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Abstract

Tuberculosis (TB) is the second important global infection disease besides HIV. There are 9
million new cases and 1.5 millions of death annually. Drug resistance problems are very
challenging for TB control. Multidrug-resistant tuberculosis (MDR) defined as Mycobacterium
tuberculosis resistant to at least rifampin and isoniazid and extensively drug resistant (XDR)
defined as MDR strains resistant to any fluoroquinolone and at least one injectable drug
(kanamycin, amikacin and capreomycin). Accurate drug susceptibility testing is required to
develop of effective regimens for treating drug-resistant cases.

Purpose: To determine or redefine optimal drug concentrations for anti-TB drugs (e.g.,
fluoroquinolone, injectable drugs and others), to understand the synergistic effects of anti-TB
drugs, and to establish a standardized growth assay.

Materials and Methods: In this study, we tested 63 XDR and 173 MDR M. tuberculosis
strains. The conventional agar proportion method (APM) was used to determine drug
susceptibility. The minimum inhibitory concentrations (MICs) of single or combined CFZ and
BDQ were determined using an established resazurin microtiter assay (RMA). The fractional
inhibitory concentration index (FICI) is used to Interpret combination results as follows: FICI
<0.5, synergy; 0.5<FICI £2, indifference; and FICI >2, antagonism.

Results and Discussion: We found that the susceptibility of M. tuberculosis strains to one
identical drug using the qualitative APM could differ in levels of resistance using the
guantitative liquid-based RMA assay. Based on kappa value, APM and RMA shown good
correlation except ethionamide. When FICIs were calculated, we only found indifferent
effects rather than synergistic or antagonist effects in all the isolates. The decreases of MICs
of ETH might give rise to the susceptibility to CFZ of MDR-TB isolates. There was no
synergistic or antagonistic but indifferent effect on the MDR-TB or XDR-TB isolates whether
CFZ combined with BDQ.

Conclusion and Suggestions: We suggested using quantitative liquid-based assays to
determine drug susceptibility for preserving effective anti-TB drugs. Besides, our result
suggests CFZ is a suitable drug to combine with BDQ for MDR-/XDR-TB treatment.

Key words: Tuberculosis, drug resistance, susceptibility, fractional inhibitory concentration
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(2) Janssen Sensititre Custom Panel CML4FBDQ for M. tuberculosis 4 %
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2. i& linezolid §& /4 & & ] 2> P& 4% . [17]); @ bedaquiline %2 clofazimine
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(intermediate) Ftk s » 4% = kappa B35 % % o Bop & IR R o Rt b
FEEV R FAE S - RE A BT ET] 100%% 94% o Amikacin sl K 7k
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oo ¥ okl eap Mg iR 2 R £ o

10



Bl= Bz GkiEE T APME £ 2> B2 B Bird & 0 5 % 3 arp

;""\‘

—\\
F_&

2
B AR APM KBRS % s AR T 0 R A % R S LA
RREALFE 2 RIS o & e ﬁ';‘%&év\ G HHATR PR E LB R DR TRECP R
fr2 | oAt o iRk Kapp 37 TRl Bk 0 S %

PAafeh @ LR EAS SRR LB A BIZ BlZ (a) - RMELF

=

¥ capreomycin ~ kanamycin 2 amikacin > & R fFE A S %R H o7 o *’ﬁT T E h
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levofloxacin » T_& /2 §=f & % & o2 5\ ATR thET T APM AT - R F ¢
7 moxifloxacin % 86.3% % levofloxacin = 89.1%; ] = (c) ethionamide %2 ethambutol
Hod LRTRAE 0 R A RE SR R U APM BaRE& - R &

ethionamide &+ % 4 60.4% (| t& » ethambutol ¥ % 4 74.2%:fFx -

21 IR R R APM BRG] £ F 2] AR hR T @ ik
B iF T Faripsh 2 Boot4 A 450 53 MIC90 2 MIC50 & ¢ Isoniazid % rifampin

¥4 R 0 AT MIC90 2 MIC50 ¥ Z_- Rifabutin ~ levofloxacin ~ kanamycin ~

amikacin ~ capreomycin % linezolid =77 MIC50 2 MIC90 & 4p ¢ ; para-aminosalicylic
acid ~ kanamycin ~ moxifloxacin % clofazimine =7 MIC50 3 MIC90 & 4p £ 1 B F¥$-
¥ b k& > @ ethionamide 2 bedaquiline 4p £ 2 B I3 # & # Rk & >
cycloserine e MIC50 2 MIC90 & R|4p £ 3 B Fs - chZE e il JER o @ * Janssen
Custom Panel =72 $ kanamycin ~amikacin~capreomycin ~levofloxacin~moxifloxacin ~
linezolid ~ bedaquiline 2 clofazimine ¥ Fik & 4 # § Fl & 3-5 B 1 %%ﬁr% ;@
MYCOTBI plate B ethionamide - rifabutin ~ para-aminosalicylic acid % cycloserine
#fr"p%—]"iiéef}?w\ TR A L7 BB o IR MIC A 450 T BB A R B

>3 '?'ﬂj % °

(Z) » 17 % 5 $F Z 4 Clofazamine %2 bedaquiline & &5 jpligz B 1 &4 % 5 (T4
(Drug-Drug Interactions, DDIs)

H%4vi 4 o iPIE 2008 T 2015 £ £ 63 th XDR & % #° # IR . clofazamine
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% bedaquiline ¥ &2 &4 2 3 (T4 Ffrocd pn )t - BESS F IR T3 -
EEEE T T L f BRSPS EL o L H R ek K Ak R
(MICs) i@ 82 F 1-128 2 e " » 5% A& F| ¥4k €% (Synergy, FICI <0.5) » iz %

