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��0�%&1'(23 adenosine triphosphate (ATP) ����45)*2367189
Nontuberculous Mycobacteria (NTM)	�
������:+�;,� ,ATP�/ �+�
<. =	>-.��;?@1�/A%BC� ,MB�/ 7	0D��� ATCC1E# 4#7�
�23# 45#���F�G�H ATP)*,�1I�FJ��	�K. 4L$J�M1F. 30

2NL$. 5OPQJ 60R1F. 102N0675S3670T8UV�H ATP�JWXYZ
� 5"N9:[1 Relative light units (RLU) ratio�)*<. 7"N9:	MB�70D��
<�H streptomycin, ethambutol, kanamycin, isoniazid, levofloxacin, ethionamide, amika-

cin	 7�
	�\;�<� RLU ratio]0.1, rifampicin^8@ clarithromycin� RLU ratio

]0.03 7<� ATP�7. MB�7	_=>J Mycobacterium kansasii ATCC 12478 J
84.4` 7aa?�<5SG�b		. @	1E# 3#1I�FJ 97.8c100` ,4#5J
95`/ 7Ad;�K0B?V�H e���23#1I�Fb Mycobacterium intracellulare:

92.2`, Mycobacterium avium: 97.2`, M. kansasii: 100`5. C#5J 95.3`7Ad;_=>
�f<�H gh89 ATP�J NTM	�
����7<F(�;,�5S37DiUV�H

Key words: nontuberculous mycobacteria (NTM), adenosine triphosphate (ATP), mini-

mum inhibitory concentration (MIC), bioluminescence

j0k	������� (nontuberculous myco-

bacteria; NTM) l	E 70` J Mycobacterium

avium complex (MAC) 183b	5FmJG1H�
�I�n 23GMACl5S3H 6Ve5MACl
JJo�G��. pqrsKl. GLtl. MG. p
u��I;v	G1wx.yz�(23{|1 2}
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�5JV�25S3H 6	��"W����%�*�

���lX���%J 2003! 4-1 �G�����
��lTU1�23���2003!� �Y�<+�;
3TU>E�� <�1)HMAClJlO	2�F0�

�Z	X�7;3j�5J;�7	~�0j0k5
J_[.5S30. Wl�\ .1�Z<8:723
��b<��1�m;GF�3H <�<;0?MAC

J�]^1F_%�?;3�`�(<. ����a�
��1X<F?����f2��. W�183G�N
la AIDS{|5	Cab ��NlJ �Fc�
�5S3H e�MAC1}�5Fm�OUV3 Myco-

bacterium kansasii b 1997!¡¢89£d;S¤�
�1S9. MACl10�aa¥!e	{|0F�7
UVF�3H M. kansasii J0D.fg0�m. >-
�{	;�¦§G1b��h¨	�I��9a2�
0. rifampicin (RFP)�Q©723ª�Z�1X<F
Ad;i«�f267�? RFP�J¬�723 
���	�����®¯23670°j7UVF�
3H ±². NTMl1X<�Z³K0´k5µ3��
�7<F clarithromycin (CAM). azithromycin;v
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��������	
����� ��������
��� �������
� RFP���������
� !"#$� �%&'()�'���*�+",�
���-./01��2���3� !"4
	5
01�,�6�#$*2���#���78
*	5
��+" adenosine triphosphate (ATP)

�9��:5;9��+"���<"4 )���(
5;= ATP��>*?$ �@��AAB�<
C� �'*� )��DE��F!#$?$ F-�G
��H����G<"4 )� ATP���*IC��
-./JK9LM��(� 7�N*8! (O�2)�
P�3)'��Q� 3#RS*8! (TU4)V6)'*
I"�Q�<"�� NTM*)���9�!#�Q(
W'��!4 X)G� YZ( ATP��9�!#��
-./JK� [\] ATP�=�+^ �_�0�9L
!� `���	�a�bc� [\]MB�=�+^ =
��d0�9Le#4

