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��� 21� 2 � 16�� �� 21� 5 � 27� 

����������!"#$� 2004�%& 2008�'(!�)��%&��*+,��
����� (multi-drug resistant Pseudomonas aeruginosa; MDRP) 22 -.�/!012��
���34�� Metallo-b-lactamase (MBL) 56�� IMP-1 7 MBL 8�9���.��:,;
*&! Breakpoint Checkerboard Plate (BC-Plate)�!<=2������.��:,; >?
5�@� !A 0.9B2.5C(DE,; 12 -( MBL 56
 IMP-1 7 MBL 8�9FG"*+
,; HI 10 -�JK� ceftazidime (CAZ) 3�-A 6 -(DE,; MDRP A MBL 56 12 -
(54.5C) 
� #56-� CAZ�� 4 - (18.2C), CAZ 3� 6 - (27.3C) � 3 LMNO!�%+
,; MDRP !�:$�����(� >P$+$#,�A� AZT 
 AMK �%QR( 59.1C(
DE,; ST� U,V���F&WX=P�
YZ&+� [+&!�:$'�(���F\((
]V#^Q!� ����!<=���%QR!_#$��:$#`)*FD=;

Key words: multi-drug resistant Pseudomonas aeruginosa, Breakpoint Checkerboard

Plate, Metallo-b-lactamase, ceftazidime
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Pseudomonas aeruginosa A� a+�(D=F�,

b3-c��.3-�de�
:$f*(D=; ?
�� gMhijkl�� imipenem (IPM), mMnop
qorl�� ciprofloxacin (CPFX), stqLuvw
xl�� amikacin (AMK) Xy$!��.zX��
����� (multi-drug resistant Pseudomonas ae-

ruginosa; MDRP) F��*+� [�&WF{/*+$
#=1); MDRP AgMhijkl�� mMnopqo
rl�� stqLuvwxl��|V&}� i~wu
rl�� �m�kl�!P��(� nNM�����
.0�X=�
F�#; '1(��F\((]=��

:$ colistin (CL) FD=F� �.(A�2*+$V
`� ��34X=:%5�FV#,�� ���
��
��6(A��*+$#V#�F��(D=2); [�
(� �.(�2*+$#=2��.��:� [�7�
��!\(X=�|FV*+$],; 8��
:$
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A���gN�Nx�F�#&+=F� �@cv��
�@%&����) �AA:#; [�(� Tateda

&3)A¡¢£¤¥£r�¦B�C!�%QR(���
�.§'!�¤uN~rL(]= Breakpoint

Checkerboard Plate (BC-Plate)�.Y¨:,; ��
5�A� 2��� S (susceptible) 
 I (intermediate)

�C!.%QR, 4 ��©�M(����.�¤
uN~rLX=�(� 1D�O¢N�( 24%���
!_#$�ªF«E(DI� ��V%QR.§F!G
HX=�
F(]� �) �F\((]=;
S¬I�&A� MDRP ����	� Metallo-b-

lactamase (MBL) 56��Jª��.#� MDRP

-!_#$ Tateda &�®�:, BC-Plate�.¯Y
!°jM.®�:����!_#$��.E,�(
0�X=;

�	
��
1. ���
���-A� 2004�%& 2008�� 5�@!K�

±��ª²!L�*+,01�)³M%&��� P.

aeruginosa �JK� ´µ 2 ���34��ª!<E
$ MDRP 
NO*+,-.�/
:,; P¶·�%
&���-. 1 -
:$�'¸(¹Q:,; XVº
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�� 2004� 227�� 2� (0.9�), 2005� 221�� 3

� (1.4�), 2006� 256�� 5� (2.0�), 2007� 241

�� 6� (2.5�), 2008� 251�� 6� (2.4�)�	
22�
��

2. �������
������� Clinical and Laboratory Stan-

dards Institute (CLSI)����������4)��
MIC� !"# $%&'��� piperacillin (PIPC),

ceftazidime (CAZ), IPM, meropenem (MEPM), az-

treonam (AZT), gentamicin (GM), AMK, CPFX, lev-

ofloxacin (LVFX)�(	 9��
�� )*+,'
�� P. aeruginosa ATCC27853�$%"#

3. MIC	
���������������
MIC��� ,-�./012034�� CLSI�5

64)�%�� 7�-��8!��9:��8;56�
%�# <=>� CAZ�?��� 8 mg/ml@A��
��� 16 mg/ml@B�-��C"�DE# F# ,