¢ i 2 FFiT ¥ (Antagonism, FICI >2) /& % -

(z) BPEHLEGRERS

% 12 Resazurin microtiter assay % ¢ i i) T3%2F F#R(H37Ry, ATCC® 27294™) 1%
A LW RAcRe o 5 FEBTRAE 1tk Simple MDR F#k ~ 1 tk pre-XDR-FLQ ~ 1
Tk pre-XDR-SLID % 1 $& XDR Atk % {3 Atk H37Rv > TRk Atk & B4 g < (23]
fidrdk = > Ed 2R A 2322 kEREE4RT EF R >MGITGU &
RIIHFI oM B FARA 2338 BRI R EEFHRRAT AV IKER
RAABPFFE D R RATEIDLES HIBERP DEPAT AL
ERAELE R P EAHERFAZRRARP D FIRE 2 o FMREFE
¢ ;% lagphase % 4 £ i F et § o W2 5 4RFA MGIT GU 3+ 5 4 £ &% ps
a2 L Fdrd N o L MGIT3 4 4 4 £ 5% B o 3 Ftk H37Rv % simple
MDR Atk e ¥ 4 (Lag phase) & % 75 /] B¥ > XDR (1503-54)%. £ 196 /| f¥ o 2
4 £ S bR % Fk 27 0] ¥ simple MDR 2 1 $k XDR itk E® 20 ] BF >
lag phase & £ 7 XDR ( 1503-54):4 £ i F 5 31 /] FF » ¥7 XDR % %L 1503-93
30/ PF2 H37Rv e1127 /] PR > T A4 BFH 3 BFFREROLR o )L 5
FERHE-AEFREPHARL LR 2PV RS HE VR BRRELART &

T R Y Lk
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FHAFORERELIPAEF AL APM 325> 288527 11 7k
FRARFENLF DTS LGP SR EHFOEFT R EY S
f

TAARRREERER R DR ECTAREHES 2L AR 2

(=) B mFrFE R (MIC) B f» 5T 5k > 2 T & B g
WEPRE LR SF ERE APM EARR LS % 0 g Kappa @30

ar
E

- R ETENTRR & (cutoff) o Fhd TR E 0 4 T F T ’/;l;.ﬁ;\fr PT- Z Ty
RAR IR E AR ET L LESFREREEEPER R LR RET
HPERR AN VRERET FA B e H A ﬁi‘ﬁﬁ?f@p L
PIERR AR EAFIR B NPT SP R AL FRE DR -

AET R RO R (MIC)E - 3217 X B F AR (% 0 £ JFd ECOFF
B~ ?)*k? # [14-20] 2 @ 52 APM #E5gsk el k& [34] 447 > % MDR F
Pep B R A X 34 M~ ¢ 2 BAER B LA L MDR-TB 7 i * g

* 2

x\‘\

%

Biioh M2 7 REFEDNT I AEAE & MDRTBFE LG L 5 A4
B ER > URFIRTE 2 BEST [39-40]0 § & E5 o APM R
BE LiEpd Hipr e § 2 TR R A F g RS % 1 50 Bl (c) ethionamide
PrEAER A T B M =032 5% =40 g/mL; i T APM B % SR pE o H
LRI FRR ST R 0 PIEE K =03 258 20 ug/mL; B = (c) ethambutol
A APM BAESS R AW s B R AR MITERAFRZ 7 5 B

F2RfFRER S BREP O RGTRY LHRHR EUREREESTS -
AR D R AFENATR B M o 4 F P i@ ethionamide %
ethambutol a7 % 2 £ I T 7 fE % - A - MEF4H 2 fluoroquinolone #f % 4~
£ amikacin ¥ HFd TR 0k R HALE 2 RGP AR A 0 BRER B APM
FAGRR % 20 S PR SRR > LSRR PR 13 B HAR R
FPHREEFIURMERFAMENRRL ES DL RET G -d B- 2 B=R=F
S oA FIREE e T2 APM #EaTi85% BRI LEEN o 22 o & F e
2 B hRFrEER s EF AT oD 2 AT A - BERAIERRP o F o

A APM 5T EE R AT 0 7 Pﬁ:],i;,&ﬁﬂ‘%ﬁv}% B L B SR bk R
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P FERBE AR RIS RIRE N E T2 G AT R E R
HERFHRT > LR R AL REIER Fﬁ%m’“’" 5 g
R o FI o TRR FEET D Brb o By 0 &8 24 3 E S Y R R
RRZARR T BEHEEAMEN T RBLTBEE I BER Y ZES > M
A e 4F SR v o

b @R AR R MRS - L R RERR > TR R MITEER
MIC % % B -1 > kanamycin % #% & 3% (8-16ug/mL) » 2 amikacin % capreomycin
5 A2 FLF olsoniazid % rifampin ¥ #% 7173 $k MDR Ftk® 0 143 (82.7%)
t* fe ethionamide % MAZR % > @ § 148 (85.5%)tk o rifabutin 5 MAZ & F ¥ -
RS TRETRAFAERFFES DL BFFER PREF 07 FRFR
V- HFHEAFIRBRDE R o
& RHER T OEFocd v U R kanamycin 5 MICS0 2 MICI0 #r 7]

B P

-

Jk & B v amikacin S MIC50 2 MIC90 4+ %] & 1132 41y -4 & dc 2 MICS0
3% MIC90 % senZ J» 54 -1 » amikacin 2 »x 4 +* kanamycin 4+ - Levofloxacin
1 MIC50 2 MIC90 #r 7k /& &+ moxifloxacin 73 MIC50 2 MIC90 4 %| & 3 F&
2 1B R dc > 12 MICS0 2 MIC90 & 3.3 4~ 54 7 > moxifloxacin # 4
x4 1t levofloxacin 4 < MIC90 £ 4y it #r ] 90% Ftk 4 £ chd e Fk B 0 22 WHO
TR AMGIT # iy Eacqefh kB v [17]) 4 £ T amikacin <9 MIC90 £7 % i &
Ftieh B R AR 5 1 g/mL> para-aminosalicylic acid <7 MIC90 ¥ /% it & 57 qf )k
RAPA 4 BISHAFR - 2 # 5 MICO0 277 & BFaripfht EA AT RIS AL
ELREHHFR 2080 FFEERIRER 28 38 K1 BRHFHFR
- HGRTA AL R AR EEATRRRA Y RIS AL T LB F
g2 - MBREFLREL PR F2 - [20]); 2 = REF DLPARE F 52
o W H - fRR kR TS N T E N AR 2 A [18,34)) B2 2 H )
Moo