I . �����
A. fJg
fJ=: ( American Type Culture Collec-

tion (ATCC) �hg=: M. avium ATCC 700898,

M. avium ATCC 25291, M. kansasii ATCC 12478i
IjMycobacterium intracellulare ATCC 13950� 4

g9�!#4 3#� �% !g=: ("k"lml
#$%&n* op�qrs'�t(&' !u)�
��# 45g9fJ:#4 X�*+(� M. avium 20

g� M. intracellulare 20giIj M. kansasii 5gG
<e#4 �i� �% !g�)�( DDH (DNA�DNA

hybridization) �	�v�w�� [?,x�yz^ *
 Le#4

B. ATP-{.�
-{.�0�G( ATCC �hg9 Middlebrook

7H9 broth/0 [�	�|�}� ?,x�yz^ G-
/1]� a2�9 McFarland No. 0.5 [34 530

nm, rD� 0.08V0.10^ *5x:#]*� Middle-

brook 7H9 broth /0G 1/2, 1/10, 1/100 *bc:
#a9�!#4 -{.(-{.a A (2-amino-2-

methyl-1,3-propanediol) =-{.a B (adenosine

phosphate deaminase) 9��~*�6:� a�
7e#���*-{.a 50 ml 98�:� ��G 0,

30, 60, 90, 120 >9::#]* ATP��9L!�
/0;�<!� ATP��D*��9��+� 9�
���")=�G�"&�0�9Le#4 �i� MIC

����/0 [|�}��� NTM|�}� ?,x�
yz^ �-{.~>�0�*8! ( 0� 30 >G�

�:#4
C. ATP=��
�&'� ATP=��0�*8! (a2�9

McFarland No. 0.5*5x:#a9�!� =�J�
(benzalkonium chloride) 9 50 ml 8�:� =���
(��� 60�, 70�, 80� G� �'*=�~>( 0, 5,

10, 15, 20 >G{.:#]*��*>: &'
ATP��9Le#4

D. ATP���
ATP���(��*�:# ATP-{.�'j*

ATP=�9Le#]*� �	������9?@:
��*>: &'� �	���������� (LP-

5000-kyokuto-1)* �AB*�DJ� [�����
�u�������^ 9����* 100 ml 8�+"
==�*�D� (Relative light units; RLU)9��:
#4

E. ��-./JK
1. 	�a�bc�G�MIC�� [MB�^
MIC��*( streptomycin (SM), ethambutol

(EB), kanamycin (KM), isoniazid (INH), RFP, levo-

floxacin (LVFX), CAM, ethionamide (TH), amikacin

(AMK) � 9��9 2C2�bc�D [SM, EB, KM

( 0.06V128 mg/ml � 12E�� INH, RFP, LVFX,

CAM ( 0.03V32 mg/ml � 11E�� TH, AMK (
0.5V16 mg/ml � 6E�^ *5x:#MIC����
���G<"|�}��� NTM [?,x�yz^ 9
�!#4
F a�5x��(� 1¡ ¢G/0G/1:# 4

£>\*��hg�'j*�% !g9 Middle-

brook 7H9 broth/0*a�H�9� 34 530 nm,

rD� 0.03V0.05 �¤¥*F ]� 37� * 3V5

I>/1: McFarland No. 0.5 [rD� 0.08V0.10^
\�*J¦:#/1a9�!#4 §*)�/1a9K
¨L©* McFarland No. 0.5 *ª«*bc5x
:#4 �'*� 5x:#a 110 ml 9K¨L© 11

ml *�¬��|��®�G¯M]� |�}���
NTM�����* 100 ml°8F :� ���9:#
����9 37±1� * 7I>/1]*� N²B*
�³�O$'��!´¢��2�9MICP=:#4

2. ATP��*I"��-./JK� [ATP�^
ATP������µQ����(MIC����

����JK��=)¶2�=�"IM*5x:#4
�i� ����( ATP95
�DG��+"#$*
·¸	�����=:#4 F a�5x���'j
*F ��(MB�=)R*Le#4

ATP���*I"MIC��( 5I>/1]*¹

ATP�9�!#SRS/�º���-./JK�0�ATP�9�!#SRS/�º���-./JK�0�

IT�%	5
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���� ����	
����� �����	��
� 30����� ����	 60�, 10�������
���� �� !��� ATP��"#$�� %�
	� RLU ratio &'()*+�,-./ RLU0"'(
1)23456.,-./ RLU0�7��08 "9
: RLU ratio;0.1,;0.03/<=/>?34�@AB
/%�"#$�� CD� 23456.,-./ RLU

