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� �
1. PCR�����MBL	
�����
49�� 43� (87.8�) � IMP-2�� 49�� 6�

(12.2�)� IMP-1��	
������� VIM�
��������� ��������� !�"
#� IMP-2��$%& A. baumannii IMP-19 gene

(AB 184977)' 100�()*�� IMP-1��$%&
IMP-1'+,����

2. �������
MBL-. A. baumannii 49��/0 IMP-19�

43��123456$7MIC8�9:; Table 1

5� IMP-1� 6��MIC8�9:; Table 25<*
��

IMP-19��� IPM�MEPM= DRPM�MIC50

>?@A� IPM� 16 mg/ml BCDE 100�F� MEPM

� 8 mg/ml BCDE 12�F� DRPM� 8 mg/ml BCD
E 5�F �G7�56*� IMP-1��� IPM� 8 mg/

ml BCDE 50�F� MEPM� 64 mg / ml BCDE
100�F� DRPM� 32 mg/ml BCDE 100�F ' IPM

�MIC50�HA�?� 6IJ�"#�KL���
PAPMMMEPM,DRPM'+N5 IMP-1�MIC50�
@A�7OP�QRL��� (S� BIPM� IMP-19

��� 8 mg/ml BCDE 21�F �G7�56*� IMP-

1��� 8 mg/ml BCDE 0�F 'T�UVWXYZ
[\']�?� MBL���^_5>7MIC50�`�
QRL������
UVWXYZ[23\ab�\45c_&� CPFX

MIC505d*&M� IMP-19���� 1 mg/ml BCD
E 9�F� IMP-1���� 32 mg/ml BCDE 83�F '
`�QRL���

b-e�fg�hij4k45d*&�� IMP-19�
MIC50� ABPC / SBT� 4 mg / ml BCDE 12�F�
PIPC/TAZ-r� 16 mg/ml BCDE 2�F� CPZ/SBT

� 2 mg / ml�G?� IMP-1�MIC50�� ABPC /

Table 1. Distribution of antibiotic susceptibilities for 43 metallo-b-lactamase IMP-19 producing A. bau-
mannii isolates

Antibiotics
MIC (mg/ml) No. (�)

resistantl0.125 0.3 0.5 1 2 4 8 16 32 64 128 256 512l

ABPC 3 3333 4 3
ABPC/SBT (2 : 1) 1 2424 13 1 4 12�
PIPC 1 1 14 1313 4 10 63�
PIPC/TAZ-r (4 : 1) 4 3030 3 5 1 2�
PIPC/TAZ-c 7 1 2 1 4 1111 4 5 1 1 6 16�
CMZ 4343
CPZ 2 4141
CPZ/SBT (1 : 1) 2 2222 18 1
CAZ 1 4242 100�
CFPM 2 3131 9 1 100�
IPM 4040 3 100�
PAPM 2323 18 2 100�
MEPM 3838 5 12�
BIPM 3434 9 21�
DRPM 4141 2 5�
AZT 7 3232 2 1 1
FMOX 1 4242
MINO 4343 0�
AMK 2828 13 2 0�
ABK 14 2727 2 0�
CPFX 3434 5 4 9�
SBT 9 3232 1 1
TAZ 7 2929 2 4 1
CVA 4343

Gray bar, isolates resistant to individual antibiotics according to CLSI criteria, when available. The
resistance breakpoints for panipenem, biapenem and doripenem were defined as an MIC�8 mg/ml. Under
bar, MIC50 values for the antibiotics of the isolates.

mnopqTmnopqT

rstuv.wxyz Vol. 20 No. 1 2010.30

30



SBT� 8 mg / ml ���� 0��	 PIPC / TAZ-r� 16

mg/ml ���� 0��	 CPZ/SBT� 4 mg/ml
 IMP-

19, -1
���������������� ��	
b-������ !"#"�$%&�	 IMP-19'�
SBTMIC50� 4 mg/ml, TAZ� 8 mg/ml, CVA�
32 mg / ml, IMP-1'� SBTMIC50� 8 mg / ml,

TAZ� 8 mg/ml, CVA� 32 mg/ml
MBL(�
�)*MIC50+�,-.�����/	 SBT, TAZ,

CVA0�MIC50������������ 12	
CLSI�34%� PIPC/TAZ-c�$%&�MIC5
67�80.125,� 5128mg/ml�'9:6;%�<
=�>����

3. PFGE�����
19?@�A (ABS)�6CD�� (Fig. 1)� EF?
@�AG6HIJKL�?@�A I 9I	 MN
OJ�KL 7MNO'PQ�� E1?@�AGR
I�6HD��ST�?@�A O�KU' 17V	 ?

