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Abstract
Purpose

In order to monitor the trend of anti-tuberculosis drug resistance in Taiwan
by using standardized methods, both Lowenstein-Jensen (L-J), Mycobacteria
Growth Indicator Tube (MGIT) 960 and agar 7H10 methods were compared in
parallel. The overal goal of this project is to improve the performance of the

national tuberculosis control program.

Materialsand Methods

In this study, reference stains obtained from ATCC, 21 tested strains from
supernational reference laboratory and 44 Mycobacterium tuberculosis strains
from local clinical laboratories have been tested using standardized L-J and
MGIT 960 drug susceptibility tests.

Results and Discussion

The overall performance of both methods in ATCC reference strains were
100% satisfaction, while, L-J method was more stable and accurate than MGIT
method when evaluating clinical and tested strains. The discrepancy results
obtained from MGIT method were mainly due to operational issues, including
drug concentration, inoculums concentration, suspension homogeneity,
contamination, etc. The MGIT method provides drug-resistant final results
faster than L-J method.

Conclusion and Suggestions

The laboratory proficiency, particularly the sensitivity and specificity of
drug susceptibility testing, may affect the prevalence result of drug resistance.
For drug resistance surveillance, the L-J method might be the better choice;

while, in clinical laboratory MGIT method might be able to provide results for



early patient treatment.

Key Words. Mycobacterium tuberculosis, Drug susceptibility test, Mycobacteria
Growth Indicator Tube method
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() (patient intake)

(outbreak)

()

Access

()
1. Lowenstein-Jensen (L-J)
(SPF)

Isoniazid stock solution 1mg/ml, working solution

11



20ug/ml;  rifampicin  stock solution 10mg/ml,
working solution 2mg/ml; streptomycin  stock
solution 2mg/ml, working solution 400pg/mi

ethambutol stock solution 1mg/ml, working solution

200pg/ml - para-aminosalycilic acid stock solution

1mg/ml, working solution 100pg/ml

2 L-J
37.2g L-J base 12ml glycerin  600ml
2L
121 15
1000ml 200ml
500ml
5ml
85 40
L-J 4
2
L-J
(fresh culture)
1 1 mg/ml
2 10t 10°
3 102 (  calibrated Pasteur pipette
) control L-Jtube

4 0.1ml 102 L-J
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tube

5 10° (  calibrated Pasteur pipette
) control L-Jtube
6 L-Jtube L-J
tube
7 6 L-Jtube 37
3.
28
42 (Biopsy)
B.MGIT 960
1.

1.0 and 6.0 ug/ml for SM, 0.1 and 0.4
ug/ml for IHN,1.0ug/ml for RMP, and 5.0 and 7.5 ug/ml for
EMB

2. OADC
0.8mL OADC
3. L-J (fresh
culture)
1 Macfarland 0.5
2 1:5 1:50
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growth control, SM at 1.0 ug/ml, SM at 6.0 ug/ml,
INH at 0.1 ug/ml, INH at 0.4 ug/ml, RMP at 1.0ug/ml,
EMB at 5 ug/ml, and EMB at 7.5 ug/ml.

2 0.5ml 1:500 SIRE control

MGIT 960 tube
3 0.5ml 1:5
SIRE MGIT 960 tube

4 MGIT 960 tubes 37 MGIT 960
5.
GU 100
C. Agar 7TH10
1. agar
2

- SM2.0ug/ml,INH0.2 ug/ml,

RMP1.0 ug/ml,EMB7.5 ug/ml,PAS8.0 ug/ml,
EA10.0 ug/ml and K6.0 ug/ml

- SM2.0 ug/ml and 10.0 ug/ml,INHO.2 ug/ml

and 1.0 ug/ml,RMP 1.0 ug/ml,EMB5.0 ug/ml
and 7.5 ug/ml
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2

(fresh culture)

Macfarland 1.0

1:100 10%

plate

plate

37

>500 4+

50-100

50

EMB

L-J

1:10000

0.1mL

0.1mL

Agar plate

CO?

200-500
1+ <50

10
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3+ 4+
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analysis of patient intake

-70
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() L-J

ATCC (American Type Culture
Collection,Manassas USA) ATCC27294 H37Rv
fully susceptible ATCC 35822 INH resistant ATCC 35838 RMP resistant
ATCC 35837 EMB resistant ATCC 35820 SM resistant ~ ATCC 35828 PZA
resistant (Reproducibility Test)

Agreement,

L-J
100

( )L-J MGIT 960
L-J MGIT 960
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L-J MGIT960

L-J
ATCC 27294 H37Rv ATCC35822 INH  ATCC35838RMP
MGIT 960 200GU susceptibility
breakpoint ATCC
27294 H37Rv ATCC 35822 INH  ATCC 35838RMP

()

44 MGIT 960
3 RMP EMB
(discrepancy)
(false-susceptible results) susceptible
resistant (very
major error, VME) false resistant results
major error, ME 3

RMP 2 EMB 1
L-J
MGIT 960 L-J 100 MGIT 960
93

()
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College of American Pathologists, CAP