IPMG 16 mg / ml@B , AMKG 32 mg / ml@B�
CPFXG 4 mg/ml@B�H"#��MDRPC"#

4. MBL�����������
IJKL�?M�MBLNO'�P1QRS3T

�� CAZ�8!G-��H"� IPM�8!G��@
U�VWC"� ShibataX5)�Y�Z[\]4^_`
4Qab (SMA)�Y�cdef�6g�hE# <

=>�� iZjk-b-l1jmRn SMA opqrs tuP
1�%� ,VW�� CAZ?Yv IPMtuP1
�
�

5. PCR� �!MBL"#$%&
MBLwxy�Kz�� ShibataX�{��6g�

h�� IMP-1wxy (blaIMP-1)�K|"# =?� wx
yK|� CAZ�-��H< 16��}���~hE
#

6. '()*������'()*���
TatedaX���"# BC-Plate�����"� ��
[���"# �� 1� �%���8!�� Fractional

Inhibitory Concentration Index (FIC index)����
FIC index�0.5������ 0.5�FIC index�1��
���� 1�FIC index�2���� FIC index�2�
�&C8!"� FIC index�1��%����C8!
"# FIC index�������@A��<

FIC index� ��%�� A���MIC�/����
A���MIC�� ��%�� B��
�MIC�/���� B���MIC��

+ *
1. MDRP�%&,-
2004�¡X 2008��?M�MDRP�Kz¢£

�MBLNO'� MBL@U�¤M�� 2�H"#

� 1. ��[¥¦� §* ( mg/ml)
MEPM: meropenem, CAZ: ceftazidime, PIPC: piperacillin, AZT: aztreonam, CPFX: ciprofloxacin,
AMK: amikacin, RFP: rifampicin, CL: colistin

¨©ª«¬B ®¬¯°±¨©ª«¬B ®¬¯°±
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�������	
 2004�� 2007����	
0.9�� 2.5�������������� 2008

�
 2.4�������� !�" MBL#$%

2004��
&'(�	�)�*++� 2005�,-

���� 0.8�� 1.6�&'(�	��"

2. MBL�������	
��MIC���
MBL#$. /01234 �56789:+MIC;

<=>?@ 1�AB"
SMACDEF?G��MBL#$%+EFHIJ

KL� 22MN 12M�O.�)P� PCRQ�5R
MBL012+�S�
� 12MBT	� blaIMP-1

U 2. V:W.XY%+����
MBL: Metallo-b-lactamase

@ 1. Z[\-b-]F[^I_#$.�56789:+MIC`

No.
MIC ( mg/ml) Z[\

/01234PIPC CAZ IPM MEPM AZT GM AMK CPFX LVFX

1 a128 32 a32 a32 32 a32 32 8 a16 �a)

2 a128 32 a32 a32 32 a32 32 8 a16 �
3 32 a64 a32 a32 16 16 128 a8 a16 IMP-1
4 16 a64 a32 a32 32 16 64 a8 a16 IMP-1
5 64 a64 a32 a32 32 16 128 a8 a16 IMP-1
6 8 2 32 16 16 16 64 a8 a16 �
7 a128 a64 a32 a32 a64 16 128 a8 a16 IMP-1
8 64 a64 a32 a32 64 16 128 a8 a16 IMP-1
9 a128 a64 a32 a32 64 a32 64 a8 a16 IMP-1