BEAR > P 2rf o uenfR S 2 v 5 TP BERE%R o AT - Hd Kappa
B AT W RTEE LR EFGER D Z A B RS- KL d 22 2 R
ZWRERA T ERGOSERET TR L ERE AR RE kR FRA
P ALV IRRE R R - A R D P i E R R R R R R ERES

aprFER 0 B2 SARR B (L RATRE ARERES  RF SR
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R EMAERE BT BREOFAR B TR Y TP ERRERT R R RGE

it *w?g‘zﬁrs,& SR % o

5

(= )d ZEH 2242 5 (£ % (Drug-Drug Interactions, DDIs) 4 #77% I > clofazimine

% bedaquiline & & p|3& > Bn CFZ ¥ 3§ * >+ 22 BDQ %2 & > # * * XDR &£ 7 #7&

iR R R POR A RS R A R PURR T A M - R 2 RRET AR

FEREMMP FHE L 2 F R ok o FlUt o FAPE . WA F
# 4

AT T DT £

WEFFLIREL - FLIE21E

(2) REFAKRL £ T BI(fitness) s F Slicdy - B * HERIE » L LR
(spectrophotometry) » & = = 2 Bl -V ERZ FHRLRME - AT RS
BT AR A% X Wb &4 B Resazurin» £.F F1E ¢ Bt eimL &5
JiT* > LRPEH2IIAVARS 1"51’:}7??');’%%;7‘7?  resazurin $33 14 A Fuop i 4
i 2 0 275 ] (Francisella tularensis ) % 3 #.fF 4 [37]- g2 ik~ % Von Groll

A% [35)] #* 22 27 ENEBPEAZERRIELS:  AFTATERY &k

~

%&?miiiﬁ%&%"1ﬁi-“#m4w@%Mﬁﬁ&£ugg,%g
ook B FE s 0 Flpt et 15mL g F oo Beildoe ;;& # % 196314 5 1L
Big ARk RRRET > AR AR BT REFODRE ) AT R
BHAEY L oA R R MAHIAF AT RRGY IR o1
MGIT 24 % B 2 RPIATR R RN TR 2 « AT 7T 2 L FRBBRE
% &gt 0 BRI (lag phase)r = MEFE AL M o d - FHREFEIEAE
g0 B 2R R IR R S SE 2 AR fhsimple MDR Btk o H B F 8 B
®o i 750 FF e 2R@ > ¥% 1503-93 XDR Ftks E75 ) BF o H B A G
77 > fluoroquinolone # 4 > 1% > e §_3 fd - A F 4-H| ¢ > & capreomycin FL¥ >
¥ = f84%) kanamycin 2 amikacin 2 4TE © Sa%L 1202-152 XDR kL i 27 B A
£ 5 85 ) pF > d HELEA A > &4 cr moxifloxacin #1% > 2 &_levofloxacin
SR w348 MELRY 5 I kanamycin % > ¥ = 48 4% capreomycin %
amikacin 2 TR o B K & FH 196 -] BF XDR (1503-54) Ftk o ot FtFEE ) i A

% fluoroquinolone #f 2 3 & = A& 4| > ¥ o
15



SERREERHT  BFDR - AERFULTM - &- H ] F48
FERZRBEAPSPAK LFL LG RIER P UFSF R R RS G
2o EREFRRBRRL S o AP H - &

724 & RRRARES 2 &
£ FRIAp RS G Mo F R S hh B E A PR % B

At d 22 £ Rt % Gl - A it

Sz 'r"’g * MGIT™ B % ?

A\

s

EREPA- L s BFY B RFULH2

ERS
5

|
3 rs»l
Gy

¥

16



g

Fe 53

|
s
1%
G

1. PR £ s 2 F2E%H 4 ¥ F E(Intermediate) 12 3% 3 MICs ;2 22 3 #3
e REF o U TR T ERIAPEF R ERERI RS T -
RBERF > LR kp B EH MICs 75 AR 2 FLE L R B I MICs -
I Wt AR AR S B R LA R AR

BB B o

2.&ﬁﬁ%é&ﬁ%ﬁ%&%%ﬁ&ﬁ%%éiHbﬁﬁﬁﬁﬁﬁﬂi’ﬁﬁ
BRGER D ZRAER ~RA VB2 22 E o .

3. d BB &SR3 0T o 478 I 0 clofazimine 2 bedaquiline & & |3 » BT
CFZ¥ i * ** 2 BDQ £ 7 * ** XDR & § $7kisf § RBHp £ A %3 -

FPoZr i3 e ER S FAEF e NP FRR ST 2 EH T F

T (T e
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(-) 22T %

1. = % 4 MDRtkepidemiological cut-off (ECOFF);i i 5 & FTALE « 3 45 4%
B2 B MIrEER AT B BEod o

2. & # i * bedaquiline¥ clofazimine » # 4 2c4 343 F4f o ToaE 2 i L
@ 2 R EINAT o B FANRREHE o

3. 2R BEMCBEIRIER D UFREERPRG FF LB E 2
B a4 o %~ & F 6| i MDREF[ R BIPRAE o

4, 2 BPELE G RERGREE R FLET SR HORBH T %R T
Lo BROTRERL FRE T 2 ATIMA S 44T

(=) =HER

1. HPR @R 2 FERA 7 & E(Intermediate) > 1 { v BFETE R &
i F GBS BT o

2. BT EFRREHTLEE  RERAFIRFRERL OB LA

3. B ECOFFR RS FHE » W ERIMG Fhoed HREFkared %
Lo

4. * BPRL R REREK > 22 A FEFHROHBH
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Capreomycin

