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Susceptibility detection of multidrug-resistant Mycobacterium tuberculosis

by broth microdilution method

ZHONG Ye-teng, WANG Jie-ying, CHEN Zhuo-lin, XU Yuni, QIU Wen-hua, PEI Hua
(Department of Laboratory Medicine, The Second Af filiated Hospital of Hainan Medical
University, Haikou 570216, China)

[Abstract] Objective To evaluate the application effect of broth microdilution (BMD) method in susceptibility
testing of multidrug-resistant Mycobacterium tuberculosis (MDR-MTB). Methods The Roche’s proportion method
and BMD method were adopted in drug susceptibility testing on 108 MDR-MTB strains and 11 non-MDR-MTB
strains in Hainan Province. Whole genome sequencing (WGS) was performed on strains with inconsistent results by
the above two methods. Results The average time to acquire drug susceptibility testing results by Roche’s propor-
tional method and BMD method were 28. 0 and 8. 5 days, respectively. Roche’s proportional method showed higher
resistance rates to isoniazid (INH), rifampicin (RFP), ethambutol (EMB), kanamycin (KM), and capreomycin
(CPM) than BMD method (all P<C0. 001). BMD method showed higher resistance rates to protionamide (PTO)
and para-aminosalicylic acid (PAS) than Roche’s proportional method (both P<Z0. 001). Taking Roche’s proportional
method as the gold standard, the sensitivity and specificity of BMD method for testing drug resistance were 50. 00 % —
100% and 95.69% — 100% . respectively. Except EMB (87.39%) and INH (94, 96%), the consistency rates of
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the BMD method in testing drug resistance of other drugs were all ==95. 00%. The overall consistency rate between

Roche’s proportional method and WGS was 76. 19% (32/42), while the consistency rate between BMD method and
WGS was 23.81% (10/42), difference was statistically significant (Xz = 23,048, P<<0.001). 34 MTB strains

showed inconsistent results by two drug susceptibility testing methods. Among the 26 MTB strains that were resis-

tant in Roche’s proportion method but sensitive in BMD method, 22 strains (84. 62 %) had mutations in relevant re-

sistance genes. Among the 11 MTB strains that were sensitive in Roche’s proportion method but resistant in BMD

method, 5 strains (45.45%) had mutations in relevant resistance genes. Conclusion BMD method is an accurate

and rapid MDR-MTB susceptibility testing method. but further improvement and optimization are still needed. Drug

resistance is closely related to mutations in relevant resistance genes.

[Key words] multidrug-resistant Mycobacterium tuberculosis; Roche’s proportional method; broth microdilution

method; minimum inhibitory concentration; antimicrobial susceptibility testing
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K. m R AR il R AL B R R A
B BRI 245 5 RIAGE U AR © )32 I T T 245 295 A% P
R AT AEAG I 245 ) i 2 AT R LA B it 24 1 23 7 AL
) AN 58 A2 I AN R Y 2 O AT R M AR
Mo HETE 0] 2 25 80 50 gl it A T AR 4 4
CWHO) $i 75 g K 0 it 245 25 2 1) 4 b ) AR D
TR BB I K L2 R A B L AR
R AJE W PR 552 36 3 s vhE A P 2 4R 3 1l 5 e B 40 M+ f
ST FN 257 TC U e DU 2 W 36 97 3 1) it 24 vk B AR
1. W71 & #i BE (broth microdilution, BMD) i
2O — o LG B I A e R R AR TR
B G R A 5 L AN i 35 5 BT 5, A [) i s 4G
Z PP 45 4% 25 V) e AR 3 B 6 (minimum inhibitory
concentration, MIC){E"™, Wi #2416 5 5 1 it 25 4
KA A8 Sl R AR A 25 . SR H TR E T sz
BMD 2 bR Ak 19 77 25, H R i Ak BMD 35 24 850t £
WP ERAE T vk RO b v S B AT I 2 S
S FLHE A, OF B BMD 3k 25 0l 56 75 A
it 22 245 45 4% 43 B FF B (multidrug-resistant Myco-
bacterium tuberculosis » MDR-MTB) (14 B 5% AH XF Bkt
Z o P ASBIEGE LS IR E ] 12 245 0 3 Sl s e DF
i 5 i A BMD 125 24 850t 7 T8 1 4 TS 24 45 4% 0 B
T S 245 A ARG 0 il AR 102 FH S8R