0	 CAM"7E 8'( =FG	'(1)234
56.,-. &3,-.8 /HI RLU0��� CAM

 =FG	JK+L pHMN(�OCP�: CAMQ
23456.,-./ RLU0����

II. � �
A. ATP����/
�
Table 1  � �����/
��"R��� @S

TU�/@SVW�XP McFarland No. 0.5 / 1/

100 /@��	AY�	ZE� RLU 0	 302[506

�X���0 \]"^_`AY��	CFa�� @
bcd/@SVW�XP 1/10, 1/2 �	 30[60��
���e��� RLU0MfghPa�Mijkh
�� l���� �$G+Lm/ ATP��� AY
 \]"noPp�/ RLU0	� 72,074�X$�/
M 30��� 384 qr ��khGFPa�Mi
jkh�� Table 2  	� ��st =FGR���
M. avium, M. intracellulare  =FG	��"7FG
60[80� �	AY� u	vghCw$�M� M.

kansasii  =FG	�WMxECP� RLU0MZE
CPyz X�� 60� �{|xF RLU 0"R���

���� =FG	 3}�| 10��~�/���
�_H� CPa�wg� ATP��st	 60�, 10

������
B. '(���JK
1. ATCC��@}�/MB�� ATP�/��
�
��64" 7��+��� MIC%�"#$�MB

�/��� 5��+�� ATP��"#F� RLU

ratio �/%�"#$� ATP��/�/���"�
�+�/��wg��5���JK"#F
����
CD� ���	�1�~�	�������� Table 3

 � MB�"�� �G ATP�� RLU ratio;0.1D
�� RLU ratio;0.03 "�������/���"
R��� RLU ratio;0.1 "�������� M.

avium ATCC 700898  =FG	 INH� 1� 2�Z
Ew$�|//� N( =FG	`�G�1�~��
���	 97.8  �X$�� l� M. intracellulare

ATCC 13950  =FG|¡'( �1 �~�/�¢C
���"R��� M. avium ATCC 25291 =FG	
ATP��/0M RFP, CAM� 2�~�/ZF0"R
��M� N 7'( =FG	�1�~��X$�� M.

kansasii ATCC 12478  =FG	 KM, AMK � EB

�ZF0"R`yz X� 84.4 /����X$��
RLU ratio;0.03 �����	� M. avium ATCC

700898  =FG	 EB � LVFX �xF0"R�
88.9 /����X$�� M. avium ATCC 25291 
=FG	� RLU ratio;0.1 �ZF0�X$� RFP,

CAMMxF���"R��� �w� KM� AMKM

Table 1. E#ect of treatment time on the exogenous ATP.

Strain
Dilution of organisms

suspension

Treatment time (min)

0 30 60 90 120

M. avium ATCC 25291 blank 95 48 41 49 76
1/100 265 329 302 292 345
1/ 10 2636 3981 4129 3779 4412
1/ 2 13052 26015 25566 26225 30611

M. intracellulare ATCC 13950 blank 165 51 54 46 114
1/100 329 506 499 476 461
1/ 10 1774 3987 4462 4133 4313
1/ 2 15867 40746 44716 54015 57430

M. kansasii ATCC 12478 blank 155 50 43 41 117
1/100 306 414 506 399 377
1/ 10 1284 3176 2720 3219 3382
1/ 2 18574 22077 24503 24090 23905

BrothMIC NTM blank 72074 384 NT NT NT

NT: not tested

£¤¥#¦§ ¨¦©¤ª«¦¬®¯¦°± ©¦²�³´£¤¥#¦§ ¨¦©¤ª«¦¬®¯¦°± ©¦²�³´
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2��������	
����������� M.

kansasii ATCC 12478 ����� RLU ratio�0.03

����� RLU ratio�0.1 ����� �����
!" KM�#�� 8$%& '1 ��(&)��� M.

intracellulare ATCC 13950 ����� LVFX & 1

* 2�����	 ��" RLU ratio�+,&-.
�� ����������
/01 41�$%2� RLU ratio�0.1 &����

�3�45�" SM, TH � LVFX � 1006, EB �
INH� 956 &789���&)��� AMK � KM

� 856�::��;<�)�" CAM� RFP���
�� 756 ������&)��� RLU ratio �
�0.03 &3�45�" CAM, TH � 1006, SM, INH

� RFP� 956 �789���&)��� LVFX �
906, EB � 856 �::��;<�)�" AMK �
806" KM � 706 ������&)��� $%2&
35� CAM� RFP� RLU ratio � �0.03 �	5