CAP EO1
CAP E09
CAP L-J MGIT 960
(National Reference
Lab, NRL) 21
L-J MGIT 960 L-J
MGIT 960 L-J
MGIT 960 MGIT960 5
SM EMB RMP VME
SM EMB 90% 90% RMP
ME RMP
90% 0674 MGIT 960 SM
EMB VME
INH Critical concentration
6 High concentration
12 EMB
12 INH RMP
Agar
Agar7H10

CAP
L-J
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Reproducibility testing for standard proportion method by the L-J mediumin

ATCC Reference strains.
Drug Straing No. of teﬁts No. of results agreeing with Agreement

(ug/mL) performed reference method® (%)
INH(0.2) S 5 5 100
R 5 5 100

INH(1.0) S 5 5 100
R 5 5 100

RIF(40.0) S 5 5 100
R 5 5 100

EMB(2.0) S 5 5 100
R 5 5 100

STR(4.0) S 5 5 100
R 5 5 100

Total 50 50 100

2S,susceptible; R, resistant
®With three strains of M. tuberculosisin triplicate from three separate inocula
°L-J proportion method for SIRE

Expected susceptibility results and those obtained using MGIT 960 and L-J proporation
methods in ATCC Reference strains.
Result® obtained by method

Expected result® MGIT 960 [
INH _RMP EMB SM_ INHlow INHhigh RMP _EMB__SM_ INHlow INHhigh RMP _EMB M
ATCC27294 S S S
ATCC35822 R S S
ATCC35838 S R S
ATCC35837 S S R
ATCC35820 S S S

aResults expected according to the ATCC.
pAbbreviations: S, susceptible, R, resistant; B, borderline.

strain

PYRORORON
nunumaom
nunumaom
nmaInmm
naInunmuwm
PYRORORON
nununmaom
nunumaom
nmaInmvm
naIununmuwm
PV NORON]
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H37Rv-All Sensitivity

Test tube with or without drug from right to left C1,C2,C3,SM,INH(C),INH(H),RMBEMB and PAS

35838-Rifampin Resistant

Test tube with or without drug from right to left C1,C2,C3,SM,INH(C),INH(H),RMPEMB and PAS

35822-Isoniazid Resistant

Test tube with or without drug from right to left C1,C2,C3,SM,INH(C),INH(H),RMBEMB and PAS
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H37Rv-All Sensitivity

35822-Isoniazid Resistant

35838-Rifampin Resistant
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Expected susceptibility results and those obtained using MGIT 960 and L-J proporation
methods in clinical isolate strains.

L-J
INH low INH high RMP EMB SM

Result obtained by method

MGIT 960
INHlow INHhigh RMP EMB SM

Expected result®

INH RMP EMB SM

S
S
S
S
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S

Strains

04010018

04010019

04010021

04010022

04010284
04010018

TC514
TC1100

TC1246

TC1257

TC 1562
TC 5317
TC14629
TC 19920
TC 20975
TC 20978
TC 21678
TC 21786
TC 21883
TC 21887
TC 21971
TC 22137
TC 22611
TC 22612
TC 22614
TC 23655
TC 23916
TC 23930

CH 09

CH 13

S
S
S
S
S
S

CH 18

CH 19

CH 23

CH 25

CH 27

CH 29

CH 30

CH 33

S

CH 36

CH 44

S
S

CH 45

CH 46

CHO043

CH 042

S

aResults expected according to theother clinical lab.
pAbbreviations: S, susceptible, R, resistant;.
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Expected susceptibility results and those obtained using MGIT 960 and L-J proporation
methods in CAP test

wain Expected resulf* S Result® obtained by method -
INH RMP EMB SM INHIlow INHhigh RMP EMB SM INHIlow INHhigh RMP EMB SM
CAPEO1 S S S R S S S S R S S S S R
CAPEQ09 S S S S S S S S S S S S S S

aResults expected according to the WHO.
pAbbreviations: S, susceptible, R, resistant; B, borderline.

Expected susceptibility results and those obtained using MGIT 960 and L-J proporation
methods in proficiency testing from NRL.

Result® obtained by method
strain MGIT 960 L-J
INH low INH high RMP EMB INH low INH high R

o
m
oe]

0674
0696
0715
1933
1945
3063
3980
4118
4460
4913
5397
5839
6143
6763
6868
7615
8222
8496
8564
9034
9945

VDOV TVIOTNDVIOOOINODONVNIOONIONINAD
VDOV NHDAOANOONIODIONIODONVINVLNAD
PURPVEPVEP VR RV O RO R VRO RO RONORONORC VN RPN RPN 0]
TNITONMIOTITNVITNITAONIODIONITNOLON NS
;UU'J;U;U;U;U;U;U;U;U;UU)UJ;U;UU);UU);U(D(Dg
VDOV NVDAOOOONODONIODONVIONIONAD
PYRORPVRORORP VRGO RPN I VRO RONONONONONORO RS
(ORPVEPVEP VRO R VR R VR VRO RO RO RO RO NIRRT R N0 <
TNITOHONITITNVITNITONIODIONINIWNMAOS
;U;U;UEEB;U;U;U;U;U(/)U);U;U(/)E(/);U(/);U%

aResults expected according to the NRL.
pAbbreviations: S, susceptible, R, resistant; B, borderline.
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