1 X&R5FE

1.1 AR % WHE 2019 4F 12 H—2021 4E 3 A
VR R A e 2 I T S B B IAF T 4 4 A0 IS ) it
12 B LI 25 A% KR A A8 S/ M VB O AR 5 T I G
FRAPEAT 43 8 15 77 » 4 2 1G HL ) 12 25 S 6 0 i, 3
FEEG A 108 Bk MDR-MTB #1 11 #3F MDR-MTB,

ZENG A B B (Mycobacterium tuberculosis , MTB)
HURARMERR H37Rv(ATCC 27294) Hy H [ 95 9 1 By
Pl ot (CDCO) [H K Z5 0 2 L 92 50 2 $fit

1.2 BELHRAAN

.21 L& BSC-1600 [ B2 #IA: 4% 4 M35
SN L 28 A R A BR A ) A2 7 o H BV Il B 97 4
Hi _F ¥ 2 W] 2R 77 Neofuge 15R 8 ¥ U5 25 .0
BUH B WA g A IR A R AR 77, 200 T B W)
#r 8 eppendorf 24 m] A2,

12,2 #f MTB 23R & (MIC %) P IR H
3% 25 SR 37 kL X i 2k 9% B RR (P-nitrobenzoic
acid, PNB) /BENy — 2 — ¥R & iif (2-thiophenecarbox-
ylic acid hydrazide, TCH) % 5 1% 3% £ 4 iy 2k i I
RONFEHRML, R4 DNA 2 BUAH & h T KKk
FEAE BB A PR w34

1.3 RK¥F*

1301 EAREE  fH A — YO D B T R 7R
2~3 JE i iE MTB 5 Bk . 8% 21 5 35055 Bk F0JC 1A £h
JKFR BB T R AT I R JC T AR AR K MR R S
122 QB F i bE g, C R 1 mg/mL (%) 781 40 B
(B3

1.3.2 FRWAZ AR WAL 3R AR
iz HE 2 A% 2 0 2 A 30 R ) 5 A T ) i o A
1072 mg/mL F1 10™* mg/mL Y & W& . 7 9% Fh
T R R I (R VR IR IR ) M2 ks R 3 |
BIEFQGo D) CREFEPER 24 0. BT E.EH
SEHEFE 4 JE R MR AE R . B IR bk 2 O R A 2
Wy B 43 59 b S B CGisoniazid, INHDO. 2 pg/mL,
F 48 F Crifampicin, RFP) 40 pg/mL. & Jfi T B
(Ethambutol, EMB)2. 0 pg/mL ., %P ¥ & (moxi-
floxacin, MFX)2. 0 pg/mL. K% % (kanamycin,
KM)30. 0 pg/mL., % #l % % (capreomycin, CPM)
40. 0 pg/mL. A it 5 M B (protionamide, PTO)
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40. 0 pg/mL FIX} 5 3L /K 4% R (para-aminosalicylic
acid, PAS)1.0 pg/mL,

1.3.3 BMD i 2 80K % F 45 A% 20 BT T 24
R & (MIC %) b 15 95 W0 AL BRTE 1 mg/mL &
WO B 100 4%, 43 1 A 100 pL/ LA A BMD % 24 fi
M e INRE S5 5 O P J R O ) T
(36 £ 1) CH; 35, I HRFL MTB A: K R 4 i X £
I7 LA 24 ) O 4 vk B, S AR AN BRI [R) Oy 7~ 14 d,
KA 21 do T2 H0 W A o G e B
INH 0.2 pg/mL,RFP 1.0 pg/mL,EMB 5.0 pg/mL,
MFX 0.5 pg/mL,KM 5.0 pg/mL,CPM 2.0 pg/mL,
PTO 2.5 pg/mL,PAS 2.0 pg/mL,