���������=���" EB, KM � AMK�
>?	5;<�)���

Table 4�" MB@& 5*ABC.���D� MIC

EF�ATP@& SM, EB, KM, INH, LVFX, TH, AMK

� 7$%����� RLU ratio�0.1 &-.�" G1
����H��I�J!3K� RFP, CAM � 2$
%�����" -.� RLU ratio�0.03&L���D
��������� M. avium ATCC 700898 ���
��" ATP@&�MN� INH& 1* 8 mg/ml ��
�" MB@&�C.��O����� ��" P 8$
%�'1��(&)��� M. avium ATCC 25291�
����" ATP@& RFP���;<�)5 ��"

P 8$%�'1��(&)��� M. kansasii ATCC

12478 �����" ATP @& KM, AMK � EB �
MB@�O�������" ���� 84.46 ��!"
Q$%� RLU ratio�0.03 &-.���D� 97.86
�������&)��� M. intracellulare ATCC

13950 &�" 	R��$%& ATP@�MB@� '1

��(&789�������� /01 41&�
956 ����&)���

2. STEU1&�MIC@� ATP@�����
MICEF

Table 5 �" STEU1&�MB@� ATP@�V
W�MN����� RLU ratio�0.1 �XY���Z
[�M. avium� 93.96����������� $%
2&�" RFP� CAM�/01�\]������
	;<�)�" INH 2��������	1� 4

13K�� RLU ratio�0.03&-.�L���D�
����" MB@�O������	;<�)�
78.36 ����" RFP� CAM����� '1 ��
(������=��� M. kansasii �����"
RLU ratio�0.1 &�Q$%� '1 �^�(&)�"
RLU ratio�0.03&-.�� 1��!_5;<�)
5 ��789�������� M. intracellulare �
90.66�::�����&)�" SM, KM, INH, RFP

� CAM&MB@�O��������� ���
RLU ratio�0.03&-.	5��!_5;<�)�"
`� EB����� RLU ratio�0.1 -.& 1�^�
a�����" RLU ratio�0.03&� 3�^��	 
�� 201b 111&3K�� ��� CAM���
��	R� '1 �^�(�����" RFP����

Table 2. E#ect of the temperature and incubation time on the extraction of ATP from nontuberculous
mycobacteria.

Strain Temperature
Extraction time (min)

0 5 10 15 20

M. avium ATCC 25291 room temperature 5643 7909 8949 9178 9483
60c 5643 26090 26223 23592 30892
70c 5643 24440 23807 28471 25906
80c 5643 26967 26795 25016 24740

M. intracellulare ATCC 13950 room temperature 972 7359 7467 7323 7773
60c 972 15368 17435 16998 17525
70c 972 16982 18784 17432 18888
80c 972 18823 18386 17160 18246

M. kansasii ATCC 12478 room temperature 661 1125 1321 1245 1211
60c 661 8756 8608 8730 9305
70c 661 6249 7178 5938 6579
80c 661 5945 5945 5441 5472

ATP@�d��eMfYghG�$%ijYkl�VWATP@�d��eMfYghG�$%ijYkl�VW
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Table 3. Concordance rate of the ATP method when the Microdilution (MB) method for reference
strains is set as a basis.

Strain
RLU
ratio

Drug
Discrepancy of MICs Concordance

rate (�)��3 �2 �1 0 �1 �2 ��3

M. avium ATCC 700898

0.1

Streptomycin 5

97.8

Ethambutol 5
Kanamycin 4 1
Isoniazid 1 3 1
Rifampicin 1 3 1
Levofloxacin 5
Clarithromycin 2 3
Ethionamide 4 1
Amikacin 3 2

0.03

Streptomycin 5

88.9

Ethambutol 2 2 1
Kanamycin 5
Isoniazid 1 1 2 1
Rifampicin 1 2 2
Levofloxacin 3 1 1
Clarithromycin 1 4
Ethionamide 4 1
Amikacin 4 1

M. avium ATCC 25291

0.1

Streptomycin 1 4

77.8

Ethambutol 1 1 3
Kanamycin 1 3 1
Isoniazid 1 4
Rifampicin 5
Levofloxacin 3 2
Clarithromycin 3 2
Ethionamide 4 1
Amikacin 1 1 3

0.03

Streptomycin 1 3 1

75.6

Ethambutol 1 4
Kanamycin 1 4
Isoniazid 5
Rifampicin 1 3 1
Levofloxacin 3 1 1
Clarithromycin 2 3
Ethionamide 4 1
Amikacin 1 3 1

M. kansasii ATCC 12478

0.1

Streptomycin 5

84.4

Ethambutol 1 4
Kanamycin 3 1 1
Isoniazid 1 4
Rifampicin 3 2
Levofloxacin 1 4
Clarithromycin 4 1
Ethionamide 1 4
Amikacin 3 2