10 64 a64 a32 a32 32 32 a128 a8 a16 IMP-1
11 128 2 32 32 64 8 32 a8 a16 �
12 128 4 32 32 64 8 32 a8 a16 �
13 a128 a64 a32 a32 64 a32 32 a8 a16 IMP-1
14 a128 a64 a32 a32 64 a32 32 a8 a16 IMP-1
15 a128 a64 a32 a32 a64 8 64 a8 a16 �
16 a128 a64 a32 a32 64 a32 32 a8 a16 IMP-1
17 a128 a64 a32 a32 64 a32 32 a8 a16 IMP-1
18 128 2 32 a32 64 8 32 a8 a16 �
19 a128 4 32 a32 64 8 32 a8 a16 �
20 a128 a64 32 16 a64 a32 128 a8 a16 �
21 a128 4 32 a32 64 8 32 a8 a16 �
22 128 a64 a32 a32 32 32 a128 a8 a16 IMP-1

a) Z[\-b-]F[^I_b#$M

V:W.%���RcGde+�SV:W.%���RcGde+�S
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group�������	
� CAZ��MBL��
�������������
 4�� blaIMP-1

group�������	� �
�
MBL!� 12�"#$MBL�� 10�%"&
'MIC()�*+��, CAZ-./ 801�23�
45�678	� �
� 9 9, CAZ%"5:�
MBL!��;<: 64 mg/ml=>�, MBL��
� 2 mg/ml?64 mg/ml=>�@8 %45�678
	
�
AB�, MBL��- CAZ�� 4�� CAZC

� 6�� 2�D�E%(&, MBL! 12�-F
7
GH��D�E�*+�I-J�
�

3. FIC index����
FIC index�K��, BC-PlateLMD�NOP�0

1�QRS�T'UR-VW�9, X1�MICY�
Z32 mg/ml�UR� 64 mg/ml-X[\�A�01
�MICY�9:V]9
��",;<:OP�678
	
QRS�UR�, ^_`a�9:, b
, CAZ%
C-c; 6�%H5:�, CAZ�defg%H5
:�^_-J�:5�5 hi 2j�

4. ���	�
�
AMK�k�01��defg�l6�	

7,

MEPM, CAZ, PIPC, AZT, CPFX� 501��def
g%H5:�I9
� 5m	 �QRS�defg�
678	
�� 15��A�no�,MBL�����
8�, CAZ���� 4�, CAZC��� 3��
T�
�
GH��D�Ep�%qr9
defg�sg-i

3%c;� MBL���%"5:� AZT, t5� PIPC

�defg�678	:5
� MBL�� CAZ�
���MEPM, CAZ, PIPC�� 4�u 3��, AZT,

CPFX�� 4�u 2��defg�678	:5

�, CAZC��� AZT� 6�u 3�%defg�
678	
v��, k�01%"5:�defg�w
x�3�5yz�T�
�

� 
{|, VWw}�9
 2004~ 8 2008~�}%

(��	
MDRP� 22�678	, (��� 0.9�
 8 2.5��T�
� ��6)%#'�� 79����s
g(���� 2004~ 3.5�, 2005~ 2.5��T�,

i 2. AMK���01���fg (FIC index)

No. MEPM�AMK CAZ�AMK PIPC�AMK AZT�AMK CPFX�AMK
���
h����j

1 0.56 0.625 0.52 0.63 0.63
2 0.56 0.625 0.52 0.63 0.63
3 �a) � 0.38 0.63 � IMP-1
4 � � 1 0.75 � IMP-1
5 � � � � � IMP-1
6 1 Sb) 0.75 0.75 �
7 � � � � � IMP-1
8 � � � � � IMP-1
9 � � � � � IMP-1

10 � � � 0.38 � IMP-1
11 1.25 S 1.03 1.06 1.06
12 1.25 S 1.03 1.06 1.13
13 1.06 0.53 0.52 0.56 0.56 IMP-1
14 0.56 0.53 0.52 0.56 0.56 IMP-1
15 � 0.53 � � �
16 1.06 1.03 1.02 0.63 1.06 IMP-1
17 1.06 1.03 0.52 0.56 1.06 IMP-1
18 1.06 S 0.56 0.56 0.63
19 1.06 S 1.02 0.63 1.13
20 0.37 � 0.16 � �
21 1.06 S 1.02 1.06 1.06
22 � � � 0.37 � IMP-1

a) ^_`a
b) CAZC

������> ������������> ������
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��������� ����	
������ ��
�� 2006�������
����������
��  !�"#$%&'()�	*
+����

MDRP�,-./$(0��
���� 2212 12

1 (54.53)
MBL�- 4IMP-156 ���� MBL

7-1�� CAZ�89-:;�8- 61 (27.33)�
,- 41 (18.23)� 2<�0
����� =>7)�
MDRP 571?@�
MBL�-1�� A��>8)0
���MDRP 3512 51 (14.33)
MBL�-1�
MBL7- 3012 CAZ,-
 51 (14.33), CAZ8
-
 251 (71.43)�	*B�C�� 2DE�F�>
G0���
�HI��J"�:;���DEKL

MN������ OPF��0Q�B��R��
�
��

MDRP0SB�MEPM, CAZ, PIPC, AZT, CPFX

� 5�T� AMK0CU���VW
������ X
F�������� AZT� AMK�YZ[� 59.13�
\�� PIPC� 45.53� MEPM, CPFX� 22.73�
��� CAZ�]T�8-^_? 61^`�� 161
0a���bW0"�
� 31.33��VW
����
��

BC-Plate�^���MDRP0S?���VW�c
��� Tateda>0��	*
Xd���� Tateda>
��e>
f�B� AMK�gh�0 GM^f�B�
1210a�� AZT, PIPC, CAZ, IPM���VWc�
B� GM� AZT� 81� GM� PIPC� 51��V
W
�i>���	*B���� GM� AMK�j�
���F��� klmnopqrs�� AZT, PIPC

���VW
t+�N���	� �e>���":;
���� A�� �>� E-test�uvw�0�c�
B� cefepime (CFPM)� CPFX, AZT� AMK�x
yVW
�i>����^	*B���� CFPM�
CPFXa���Ozc�^{��"��i� �e>
�:;�����N"�
� AZT� AMK0C��
���":;����

MDRP�,-|}�~a���MBL�����
��s���">�� ��qo(s�� ����s�
0F,-^_?������$�� Ambler�
�
0�� Class B0
����9)
� �� KPC5���
���$�10)� OXA5������$�11)���
Class A5� Class D5��B�������$��
��

���� �!�	*
��B�������

���� A�� klmnopqr����
� �
�<��m�(s�0SB�F�� �^_?��

	*12)����	0"�� �B�,-|}
\¡��
����N���� OP� P. aeruginosa�¢��<0
C��F�A£A",-|}^�¤0¥�?���0
��������s�� klmnopqrs�� �
�¦��m�(s�?@�0,-^_?1
��?�
��
§ ���� ���F� IPM
 32 mg/ml�
¨� AMK
 64 mg / ml�¨� CPFX
 8 mg / ml�
MIC^_? Serratia marcescens

���� MDRP

���"©T,-^_B��� 4!"#ª$/6� S.

marcescens � CL0«¬,-����i� $V"�
T���VW�%BG"R� CAZ� AMK, AZT�
AMK���VW
������ ��VW%�$�
-
®¯���°&����
�¨±@�N��	0� OP� ©T,-����

§ ��� ��VW^%?���
���²w>�
��
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Prevalence and Combined E#ects of Antibacterial Agents against Clinically

Isolated Multi-Drug Resistant Pseudomonas aeruginosa Strains

Hitoshi Miyamoto, Shinobu Murakami, Mitsuharu Murase

Division of Medical Technology, Ehime University Hospital

The e#ectiveness of antibacterial agents against 22 strains of clinically isolated multi-drug resistant
Pseudomonas aeruginosa (MDRP) was measured by the micro-dilution method. The all strains produced
Metallo-b-lactamase (MBL),and the IMP-1 gene was detected by the polymerase chain reaction (PCR). The
combined e#ects of antibacterial agents were tested against 22 strains of MDRP selected by the Breakpoint
Checkerboard Plate method after evaluation by the fractional inhibitory concentration (FIC) index. The
incidence of MDRP was ranged from 0.9 to 2.5\ in the last 5 years. Twelve MBL-positive strains were
detected in genes for the IMP-1 group by PCR. Six of the other 10 strains were susceptible for CAZ. MDRP
showed good susceptibilities to the combination of aztreonam and amikacin in 59.1\. Further studies are
needed to find a new e#ective combination of antimicrobial agents to multi-drug resistant strains.

&'������,- Vol. 19 No. 3 2009.

]'^_`ab c`ad�e]'^_`ab c`ad�e

40

162