1.3.4 2ZEFAMNF PRGN HELEM
BMD 125 24 S50 56 45 0 45 SR A — SO i Ak ik — 20 01T
L FL K 2H M 7 (whole genome sequencing, WGS), *
A7 ke 5k = W IR IR AL B — 7 B (cetyltrimethyl-
ammonium bromide-lysozyme, CTAB) 31 42 B
DNA £l . DNA 41 a8 |7 AR R FELE W) BB AT FRZS 7]
HEAT o i I A AR Y5 B A R A B R BRI 4
ffi I TB Profiler (v2. 8. 12, https://github. com/
jodyphelan/ TB Profiler)™"" %t il ¢ MTB B £k 1iif 2
PEHEAT 7387 .

1.3.5 JREHES BHRP KL HE A BMD ik
iU ¥ L MTB $5 i #f H37Rv N USRS F
FRIEAT 2 R MTB 43 58 15 57 | 245 50l 08 B 45 1%
W2kt E CDC B Z 450 2 i im %
A5 0 W7 T i PR Hr 0 19 2 ) B PENG B

1.4 3B JH SPSS 26. 0 483 8 % B
AT 43 BT . R AR J5 K 30 58 Fisher #ff UJ#E 28 25 43
Br B G HL L A BMD YL 25 S5 R 2= 7. DL P<<
0.05 FZEFAGI#E L,

2.1 WAy EGHSEMER PR HLHAEHM BMD
2 2 A BT A et 1Rl 3 ) ok 28, 0.8.5 d, BMD
BEAHEE R AU 2 #k MDR-MTB [ # ] 52 i [8]
B 14 A4 15.0,18. 0 d) ., MTB 258 5 245
B BN, PR K INH, RFP,EMB, KM #i
CPM Ry 25 % & F BMD 3 (¥ P<<0. 001) ; BMD
LRI PTO F1 PAS RYTH 253 5 T2 IR LBk (2 P
<0.001), W1, HA 9 bk MTB ffi 11 2 [K L4112
X EMB ifit 25 MIC {8 EMB Il L B (5. 0 pg/mL)
W1,

® 1 DK HEF BMD &0 MTB (i 245 45 5 (6 6]
Table 1 Drug resistance results of MTB tested by Roche’s proportional method and BMD method (No. of strains [ % ])
MDR-MTB B #k (n = 108) 4k MDR-MTB B #k (n=11) Hit(n=119)
/eS|
B IG LA BMD B IR e i BMD IR L 32 BMD
INH 108(100) 102(94. 44) 0C0) 0C0) 108(90. 76) 102(85.71)
RFP 108(100) 106(98. 15) 1(9.09) 1(9.09) 109(91. 60) 107(89.92)
EMB 54(50. 00) 41(37.96) 1(9.09) 1(9.09) 55(46.22) 42(35.29)
MFX 34(31.48) 34(31.48) 0C0) 1(9.09) 34(28.57) 35(29.41)
KM 8(7.41) 7(6.48) 0C0) 0C0) 8(6.72) 7(5.88)
CPM 8(7.41) 5(4.63) 0€0) 0C0) 8(6.72) 5(4.20)
PTO 3(2.78) 8(7.41) 0C0) 0C0) 3(2.52) 8(6.72)
PAS 7(6. 48) 10(9. 26) 0C0) 0C0) 7(5.88) 10(8. 40)
2.2 WA kSRR DS RWHILAH (745500 AF R E RN 21 PTO95. 69%) .,

25 WL R G bR vE , BMID 146 N i 24 M 1) 2R 50 N e 5=
BEA 5128 50. 00% ~100% .95. 69% ~100% , H:
R B Z5 Y CPM(50. 00%) , H:¥k & EMB