0.03

Streptomycin 5

97.8

Ethambutol 1 3 1
Kanamycin 2 1 1 1
Isoniazid 1 4
Rifampicin 5
Levofloxacin 5
Clarithromycin 1 4
Ethionamide 5
Amikacin 1 4

���	
� �
���
����
�� 
�������	
� �
���
����
�� 
����
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� 1����� �1 �	
�������
����� 45������������ RLU ra-

tio�0.1 ��� !" EM " AMK # 100$, TH "
LVFX# 97.8$�%&'�������� SM, CAM

" KM# 91.1$, RFP# 86.7$, INH# 82.2$ "(
()�����*+�� RLU ratio � �0.03 ���
 !"� CAM # 100$, RFP # 97.8$, SM #
95.5$, AMK � 93.3$ "%&'�������
LVFX " TH # 84.4$, KM # 82.2$, INH # 80$
"(()�,-.*/� EB# 44.4$")�����
*+�� ���.��� CAM " RFP # RLU ratio

� �0.03 �012!3".4/���5672!3
"5�89��

Table 6 .#� :;<=�>+�������MB

?"� ATP?��MIC�@����� ATP?��0
1# SM, EB, KM, INH, LVFX, TH, AMK� 7��.
A��# RLU ratio�0.1�BC"�� RFP, CAM#
RLU ratio�0.03 �BC"��"D�������
�� M. avium .A��#� INH" TH�#MB?.
E� ATP?#)�,-.#*!5 97.2$ "%&'
�������� M. kansasii#2F����5 �1

�	
��*/%&'�������� G� M. kan-

sasii �MIC�@.A��# RFP, CAM �� H�
0.25 mg/ml
I� LVFX. 0.25 mg/ml
I�*+�
5 KM.# 8 mg/ml
6�MIC����� M. intra-

cellulare.A��# ATP?� SM, KM J4K INH

5)�,-5*/� ���# 92.2$ "(()�,-
.*+�� ������<=�>+� 45��� ATP

?"MB?"����# 95.3$ "%&�*+�� L
M��� M. kansasii ATCC 12478 �((���#
)����� N�O�LM�J4K�������P
QRS� ATP?�� 5TUVW��01XM# SM,

EB, KM, INH, LVFX, TH, AMK� 7��.A��#
RLU ratio�0.1 �BC"�� RFP. CAM # RLU

ratio�0.03 �BC"012!3"5YZ�*!"[
\9!�

Tables 7]8 .#� :;<=�>+�������
^_� M. avium"M. intracellulare�MB?" ATP

?��MIC�@����� M. avium.A��#)�
MIC�����# RFP, CAM�� H� 2 mg/ml
I
�*/E`abC�*!3"5cdS9�� e��
LVFX5)fH� 4 mg/ml 
I�*+�� M. intra-

cellulare.A��# RFP, CAM�MIC#)f� H�
0.25 mg/ml 
I�g�bC,-5cdS9�� e�
� LVFX5H� 2 mg/ml 
I�E`a)�MIC�
*+��

� �
hij���bkClm?.A��# 1997n.P

oj�lm?5TpPoqrs.tc89��!� 3
3�uv89�lm?#wxVy�z�!E�?�*
/� PQ#VW 4{
��|}Vy6�j�~�5�
�.'+����012!3".'+�J/� �U�
�2!�#��89�JS�� �R�Poj.�18
9����*+�� N3�4/�����'��bk
Clm?"����Vy�z��� MGIT?7) ���

Table 3. continued

Strain
RLU
ratio

Drug
Discrepancy of MICs Concordance

rate ($)��3 �2 �1 0 �1 �2 ��3

M. intracellulare ATCC 13950

0.1

Streptomycin 1 4

100

Ethambutol 2 3
Kanamycin 1 4
Isoniazid 4 1
Rifampicin 5
Levofloxacin 5
Clarithromycin 2 3
Ethionamide 1 4
Amikacin 5

0.03

Streptomycin 1 4

97.8

Ethambutol 5
Kanamycin 1 4
Isoniazid 2 3
Rifampicin 5
Levofloxacin 4 1
Clarithromycin 5
Ethionamide 1 4
Amikacin 5

ATP?�z���PoChij���bkClm�<=ATP?�z���PoChij���bkClm�<=
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����������	 
�����MTB-1�8)