120

Cut-off
100
w B0
3
5
-]
2 60 cmax
s
o
Z a0
Intermediate
20 I I
0 _ m L = -
<012 025 05 1 2 4 8 s | 2
= = (range
MIC(ug/mL) by Janssen Custom Panel™ 20-47)
B Susceptible by APM, n=149 M Resistant by APM, n=2
120 Kanamycin
100
v
3 80
K.
o
2 &0 C
s Cut-off L
5 40 1'
20 Intermediate
I m
P _ = S [}
<0.12 0.25 0.5 1 2 4 8 >16 22
MIC(pg/mL) by Janssen Custom Panel™
® Susceptible by APM, n=162 W Resistant by APM, n=11
- Amikacin
80
70
& 0
5
3 50
.E o Crnax
‘c_!i 30 Intermediate
20 Cut-off J
10 i
o - m " B
<0.12 0.25 0.5 1 2 4 8 >16 264
MIC(pug/mL) by Janssen Custom Panel™
m Susceptible by APM, n=165 M Resistant by APM, n=8

APM: agar proportion method

Bl = (a) capreomycin ~ kanamycin 2 amikacin & <3 Fik & A T § F
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Moxifloxacin
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50
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30
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- Intermediate

M émm,',l
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<006 012 025 0.5 1 2 3'1'124
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% Cut-off Levofloxacin

80

70 cmax
v
3 60
i
o 50
—
‘B 40
S 3
- Intermediate

20

10 I l

0 e &= [raa= =] x
<0.12 0.25 0.5 1 2 5q 712
MIC(pg/mL) by Janssen Custom Panel™
B Susceptible by APM, n=153 M Resistant by APM, n=20

APM: agar proportion method

B = (b) moxifloxacin % levofloxacin & i< ¥r ik & & # # Fl
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Ethionamide
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03 06 12715 5 10 20 349
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5 I _

0 -

1 2 a 5 8 >16

<025 05
MIC(pug/mL) by Janssen Custom Panel™

m Susceptible by APM, n=54 M Resistant by APM, n=96

APM: agar proportion method

Bl = (c) ethionamide * ethambutol & i3 7k & » # § [
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Linezolid
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MIC (pg/mL) by Janssen Custom Panel™
Clofazimine
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Bedaquiline
m ]
3
S
]
)
Y
(=] I l ECOFF
[°)
] J
_- -
=0.008 0.015 0.0 0.0 0.12 0.25 0.5 1 2 =4
MIC (pg/mL)

B 7H11 Agarin 24 Wells = 7H9 Broth in 96 Wells

B = (d)Linezolid - clofazimin # bedquiline & M3 Fk & » # # [
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% of Cumulative Frequence
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——S

<0.12 025 05 1 2 4 8 >16
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<012 025 05 1 2 4 8 16
MIC(pg/mL)

% of Cumulative Frequence
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Amikacin

100%

[ 3
[ 3
»

<012 025 05 1 2 4 8 16
MIC(pg/mL)

Bl= (a) capreomycin ~ kanamycin %2 amikacin & MFrEFER AP A
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Moxifloxacin

L ]
L
b

.

100%

80%

60% 86.3%

40%

20%

0% z - =

% of Cumulative Frequence

<006 012 025 05 1 2 >4
MIC(pg/mL)

Levofloxacin

L
b

100% >
80% |
60%
40%
20%

0%

% of Cumulative Frequence

<0.12 0.25 0.5 1 2 >4
MIC(pg/mL)

Bl = (b) Moxifloxacin % levofloxacin & 3w Fik & & 7 A~ v

30



Ethionamide

8 100% . . .
Q
=
& 80%
| ==
E 60% 60.4%
5 40%
g
’3 20%
T 0%
R

<03 06 12 25 5 10 20 340

MIC(pg/mL)
Ethambutol
100% - o * & .

Q

=

Q

&

o 60%

[T

S 4%

=

I 20%

£ - |

a 0% = k——k—"

3 <025 05 1 2 4 8 16
MIC(pg/mL)

Bl = (c) Ethionamide %2 ethambutol & ¥ FE AR % f 7 » 1
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Growth Curve of H37Rv (104 CFU/mL)_5days*

15

0.18
0.14
0.13
/ Stationary Phase
0.10
2
8 Log F)[ase
0.08
0.07
Lag Phase
0.05 /
0.03
0.00 & &
6 8 11 13 14 15 18 25 26 27 28
Time (d)

*: Incubation days before adding resazurin.

Ble %2 F1R(H37Rv, ATCC® 27294™)1R & 4 £ &
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= = Sensititre™ MYCOTBI for M. tuberculosis % 4 -+ £, B

1a 2a 3a 4a 5a 6a 7a 8a 9a 10a 11a 12a
OFL | MXF [ RIF AMI | STR RFB | PAS | ETH | CYC | INH KAN | EMB
32 8 16 16 |32 16 64 | 40 256 |4 40 32

1b 2b 3b 4b 5b 6b 7b 8b 9b 10b |11b |12b
OFL | MXF | RIF AMI | STR |[RFB | PAS [ETH |CYC |INH | KAN |EMB
16 4 8 8 16 8 32 20 (128 |2 20 16

1c 2C 3c 4c 5c 6¢c 7c 8c 9c 10c 11c 12c
OFL | MXF [ RIF AMI | STR RFB PAS | ETH | CYC | INH KAN | EMB
8 2 4 4 8 4 16 10 64 1 10 8