K EMB(87.39%) . INH(94. 96 %) 4} , BMD 1 #; i
Hofl 25 9 i it 25 PR AT & R =95% . Wk 2.
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TE 2148 25 TB A 3R L Tk 24 BT A o 8 €8 25 TR A 3R LG 19 2% S0 7
B 1 MTB 285 MIC 531
MIC distribution of drug susceptibility testing of MTB

Figure 1

R 2 PIRHHREM BMD 3k 25 45 R — B o M

Table 2 Consistency of drug susceptibility results between Roche’s proportional method and BMD method

254 BMD &Pl R g S BEL e 0 I 4 0 Ve
KA % R S [%(95%CD] [%(95%CD] [%(95%CD] [%(95%CD ] )
INH R 102 0 94. 44 100 100 64.71 94. 96
S p 11 (87.81~97.72) (67.86~100) (95. 48~100) (38.62~84.74)
)
RFP R 107 0 98.17 100 100 83. 33 98. 32
S 5 10 (92.88~99, 68) (65.55~100) (95. 68~100) (50. 88~97.06)
EMB R 41 1 74.55 98. 44 97. 62 81. 82 87.39
(60.73~84.91) (90. 45~99.91) (85.90~99, 88) (71.04~89.36)
S 14 63
MFX R 32 3 94,12 96. 47 91.43 97.62 95. 80
S 5 82 (78.94~98.97) (89.32~99, 08) (75.81~97.76) (90. 86~99. 58)
KM R 7 0 87.50 100 100 99. 11 99. 16
S 1 111 (46. 68~99. 34) (95.83~100) (56. 09~100) (94. 40~99.95)
CPM R 4 1 50. 00 99. 10 80. 00 96. 49 95. 80
3 4 110 (17.45~82.55) (94.36~99. 95) (29. 88~98.95) (90.73~98.87)
PTO R 3 5 100 95. 69 37.50 100 95. 80
g 0 111 (31.00~100) (89, 74~98. 40) (10.24~74.11) (95.83~100)
PAS R 7 3 100 97.32 70. 00 100 97. 48
56.09~100 91.79~99. 31 35.37~91.91 95.76~100
S 0 109 ( ) ( ) ( ) ( )

TE RO 25 .S Oy iU AF A 38 = (WIRN 7 3 29T 245 1o ik 50 + 70 b 0y 5 289 SURR R Wk 80 /8 0B b 4 < 100 2,

2.3 WGS %%

B I H ]k Al BMD 3k 25 R 5
o 25 SN — B0 MTB 3t 34 %,/ 26 # MTB 24
ORI e R 2 LG BL 903 T 25 + BMID ik sk A 11
Rk MTB X 259 i % [G 1L 3] 32 U8 + BMD 3 i
25 H o 3 fk MTB X} 2 oK [R] 25 95 [ 15 43 51
PR B B HE ) v i 25 + BMD 32 U FL il B IR
Fo ] 25 U + BMD JE U, B IR L 1)k 24 gl 2R
5 WGS B 62 0 76.19%(32/42) ,BMD 124 i
G E WGS MG RN 23.81%(10/42) , Z 7 A

A G X (7 =23.048, P<<0. 001),
84.62%6(22/26) {1 Jil %' [ H 49 ¥ Y 25 + BMD
W) MITB AR S 25 5 PR o 2 528 Joi 1
Pl x4 KM 1 CPM %' £ He ) 3% i 25 + BMD 3%
R MTB AL X KM 75 eis 2 3 T K 3% % A 575
%5 CPM A 2536 4 o %% A 9848 5 4 4k MTB %
INH 7 fabG1 Jii 8 F X 8 % /E %28 . BMD 3% 25 i
il MIC f57E 0.1 ~0.2 pg/mL; 12 #k MTB X}
EMB 7E embB 3 [ |- % 4 58 725 , BMD 3% 24 40K )
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MIC fH <l K B2 (5. 0 pg/ml) .