�������	 �������� !�"#$%&
'(�)*+,-.�/��01���MTB-SR

�������	23�456��7898 NTM:;
�6�<=
>?@ABCD�/�������
NTM �������	 2E!F:GH6��2I -.
JK
LMNO2PQ456�R�&2ST/��7
UV/WX� NCCLS (National Committee for

Clinical Laboratory Standards)&YZ86���)

*+,-./��?@ABCD�9):N[�"\�/
������� NTM !�"MB�]I ^_-.
�)&`a]R�<=:bcd� ef8ghi:%
Bj& ATP@ kM8I V&l9mMICl no"
ATP�]&pq -r"7

NTM&�)*+,-. s=:�"tI kMua
 vw�"o&xy]R�&�%Az�\�/��]
{|5�7 }-~�]�������&%A !��
V]2��/�tI ��T�����%Az�\�:

Table 4. Concordance rate of the ATP method when the Microdilution (MB) method for reference
strains is set as a basis.

Strain Drug
RLU
ratio

MIC range of
MB method

( mg/ml)

Discrepancy of MICs Concordance
rate (�)��3 �2 �1 0 1 2 �3

M. avium
ATCC 700898

Streptomycin 0.1 2�4 5

97.8

Ethambutol 0.1 4�8 5
Kanamycin 0.1 2 4 1
Isoniazid 0.1 32��32 1 3 1
Rifampicin 0.03 0.06�0.125 1 2 2
Levofloxacin 0.1 0.5 5
Clarithromycin 0.03 0.25 1 4
Ethionamide 0.1 2�8 4 1
Amikacin 0.1 1�2 3 2

M. avium
ATCC 25291

Streptomycin 0.1 8 1 4

97.8

Ethambutol 0.1 4�8 1 1 3
Kanamycin 0.1 8 1 3 1
Isoniazid 0.1 �32 1 4
Rifampicin 0.03 2 1 3 1
Levofloxacin 0.1 2�4 3 2
Clarithromycin 0.03 0.5 2 3
Ethionamide 0.1 4�8 4 1
Amikacin 0.1 4�8 1 1 3

M. kansasii
ATCC 12478

Streptomycin 0.1 �128 5

84.4

Ethambutol 0.1 4�8 1 4
Kanamycin 0.1 4�8 3 1 1
Isoniazid 0.1 4�8 1 4
Rifampicin 0.03 0.25 5
Levofloxacin 0.1 0.25 1 4
Clarithromycin 0.03 0.125 1 4
Ethionamide 0.1 1 1 4
Amikacin 0.1 2�4 3 2

M. intracellulare
ATCC 13950

Streptomycin 0.1 0.25 1 4

100

Ethambutol 0.1 1 2 3
Kanamycin 0.1 0.25�0.5 1 4
Isoniazid 0.1 4�8 4 1
Rifampicin 0.03 �0.03 5
Levofloxacin 0.1 0.25 5
Clarithromycin 0.03 �0.03�0.06 5
Ethionamide 0.1 16��16 1 4
Amikacin 0.1 �0.5 5

���s�� �������������� ����� ���s�� �������������� ����� 
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Table 5. Concordance rate of the ATP method when the Microdilution (MB) method for clinical isolates
of M. avium, M. kansasii and M. intracellulare is set as a basis.

Strain
RLU
ratio

Drug
Discrepancy of MICs Concordance

rate (�)��3 �2 �1 0 �1 �2 ��3

M. avium (N�20)

0.1

Streptomycin 8 11 1

93.9

Ethambutol 1 17 2
Kanamycin 5 15
Isoniazid 4 10 6
Rifampicin 1 3 9 7
Levofloxacin 4 10
Clarithromycin 1 1 8 10
Ethionamide 1 9 8 2
Amikacin 2 16 2

0.03

Streptomycin 2 9 7 2

78.3

Ethambutol 4 2 1 13
Kanamycin 6 9 4 1
Isoniazid 1 1 5 8 5
Rifampicin 6 14
Levofloxacin 11 6 3
Clarithromycin 3 11 6
Ethionamide 7 7 3 3
Amikacin 7 10 2 1

M. kansasii (N�5)

0.1

Streptomycin 2 3

100

Ethambutol 5
Kanamycin 5
Isoniazid 2 3
Rifampicin 1 4
Levofloxacin 3 2
Clarithromycin 1 4
Ethionamide 3 2
Amikacin 1 3 1

