B ZE S R
HHZ S LRGSR B KA
EMB 15 0, R 245 825 SAR0URE e AN A H %
244, ETO J&—Fh SRR A= Wb dh i 2,
PUEERAE A A INH 8 1/5, i1 T MDR-TB (347,
(K It ETO A% f MDR-TB b J7 7 5 ih— > FE AL A,
oyt CSTif 2%l E A1) 7.1%—8" . CS
SEIRYT I 25 AR 1 IR 25 h s R A e BRI 24
i, EEH TN 24 L H & MDR-TB il XDR-TB (1)
BT, S H AP 2 A i 2 . ARWEgE
MDR-TB [ ¥ 1 CS Tiit 25 5%, R B CS FE IR YT
MDR-TB ¥ Z/EH, Al eI IR e (.

At B PR AR A BREE AR A T 1Y) B SR R A
FE SIS A T 3 DR R Ay A R R R (s M B
MR MERIZE T3 — SRS 2 B b st ik R R 28
AR S P B T 2 B R A ]

AEL R MDR-TB'", A #FFEIA N, AL L 7Y
B R 5 245 R i 2 22 [R) A A S . FEARF 5
b U R R B PR (5 73.05% , %6 WA /F MDR-TB B
PRI AR ) S A . K[R3RS MDR-TB
PR 25 Wit 245 32 04 LA, AN & B0 SML T 24 5 b 5
JHE R VA A G , pre-XDR & AE 5 AEAb 5t s A A
A , 33X AT BB RIS Hh b 5 5 PR 76 4% 3 8
PRI 25 55 T80 ARWFSE b, ARG 5 SE PR 7R Ry
Pt 59.029% , $ 7~ BRAR AL 5 3 PR AU B ik v RE 45 )
TENTEPALRE . So0 ARG R, B AL st 3L
R OFL Tiif 25 %R 5 PZA i 24 2 I 35 i 1y s b o 3
P, 3275 OFL it 25 5 PZA it 24 [ 304 b 5z 35 A 75
AHF5E o RFB 5 RIF 1938 X 25 %4 86.23%,
ANTe) e F RIF 1 25 B Bk P REB IR 25 5K (0 22 534 411
=7 X, #2758 RIF F RFB 22 X ffit 24 #1 % Bifi RIF ifif 24
FERE [T fin . RFB 5 RIF A7 75 &5 B A8 XM 2Y
JIT L 24 45 4% 43 AR B 6 RIF T 24 i, 7 38 46 (i
RFB. #5745 5t 7k OFL \MOX YT 25 5480 55, X
AT RE 2 B A U T S 25 A T i AR R L &
BTG Tl R PSR ILRYT 530 H OFL it 24
5 MOX i 2 = FEAH & . %F F MDR-TB /& 1M 55
Nz AR P RS TR TR 25 . A RS R TR
R T T 25 245 ) 1) DA felT P v A RN s R 2 25 )
BF A B A — o WP s AR S b
MDR-TB & # OFL i 2 i % MOX {75 80gk , P 1 %
TFARAR U P B 2 254 (40 OFL) T 25 (%) J 3, o H:
A 5 24 3k B ] 2 AT e A SR s TR TR 2 245 )
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