45.45% (5/11) i & 1K L A1) 2 B5UR% + BMD i
it 25 /) MTDB 76 AH 5T 25 55 X rp e A= R 8, Hop 2
Bk MTB % MFX 78 gyrA R p & A2 5848 . 1 #k

CPM 7£ tlyA SEH & =B 15,2 #it PTO K B
{25 (5 pg/ml) 53 HI7E inh A Fl eth A RARAE .,
38 MTB X+ PTO KB B AEH L H 3 % MTB
PR B IXT PAS G AHCHT 25 R 2848, W3R 3,

% 3 BMD ERE IR E 2 2 ok M A7 A 22 5 19 MTB Wtk WGS 45
Table 3 WGS results of strains with different drug susceptibility results tested by BMD method and Roche’s proportional

method
A — B R 259 MIC 2R AL AN — B R 29 MIC RAE %L
L/ B2 B (pg/mL) % €/3) L/ B2 i (pg/mL) B3 €73
B IC L 2 i 25 + KM + CPM KM 5 eis_G-12A 1°
BMD 2 £ %
CPM 2 WT 1¢
INH INH 0.1 WT 1
EMB+ MFX EMB 5 embB_M3061. 1¢
0.1~0.2  fabG1_C-15T 2
EMB+ PTO EMB 1.25 WT 11
0.2 fabG1_T-8C 1
+ o g
0.2 ratG_Y337C 1 EMB+PTO EMB 2.5 embB_D328Y 18
FRP FRP 1~2 ratG_S315T 2 [P IHPRAGUE +
BMD ik fiif 2§
EMB EMB 5 wT 1
MFX MFX 2 WT 1
5 embB_D354A 1
1 gyrA_A90V 1
2.5 embB_D354A; 1
embB_Q497K CPM CPM 8 tiyA_Frameshift 1
2.5 embB_G406D 1 PTO PTO =20 WT 1
2.5~5 embB_M3061 4 5 inhA_S94A 1
5 embB_M306L 1 PAS PAS 8~>16 WT 5
5 A4C
> embB_QIO7K 1 EMB+PTO+PAS  EMB =20 WT 14
MFX MFX 0. 125 WT 1
PTO =20 WT i
CPM CPM <0.5~2  rrs_A1401G 2
PAS =16 WT 14
INH + EMB INH 0.1 fabG1_C-15T 12
+ M @ e
EMB 5 embB_M306L 10 EMB+ MEX FX ! gyrA_ANV. 1
MFEX + CPM MFEX 0.5 gyrA_A90V 1b EMB+ PTO PTO 5 ethA_Frameshift 1!
CPM 1 rrs_A1401G 1P EMB+ PTO PTO 10 WT 18

T : MIC Jy R A BMD 3 25 SO A 25 5% s WT D5 BF A2 s a~ g SRR TR AR I bR O [ 1 BRI JEi a~c 7R 36 3 #k MTB [RI i %) 2 Fh
W) 2 G L B T 25 + BMD 35808 d o8 1 Bk MTB R3S 3 i 2 ) 2 1% LE 4] BUR% + BMD 351 25 s e~ g 3% 3 Bk MTD XJ 2549 [ i) i

LB [T LA 5 it 25 + BMD 3k S0 A 27 [ L 51 6 SURR + BMID B i 24

3 itig

1 i 25 25 R T AT 7 T 22 5% A AORI R A
25 A o it 25 P % T S5 RO BT iR R 2 AT IR
[ W T 56 T 2 ER 0 97 25 09 HE 49105 24 O R 5/ 3%
B ARG T B ) %20 4 SR 90y Al — A B
Ak B e B R B A 2 W TR 2 0 . SR, — BB ST AR
AR 25 MTB &bk o 53 ) 53 B itk MIC K -F
AR R AR T XY Heysell 557 B 5E