0.03

Streptomycin 1 3 1

97.8

Ethambutol 5
Kanamycin 1 3 1
Isoniazid 4 1
Rifampicin 1 4
Levofloxacin 4 1
Clarithromycin 3 2
Ethionamide 3 2
Amikacin 2 3

M. intracellulare (N�20)

0.1

Streptomycin 4 5 11

90.6

Ethambutol 1 19
Kanamycin 4 7 9
Isoniazid 1 3 11 5
Rifampicin 2 3 15
Levofloxacin 7 12 1
Clarithromycin 1 1 10 8
Ethionamide 3 17
Amikacin 5 15

0.03

Streptomycin 5 12 3

87.8

Ethambutol 3 6 11
Kanamycin 1 3 13 2 1
Isoniazid 1 1 3 12 2 1
Rifampicin 1 1 15 3
Levofloxacin 4 4 8 3 1
Clarithromycin 7 10 3
Ethionamide 14 5 1
Amikacin 1 15 4

ATP��	
������������������ATP��	
������������������
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��������	
�������������
��� NTM���������� ���! �"
�� ���#�$ �%&'()*+����,��
%,�()�-��.��%�/0��� %123
4%567��$ 89:7��;!<=>�$ McFar-

land No. 0.5 ?@�9:��ABCD%EF%#��
G;$ ��HI)���J�1�

ATPK%9:7L�M��34%56.� 5NL
��1�$ OPQ;J�1 3NL9:.% ATPK�
����HI)��.�$ RSTUVWXYW%Z[
RLU\� 10,000�]^_$ `\;a�bc�#�d
��1� e%fg���hViV�a���� ��
RLU ratio �j�Mk�d��$ 3NL9:.�MB

K�%lmn� 60o91.1p �`�fg� �1�
ATPK;J�� 3NL9:.��HI)��;qr
bc��$ s� �9t%uv$ 9:wx$ yz\
RLU ratio ;{2�56;qr��|}.~��

/0�1�
���4)o6)� ATPK.f��%��HI)��;
56�����$ yz� RLU ratio; 0.5.q���
�� ��%3456;q�1 NTM�$ f�����
�BC���$ �1e����� ATP<�#��
��$ BC�1�;������r�. RLU ratio

� �0.1 .yz;q�1� %yz�P.OPQ.%
56;q�1�� M. avium ATCC 700898 � M.

intracellulare ATCC 13950 �v� lmn;a�1
�$ M. avium ATCC 25291�`�lmn.~�1�
%Q;���.MBK������ RFP, CAM �
2�?@%`�\.~�1� e. RLU ratio;	�
�MBK�%lmn;d1��$ RLU ratio�0.03

.MBK�v� lmn;a�����s�1� 
%���M. avium�M. intracellulare%����Q
.�d������$ 56�1�Q; RLU ratio�
0.1� RLU ratio�0.03% 2��ST.yz;qr

Table 6. Concordance rate of the ATP method when the Microdilution (MB) method for clinical isolates
of M. avium, M. kansasii and M. intracellulare is set as a basis.

Strain Drug
RLU
ratio

MIC range of
MB method

( mg/ml)

Discrepancy of MICs Concordance
rate (p)��3 �2 �1 0 1 2 �3

M. avium
(N�20)

Streptomycin 0.1 1�32 8 11 1

97.2

Ethambutol 0.1 4��128 1 17 2
Kanamycin 0.1 2�32 5 15
Isoniazid 0.1 4��32 4 10 6
Rifampicin 0.03 0.125�0.2 6 14
Levofloxacin 0.1 0.5�4 4 16
Clarithromycin 0.03 0.125�2 3 11 6
Ethionamide 0.1 4��16 1 9 8 2
Amikacin 0.1 1�16 2 16 2

M. kansasii
(N�5)

Streptomycin 0.1 4�8 2 3

100

Ethambutol 0.1 2�4 5
Kanamycin 0.1 8�32 5
Isoniazid 0.1 2�4 2 3
Rifampicin 0.03 0.125�0.25 1 4
Levofloxacin 0.1 0.25�0.5 3 2
Clarithromycin 0.03 0.125 3 2
Ethionamide 0.1 1�2 3 2
Amikacin 0.1 2�8 1 3 1

M. intracellulare
(N�20)

Streptomycin 0.1 0.5�4 4 5 11

92.2

Ethambutol 0.1 2�32 1 19
Kanamycin 0.1 0.5�4 4 7 9
Isoniazid 0.1 2��32 1 3 11 5
Rifampicin 0.03 �0.03�0.25 1 1 15 3
Levofloxacin 0.1 0.5�1 7 12 1
Clarithromycin 0.03 0.06�0.25 7 10 3
Ethionamide 0.1 4��16 3 17
Amikacin 0.1 �0.5�4 5 15
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Table 7. Distributions of MICs of nine antibiotics obtained by Microdilution (MB) and ATP method
against clinical isolates of M. avium (N°20).