1d 2d 3d 4d 5d 6d 7d 8d 9d 10d |11d | 12d
OFL | MXF | RIF AMI | STR |RFB | PAS | ETH | CYC |INH | KAN | EMB
4 1 2 2 4 2 8 5 32 0.5 5 4

le 2e 3e 4e 5e 6e 7e 8e 9e 10e 11e 12e
OFL | MXF [ RIF AMI | STR RFB | PAS [ ETH | CYC | INH KAN | EMB
2 0.5 1 1 2 1 4 2.5 16 0.25 25 |2

1f 2f 3f Af 5f 6f 7f 8f of 10f | 11f 12f
OFL | MXF | RIF AMI | STR |[RFB | PAS [ETH |[CYC |INH |[KAN |EMB
1 0.25 [ 0.5 0.5 1 0.5 2 12 |8 0.12 12 |1

1g 28 3g 4g 5g 6g 78 8g 9g 10g | 11g 12g
OFL | MXF | RIF AMI | STR |RFB | PAS | ETH | CYC |INH | KAN | EMB
0.5 0.12 | 0.25 | 0.25 0.5 | 0.25 1 0.6 4 0.06 0.6 0.5

1h 2h 3h 4h 5h 6h 7h 8h 9h 10h
OFL | MXF | RIF AMI | STR | RFB | PAS | ETH | CYC | INH
0.25 | 0.06 |0.12 |(0.12 | 0.25 | 0.12 0.5]0.3 2 0.03

POS | POS
CON | CON
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Janssen Sensititre Custom Panel CML4FBDQ for M. tuberculosis % 4 7+

i B

1a 2a 3a 4da 5a 6a 7a 8a 9a 10a | 11a 12a
BDQ BDQ | BDQ | BDQ | BDQ | BDQ | BDQ | BDQ | BDQ | BDQ | RIF RIF
0.008 |0.015]0.03 |0.06 |0.12]10.25]0.5 1 2 4 0.06 |0.12
1b 2b 3b 4b 5b 6b 7b 8b 9b 10b | 11b | 12b
RIF RIF RIF RIF RIF INH | INH INH JINH | INH | INH INH
0.25 0.5 1 2 4 0.03 ]0.06 |]0.12 ]10.25]0.5 1 2
1c 2c 3c 4c 5c 6¢ 7c 8c 9¢ 10c | 11c 12c
INH INH INH OFL | OFL | OFL | OFL OFL | OFL | OFL | LEVO | LEVO
4 8 16 |0.12 |0.25 ] 0.5 1 2 4 8 0.12 ] 0.25
1d 2d 3d 4d 5d 6d 7d 8d 9d 10d | 11d 12d
LEVO LEVO | LEVO | LEVO | MXF | MXF | MXF | MXF | MXF | MXF | MXF | KAN
0.5 1 2 4 0.06 |0.12 | 0.25| 05 )1 2 4 0.12
le 2e 3e de 5e 6e 7e 8e 9e 10e | 11le 12e
KAN KAN | KAN | KAN | KAN | KAN | KAN | AMI | AMI | AMI | AMI | AMI
0.25 0.5 1 2 4 8 16 0.12 | 0.25 | 0.5 1 2
1f 2f 3f 4f 5f 6f 7f 8f of 10f | 11f 12f
AMI AMI | AMI | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | LZD

4 8 16 |0.12 |0.25 ]| 0.5 1 2 4 8 16 0.12
1g 2g 3g 4g 5g 6g 78 8g 9g 10g | 11g POS
LZD LZD LZD LZD LZD | LZD | CFz CFZ | CFZ | CFZ | CFZ

0.25 0.5 1 2 4 8 0.01510.03 | 0.06 | 0.12 | 0.25
1h 2h 3h 4h 5h 6h 7h 8h 9h 10h | 11h NEG
CFz CFz CFzZ | CFz EMB | EMB | EMB | EMB| EMB | EMB | EMB

0.5 1 2 4 0.25| 0.5 1 2 4 8 16
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% = Checkerboard |3 %4 7 2, B
'QC+100ul 7H9  [D/W D/W D/W D/W D/W D/W D/W D/W D/W D/W C+100ul 7H9
CFM 1A 2A 3A aA 5A BA TA 8A 9A 10A 11A BDQ 12A
BDQ, BDQ, BDQ, BDQ, BDQ,
QC+100ul 7H9 BDQ 0.5 BDQ 0.25 BDQ 0.125 0.0635 003135 00156 00078 0.0039 CFM QC+100ul 7H9
10
CFM CFM 0.5 CFM 0.5 CFM 0.5 CFM 0.5 CFM 0.5 CFM 0.5 CFM 0.5 CFM 0.5 0.5 GC(+] BD
1B 2B 3B 4B 5B 6B 7B 8B 9B B ) L1B Q 12B
BDQ, BDQ, BDQ, BDQ, BDQ,
+ . . . +
QC+100ul 7H9 BDQ 0.5 BDQ 0.25 BDQ 0.125 0.0625 0.03125 0.0156 0.0078 0.0039 CFM QC+100ul 7H9
10
CFM 1c CFM 0.25 2C CFM 0.25 3C CFM 0.25 ac CFM 0.25 5C CFM 0.25 6C CFM 0.25 7c CFM 0.25 s CFM 0.25 ac 0.25 c GC(+) 110 BDQ 12¢
BDQ BDQ BDQ BDQ BDQ
QC+100ul 7H9 BDQ 0.5 BDQ 0.25 BDQ 0.125 0.0625 0.03125 0.0156 0.0078 0.0039 CFM QC+100ul 7H9
CFM CFM 0.125 CFM 0.125 CFM 0.125 CFM 0.125 CFM 0.125 CFM 0.125 CFM 0.125 CFM 0.125 0.125 10 GC(+) BDQ
1D 2D 3D 4D 5D 6D 7D 8D 9D D 11D 12D
BDQ BDQ BDQ BDQ BDQ
QC+100ul 7H9 BDQ 0.5 BDQ 0.25 BDQ 0.125 0.0625 0.03125 0.0156 0.0078 0.0039 CFM QC+100ul 7H9
CFM CFM CFM CFM CFM CFM CFM CFM 10
£ 1E| poe25 2E| poe25 3E| 00625 4E| 00625 SE| poe2s  6E| 00625 7E| 00625 8E| poe25 9E 0.0625 ARt — 12E
BDQ, BDQ, BDQ, BDQ, BDQ,
QC+100ul 7H9 BDQ 0.5 BDQ 0.25 BDQ 0.125 0.0635 003135 00156 00078 0.0039 CFM QC+100ul 7H9
CFM CFM CFM CFM CFM CFM CFM CFM 10
A 1F| po0313  2F 00313 3F 00313 4F 00313 5F 00313 6F 00313 7F 00313 8F 00313 9F QO3S Gt 2 12F
QC+100ul 7H9 BDQ BDQ BDQ BDQ BDQ BDQ BDQ BDQ CFM CFM QC+100ul 7H9
10
CFM 16 0.5 26 0.25 3G 0.125 4G 0.0625 5G 0.03125 6G 0.0156 7G 0.0078 8G 0.0039 9G 1 G 2 116 BDQ 12G
QC+100ul 7H9 QC+100ul 7H9
CFM 1H| 6c-) 2H] e¢) 3H| ec) aH| ec) sH 6} 6H| 6  7H| 6C(-)  8H| 6¢() 9H| 6c) oW ec) us|  BbQ  12H
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2w @ R R S Mk LR R R A