W TR MIC 225 I S B I IR 15 A= ] g
SXYEIN 25 I R A A SRR L B MFX, %
WD B MR R, R, TR 2 R
Sof Il R YVA T AT 3 . BMD 32 25 S 36 A AL AT DL 4R
PERE B2 RS L 30 T LR LR 25 F2 B (MIC D .
AHEGE & BLAE T BMD 32 24 S0 50 46 0 - 2
WI{Ch 8.5 d,J6F % FGEL B A JE 3 28. 0 d BMD
TR 2GR G AT R PR A 25 B AR . AR E T R D
T H ) 0 25 S0 56 R AR L B T EMB(87. 39%0) .
INH (94. 96 %) 41 . BMD 3 6 1 H: At 245 49 Tiif 245 1% 11
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PRI T 95% . BMD 3 K I 4 K3 45 25 iy
T TR S 3 =>90 %, (H ] CPM Ay 3 X
Sk 50. 00 %, He 2 R 2 B IK EL 3 % CPM it 24
(B BRI R 8 Bk - BMD 35 %) CPM 24 fi 45 51 53 il
4 BRTI 245 4 BREUR, BT 25 bR g o DR B
RERME. AW T A S K6 & B9 BRXF
EMB it 25 ) MTB B # MIC {75 EMB il 5 % &
(5.0 pg/mL) |, 55 BMD ¥ % EMB il & i
JE T O RN A G R A, WFSE %L EMB
HOF B2 7 B A N INH 88 REP 45 HAth 25 ¥y
Ty, S 30 =8 () Bl e — BOMRAIR . PRt T 2 A
T RAEA MR PEAl BMD 2k 7 A6 0 3 Fh 25 97 1)
TEORE Ty T PR RE

ASTIF 5 30 X6F P o 2 T 5 s MRS — SR R R AT
SILHAM T b, EMP R EHIEAHE RS
WGS M54 % & F BMD 3 (P<<0. 001), &% H
WGS 255 HE LR B R HvE s . Y
FS B9 32 it 25 + BMD 2% S0 1 A . A 84. 62%
(1) MTDB [ Bk A5 A Gt 245 56 A b e A= 2748, 5 40 46
1% 25 W) it 245 PR % VI AR OC, Horp 12 £k MTB X%} EMB
TE embB H R | & Az 58 748 MIC B 3 << 7k B2
(5.0 pg/mL) , Ui B BMD i 25 76 Xf EMB fy il 5t
WRE (5.0 pg/mlL) N 75 B8 Z2 50808 3 ik S ] 3%, i
AP IR EL )3 808 + BMD 351 25 MTB B #k A
45,4521 MTB B #k & A4 T AH Gt 25 36 iy 28 42
VLB BMD 25 80%F PAS.PTO %5 — 28 2y ] 4 1
A ik — 2L Bk .

AW A —E m R R . TR B et
FERE ] A B . e 26 25 9y it 25 K. i KM, CPM,
PTO K PAS Tif 25 5K <10 % ., ix 26 25 ¥ 1) o5 45 S ok
A RE R R A A BA R 3 R
MRECRE B it 250k L i — 2 0F5E VIR E .

25 F TR  BMD 35 0 — B e i | PR A DU iint 24
MTB Ut 0y vk BA Tz i A5, 51650
T EG L B 3 4 E, BMID 32 G 6% 5 P b 4G HY T 2
B I BRALT 25 B Ak 19 MIC, 5 B T4 SNk kA
J7 . SR, BMD JELE RS0 25 W i A I 3R AF AE — 8
(R BR ] 5 B E — 2D A RO . BT DA 4R 2
TR Z M5, DLk — 5 59k BMD 3 75 fif 2
MTB 0t A I e 9 1 FH AN (B o I 448 2% LAt 3 1) Ao
D7 3% o LA B 1 45 A% 95 1A 36 T 2000 S R4 T 5 s

MBS R ITAEEHERARALEAZ PR,

(& % x &)
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