Drug Method
Minimum inhibitory concentration ( mg/ml)

±0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 ²128

Streptomycin
MB method 1 6 7 3 3
ATP method 1 3 6 4 4 2

Ethambutol
MB method 3 2 7 5 1 2
ATP method 3 2 7 4 1 1 2

Kanamycin
MB method 2 3 6 7 2
ATP method 2 1 5 7 5

±0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 32 ²32

Isoniazid
MB method 1 8 4 6 1
ATP method 1 7 5 5 2

Rifampicin
MB method 8 2 1 5 4
ATP method 3 5 2 4 2 4

Levofloxacin
MB method 4 6 6 4
ATP method 5 6 7 2

Clarithromycin
MB method 2 1 8 5 4
ATP method 2 2 3 9 4

±0.5 1 2 4 8 16 ²16

Ethionamide
MB method 7 6 6 1
ATP method 5 5 5 3 2

Amikacin
MB method 1 1 3 9 6
ATP method 1 1 5 6 6 1

ATPb����³´µgC¶��;<f%g�¬�-.ATPb����³´µgC¶��;<f%g�¬�-.
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0.125$0.25 mg/ml �./-�0'1�234� 5�
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Table 8. Distributions of MICs of nine antibiotics obtained by Microdilution (MB) and ATP method
against clinical isolates of M. intracellulare (N�20).

Drug Method
Minimum inhibitory concentration ( mg/ml)

�0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 �128

Streptomycin
MB method 3 8 7 2
ATP method 3 4 8 5

Ethambutol
MB method 9 5 5 1
ATP method 1 8 5 5 1

Kanamycin
MB method 1 2 10 7
ATP method 2 4 9 5

�0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 32 �32

Isoniazid
MB method 4 4 5 3 3 1
ATP method 3 7 7 2 1 1

Rifampicin
MB method 10 7 3
ATP method 10 2 3 5

Levofloxacin
MB method 6 14
ATP method 1 19 8 1

Clarithromycin
MB method 4 10 6
ATP method 5 12 3

�0.5 1 2 4 8 16 �16

Ethionamide
MB method 6 3 7 4
ATP method 2 4 4 6 4

Amikacin
MB method 2 7 8 3
ATP method 5 4 10 1
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Evaluation of Microdilution Susceptibility Test for Nontuberculous

Mycobacteria Using the ATP Method

Masayuki Horikawa1), Isao Nishi1), Masahiro Toyokawa1), Naoki Sato2),

Yutaka Okazawa2), Seishi Asari1)

1) Clinical Laboratory, Osaka University Hospital
2) Kyokuto Pharmaceutical Industrial CO., LTD.

We have developed a broth microdilution susceptibility test method for nontuberculous mycobacteria
(NTM); in this test method, adenosine triphosphate (ATP) is measured through bioluminescence, with
viable count as the indicator. We have conducted the basic analysis of the method and compared the
method with the broth microdilution method (MB method) using four ATCC referece strains and 45 clinical
isolates. As a result of the examination of the ATP-measuring method (ATP method), it has been shown
that 30-minute pre-processing at room temperature and extraction at 60� for 10 minutes were appropriate
steps. For the ATP method, judgment was made by measuring the relative light unit (RLU) ratio after
culturing the microplate for 5 days, and comparison was made with the MIC value after culturing for 7
days. When the positive values for growth were set to an RLU ratio of �0.1 for 7 drugs, that is,
streptomycin, ethambutol, kanamycin, isoniazid, levofloxacin, ethionamide and amikacin, and to an RLU
ratio of�0.03 for rifampicin and clarithromycin, the rate of concordance with the MB method was rather
lower (84.4�) for Mycobacterium kansasii ATCC 12478, whereas 97.8�100� concordance rates were
obtained for 3 ATCC reference strains. Regarding clinical isolates, the concordance rates obtained for
Mycobacterium intracellulare, Mycobacterium avium, and M. kansasii were 92.2�, 97.2� and 100�, respec-
tively. From the above results, we have concluded that the ATP method is useful as a method of testing
drug susceptibility of NTM.
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