Drug (list of concentractions No. of resistant Low-level Intermediate-level High-level

: h (o, lud i

tested in  g/ml) strains? resistance® (%) resistancef (%) resistances (%) Susceptible” (%) Exclude
7

oniazid (0.3, 0561':);12' 173 28 (16%) 127 (73%) 13 (8%) 5 (3%) -
g'fsan;” z(‘())éos, 0.12,0.25, 173 2 (1%) 16 (9%) 150 (87%) 5 (3%) -
ig;j‘mb“m' (05,1.2,4,8, 101 5 (5%) 73 (72%) 20 (20%) 3 (3%) :
Et:";”alrg";g (3330'6' 12, 51 8 (16%) 11 (22%) 0 32 (63%) -
Zlf;b;:): (0.12,0.25,0.5, 1, 2, 152 3 (2%) 22 (14%) 0 127 (84%) -
Para-aminosalicylic acid (0.5, 9 1(11%) 5 (56%) 2 (22%) 1(11%) -

1,2,4,8,16,32,64)
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Drug (list of concentractions

No. of resistant

Low-level

Intermediate-level

High-level

. h{o, i
tested in  g/ml) strains? resistance® (%) resistancef (%) resistances (%) Susceptible™(%) Exclude
Eaza;m;cg;\e(o.lz, 0.25,0.5,1, 11 1(9%) 2 (18%) 8 (73%) 0 -
:rrg’ki\(c;l): (0.12,0.25,0.5, 1, 2, 3 0 1 (13%) 7 (88%) _ )
in (0.12, 0.25, 0.

ia;’rim;ylcg)‘e(o 0.2, 0.5, 9 5 (56%) 2 (22%) 0 2 (22%) :
(L)e;"’;'ozxa:)'z (0.06,0.12,0.25, 20 2 (10%) 4 (20%) 13 (65%) 1(5%) -

i i . .12,0.2
OM:X'I‘C";XT)L” (0.06,0.12,0.25, 24 3 (13%) 14 (58%) 3 (13%) 0 4
Linezolid (0.12, 0.25, 0.5, 1, 2, ob NA NA NA _ _
4, 8)°
TMC-207 (Bedaquiline)
(0.008, 0.015, 0.03, 0.06, NA NA NA NA - -
0.12,0.25,0.5,1, 2, 4)¢
Clofazimine (0.015,0.03, 0.06, NA NA NA NA _ i}

0.12,0.25,0.5, 1, 2, 4)®
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a Phenotypic resistance was determined by agar proportion method.
b Phenotypic resistance was determined by MGIT.

¢ Low-level resistance was defined as resistance at the H37Rv(ATCC® 27294™) quality control range and the critical concentraction by agar
proportion method (green label), but susceptibility at the intermediate drug concentration.

d Determined by Sensititre™ MYCOTBI for M. tuberculosis.
e Determined by Janssen Sensititre Custom Panel CML4FBDQ for M. tuberculosis .

f Intermediate-level resistance was defined as resistance at the screening concentration and the intermediate concentration, but
susceptibility at the highest concentration.

g High-level resistance was defined as resistance at all concentrations tested

h The MIC =< the QC range of H37Rv

i Determined by the poor aggreement between MYCOTBI and Janssen
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F I AR R MFrFE R F AR sk TR B3R MICS0 2 MIC90 A 47
. AUC (Area
Drug (list of .
ug (list of No.-of  wicso  MICoo  MICrange . Under the .
concentractions susceptible (g/ml)  (ug/ml) (ug/mL) C... (ug/mL) Curve) PK methodology!
tested in mL ins® .
in ©g/mlL) strains (mg-h/L)

Isoniazid (0.03, 0.06, EA: 5.4420 FA: 1946.1 Single oral dose of 6.2 mg/kg

0.12,0.25,0.5, 1, 2, 0 NA NA 0.12 ->16 SA: 7.1+1.9 SA: 48.241 5 FA = fast acetylators

4,8,16)° T 7T SA =slow acetylators

Rifampin (0.06, 0.12, .

0.25, 0.5, 1,2, 4)° 0 NA NA 0.06->4 14.91 117.93 Single oral dose of 10-15 mg/kg
Prospective study PK evaluated
after 2 months daily treatment
with 100+ patients, dose median

Ethambutol (0.5, value 24.5 mg/kg. FDA label on

7 1 4 0.5- 24.

1,2,4,8,16)° 0 -8 > ? myambutol: Cmax 25 mg/ml (24 h
after dosing), drug undetectable 24
hours after last dose except in
cases of renal insufficiency.

Ethionamide (0.3, Mean PK for 250 mg oral dose

0.6,1.2,2.5,5, 10, 122 0.6¢ 2.5¢ <0.3-20¢ 2.16 7.67 using film-coated tablet in healthy

20, 40)¢ adults

Rifabutin (0.12, 0.25, 27 <0.12¢ <0.12¢ =0.12¢ 3754267 ng/L i 300 mg single oral dose to healthy

0.5, 1,2, 4, 8, 16)°

volunteers
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AUC (Area

Drug (list of No. of

g (list of °-0 MIC50  MIC90  MIC range . Underthe .
concentractions susceptible (ng/ml)  (ug/mL) (ug/mL) C... (ug/mL) Curve) PK methodology’
tested in  g/mL) strains® (mg-h/L)
Para-aminosalicylic 9-35 Single 4 g dose in healthy adults.
acid (0.5, 1, 2, 4, 8, 164 <0.54 1d <0.5->644 (median 20) - A level above 1 mg/ml was
16, 32, 64)¢ maintained for 8 hours

7.5 mg/kg dose given i.v.

. Intravenous administration of KAN
Kanamycin (0.12, over a period of one hour resulted
0.25,0.5,1, 2, 4, 8, 162 2 4 0.25 -8¢ 22 - ) P . o

in serum concentrations similar to
16)¢ . .
those obtained by intramuscular
administration
Amikacin (0.12, 0.25, 6.311.4 mg/kg dose given 3 times
1 1 1 =0.12-4 264 - .
05,1,2, 4,8, 16)° 65 6 daily to steady state
Capreomycin (0.12,
0.25,0.5,1,2,4,38, 164 2d 2d 0.25-89 32 (range 20-47) - Dose: 1 g CAPi.m.
16)¢
Levofloxacin (0.06,
0.12,0.25,0.5,1, 2, 153 0.5 0.5 =0.12-2 7-12 71.4-110.0 Dose 750 mg oral
4)°
Moxifloxacin (0.06 . .
! le 4 I health
0.12, 0.25,0.5, 1, 2, 149 0.12 0.25 <0.06-0.5 3.141 361491  nle 400 mgoral dose in healthy
a)° young adults
Cycloserine (2, 4, 8, 171 — 5 16¢ —2.-64d 25-30 i Cmax after a dose of 250 mg every

16, 32, 64, 128, 256)¢

12 hours
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AUC (Area

D list of .

rug (list of No.of  \icso  mIc90  MICrange . Underthe .
concentractions susceptible (ng/ml)  (ug/mL) (ug/mL) C... (ug/mL) Curve) PK methodology’
tested in  g/mL) strains® (mg-h/L)

. . Single dose
Linezolid (0.12,0.25, /¢ 0.5 0.5 <0.12-2  12.7%,12.9%%  91.4* 80.2** *600 mg i.v.
05,124, 8)¢ * %

600 mg oral

TMC-207
(Bedaquiline) (0.008, AUCs for a once-daily dose at 50
0.015, 0.03, 0.06, NA 0.03 0.12 =0.008 - 0.25 - 7.91, 24%*, 52** *150 and **400 mg/day for 14
0.12,0.25,0.5,1, 2, days
4)e
Clofazimine 200 mg fasting oral dose
(0.015,0.03, 0.06, NA 0.03 0.06 ~0.015-0.5 0.145 15 (administered with PAS,

0.12,0.25,0.5, 1, 2,
4)¢

cycloserine, ETH and pyridoxime),
Tmax 6.23 h

a Phenotypic resistance was determined by agar proportion method.

b Phenotypic resistance was determined by MGIT.

d Determined by Sensititre™ MYCOTBI for M. tuberculosis.

e Determined by Janssen Sensititre Custom Panel CML4FBDQ for M. tuberculosis .

j According to reference 20.
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% = Kappa & 4 17

7H11 Agar Broth Microdilution Method?® ,
Raw Cohen’s
. i No. of . b . No. Agreement Kappa
Critical Concentration  Result . Determined MIC (pg/mL) and no. of Isolates No. Resistant . g Pp
Strains Susceptible
Ethambutol =025 05 | 1 | 2 4 | 8 |=16
1 42 2

5 pg/mL 96 0 0 3 5 3 0 93 3 0.98 0.96
s 54 6 33 15 11 5 0 0 0 54

Capreomycin <012 025 0.5 1 | 2 | a 8 =16

10 pg/mL R 9 0 0 0 0 0 2 5 2 2 0 1.00 1.00
s 164 0 1 5 40 103 13 2 0 0 149

Kanamycin <012 025 0.5 1 2 | a | s >16

11 1 1 1

6 pg/mL 0 0 0 0 0 9 9 0.99 0.94
s 162 0 1 5 24 103 28 1 0 0 161

Amikacin =012 025 05 1 2 | a |8 |z16 |

6 ug/mL R 8 0 0 0 0 0 0 0 8 8 0 1.00 1.00
s 165 1 8 65 84 6 1 0 0 0 165

Ethionamide =03 06 12 |25 | 10 20 =40
R 1 1 4 11 1 1

10 pg/mL > > 6 8 8 8 9 6 0.89 0.63
s 122 22 46 31 13 7 2 1 0 1 112

Moxifloxacin =006 012 |025 |o0.5 1 2 =>4

0.5 pg/mL R 24 2 0 0 2 3 2 15 15 2 0.99 0.93
s 149 7 70 64 8 0 0 0 0 141

Levofloxacin 0 0 0 =012 025 o5 | 1 2 =4 | 0 0
R 20 0 o0 0 1 0 2 17 17 1

1 ug/mL 0.99 0.97
s 153 0 2 64 78 6 3 0 0 144

a All of the MIC values determined by Janssen Custom Panel CML4FBDQ. Only ethionamide determined by MYCOTBI.

b [ : Susceptible;

: Intermediate; [__] : Resistant
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25 EEEPE LG RERRARLEFR L1
Isoniazid Rifampicin Ethambutol Streptomycin Pyrazinamide
Simple MDR 1602-76 R R S S S
1202-152 R R R R S
XDR 1503-93 R R R S R
1503-54 R R R R R
Capreomycin Kanamycin Amikacin Moxifloxacin Levofloxacin
Simple MDR 1602-76 S S S S S
1202-152 S R S R S
XDR 1503-93 R S S R R
1503-54 R R R R R
Ethionamide Rifabutin Prothionamide Cycloserine Linezolid
Simple MDR 1602-76 S S S S S
1202-152 R R S S -
XDR 1503-93 S R R S S
1503-54 R R S S S
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F A~ The length of lag phase and rate of growth obtained MGIT960™ methods

Strain Length of lag phase (h) Rate of growth (h)
H37Rv 75 27
1602-76 (Simple MDR) 75 20
1503-93 (XDR) 75 30
1202-152 (XDR) 85 20
1503-54 (XDR) 196 31
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1 Bedaquiline 3 Clozazimine &4 2 Z $. 3 3 {¥* FIC| {&

BDQ MIC ratio CFZ MIC ratio

MDB BDQ CFz of decrease in of decrease in
itor.aln Fici alone alone BDQ/CFZ CFz/BDQ combined with combined with
CFz BDQ
1 0.56 0.02 0.50 0.01 0.03 2 16
2 0.56 0.13 0.50 0.06 0.03 2 16
3 0.56 0.13 0.50 0.06 0.03 2 16
4 0.56 0.03 0.50 0.02 0.03 2 16
5 0.56 0.03 0.50 0.02 0.03 2 16
6 0.56 0.13 0.50 0.06 0.03 2 16
7 0.56 0.25 0.50 0.13 0.03 2 16
8 0.62 0.02 0.25 0.01 0.03 2 8
9 0.62 0.06 0.50 0.01 0.25 8 2
10 0.62 0.06 1.00 0.01 0.50 8 2
11 0.63 0.06 0.50 0.03 0.06 2 8
12 0.63 0.13 0.50 0.06 0.06 2 8
13 0.63 0.13 0.50 0.02 0.25 8 2
14 0.63 0.13 0.25 0.06 0.03 2 8
15 0.63 0.25 0.50 0.13 0.06 2 8
16 0.63 0.13 1.00 0.06 0.13 2 8
17 0.63 0.06 0.25 0.03 0.03 2 8
18 0.75 0.02 0.25 0.01 0.06 2 4
19 0.75 0.02 0.13 0.01 0.03 2 4
20 0.75 0.02 0.13 0.01 0.03 2 4
21 0.75 0.02 0.25 0.01 0.06 2 4
22 0.75 0.03 1.00 0.01 0.50 4 2
23 0.75 0.13 0.50 0.03 0.25 4 2
24 0.75 0.06 0.06 0.02 0.03 4 2
25 0.75 0.03 0.25 0.02 0.06 2 4
26 0.75 0.03 0.50 0.02 0.13 2 4
27 0.75 0.06 0.13 0.03 0.03 2 4
28 0.75 0.03 0.25 0.02 0.06 2 4
29 0.75 0.06 0.13 0.03 0.03 2 4
30 0.75 0.13 0.50 0.06 0.13 2 4
31 0.75 0.13 1.00 0.06 0.25 2 4
32 0.75 0.13 0.50 0.06 0.13 2 4
33 0.75 0.03 0.25 0.02 0.06 2 4
34 0.75 0.03 0.50 0.02 0.13 2 4
35 0.75 0.06 0.50 0.03 0.13 2 4
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BDQ MIC ratio CFZ MIC ratio

MDR
) BDQ CFz of decrease in of decrease in
S’:gm FIC] alone alone BDQ/CFZ CFZ/BDQ combined with combined with

CFz BDQ

36 0.75 0.06 1.00 0.03 0.25
37 0.75 0.06 0.50 0.03 0.13
38 0.75 0.03 0.50 0.02 0.13
39 1.00 0.02 0.13 0.01 0.06
40 1.00 0.02 0.25 0.01 0.13
41 1.00 0.02 0.50 0.01 0.25
42 1.00 0.06 0.25 0.03 0.13
43 1.00 0.03 0.25 0.02 0.13
44 1.00 0.03 0.25 0.02 0.13
45 1.00 0.03 0.13 0.02 0.06
46 1.00 0.13 0.13 0.06 0.06
47 1.00 0.25 0.50 0.13 0.25
48 1.00 0.06 0.25 0.03 0.13
49 1.00 0.06 0.06 0.03 0.03
50 1.00 0.06 0.13 0.03 0.06
51 1.00 0.03 0.25 0.02 0.13
52 1.00 0.06 0.25 0.03 0.13
53 1.00 0.06 0.25 0.03 0.13
54 1.00 0.06 0.25 0.03 0.13
55 1.00 0.50 1.00 0.25 0.50
56 1.00 0.13 0.50 0.06 0.25

N N N N N N N N N DN DNMNMNMDNMNMNDNMNMNDNMNDNMNDNMNMDNMNMNDNMNMDNNNDN

A P P P P RP EFEP NNNDNDNDNDNNNNNNDNDNDNDDNDDNODDNDDDSDDd

57 1.01 0.50 0.50 0.00 0.50 128
58 1.03 0.13 0.25 0.00 0.25 32
59 1.06 0.50 0.50 0.03 0.50 16
60 1.12 0.03 0.13 0.00 0.13 8
61 1.13 0.13 0.25 0.02 0.25 8
62 1.25 0.01 0.13 0.01 0.03 1
63 1.25 0.03 0.13 0.03 0.03 1
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