@�A I�KW' 832V
�X<=�>��	 2YZ
[TGO\	 ]O\^_/`JMNO�a�&6
HD��I�bc%&��d
�_,Q��

PFGE patterneMNOe6Hfgh Fig. 2�i
j� MNO�k-*�	 2005Y 8l�� group I� 3

I	 2005Y 11l,� 2006Y 1lT� group F

� 5I	 2006Y 5l,� 2006Y 7lT� group

C� 4ImnD��� %,%	 PFGE pattern�EF
'P*�	 mnoS� 2YZ[H�&�*����
���� IMP-1p�$%&�	 6Iq 3I�]O A, 2

I�rs\	 1I�GO C'mnD�&�*�	 Eo
SE1?@�Amn�-,Q��

4. MBL��	
�������
MBLtu A. baumannii�6HD�*vw'K�

`,Q��xyz\vw (40.8�)	 {�'|}\v
w (24.5�)	 ~ (24.5�)	 �� (16.3�)	 � (14.3�)-
�'PQ� �E1���J��,�mnRh�

Table 2. Distribution of antibiotic susceptibilities for 6 metallo-b-lactamase IMP-1 producing A. bau-
mannii isolates

Antibiotics
MIC (mg/ml) No. (�)

resistant80.125 0.3 0.5 1 2 4 8 16 32 64 128 256 5128

ABPC 66
ABPC/SBT (2:1) 2 44 0�
PIPC 2 22 1 1 67�
PIPC/TAZ-r (4:1) 1 22 2 1 0�
PIPC/TAZ-c 1 1 11 1 1 1 17�
CMZ 66
CPZ 66
CPZ/SBT (1:1) 2 33 1
CAZ 66 100�
CFPM 55 1 100�
IPM 33 3 50�
PAPM 1 55 100�
MEPM 1 1 44 100�
BIPM 1 55 0�
DRPM 1 55 100�
AZT 1 55
FMOX 66
MINO 66 0�
AMK 1 1 44 0�
ABK 33 3 0�
CPFX 1 55 83�
SBT 2 44
TAZ 1 22 3
CVA 66

Gray bar, isolates resistant to individual antibiotics according to CLSI criteria, when available. The
resistance breakpoints for panipenem, biapenem and doripenem were defined as an MIC�8 mg/ml. Under
bar, MIC50 values for the antibiotics of the isolates.

IMP-19
 IMP-1pMBLtu A. baumannii ��IMP-19
 IMP-1pMBLtu A. baumannii ��
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��� ����	
�� (69.4�)� ��� (44.9�)�
�� (30.6�)����������� !"# (Ta-

ble 3)� $#� MBL%& A. baumannii��'()*
+	
�,-./ 012./ 3456�� �!)7
	 (44.9�)� 89:���;<= (61.2�)� CVC>8
(42.9�)� ?��@ 14A6B�CDEFGH�I?J
�KL (59.2�)� MNOFPQR�I?J�KL
(34.7�)� IS?JTU: (34.7�)� VWXYRTU:
(46.9�)� Z[\]^TU: (30.6�)���!"#
(Table 4)� 7�:_� MBL%& A. baumannii�`a
b�cd?_!"#e�f� 49bg: 8g (16.3�)

_!"#� `ab�Bhfijd 4g� klb 1g�
md 2g� no`a 1g_!"#� `a�*+	
�

pqr�stu(#e�fvw5x�yz{� ICU8
|{� IS?^KL:� VWXYRTU:�}~u(
# (Table 4)� $#� pqrfstu(��"#�� `
a�*+	
��?��������"#e� � ,
-./ 45./�!)7	� Z[\]^KL:� ?
��@ 14A6B CDEFGH�I?J�KL{�
stu(#�

� �
��� MBL%&M�H��?���f��;�
��_!)� ��:_MBL%& A. baumannii�`
a2��� �e���?���	
�}~u()10)�
A. baumannii�MBL f IMP�� VIM�� SIM�

Fig. 1. PFGE analysis of 49 A. baumannii isolates (43 of IMP-19 and 6 of IMP-1) and 19 PFGE groups.
Emerg, emergency medicine; Surg, surgery including pediatric surgery, orthopedics and derma-
tology; Int, internal medicine including pediatrics and radiology.
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#$+� IMP-2 �	%,�%-./�2, 6) IMP-19 0
1)	���23#'�456,�78����� 9
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>?@AB@CD#�E#������ (Gen Bank

AB184977)6) !"	 IMP-2 �	��	F�G��
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PFGE MND� IMP-1 	����	S\	]��>
^_����QR� `Sab	UVW��� �cde

f 69.3� 
PFGE #g�MN	hi� MBL 01 A. baumannii

49 <� 19 jk@l#5cmnQ �cdef 90 o
D� `S	jk@l"��pqr��s#tQP�
$�� 56�� 2 uoD6n����	�vR;n
Q HQ� (	���� MBL 	��78����!"
#$+� MBL 01 A. baumannii wx�yzmn�
��QR� {|	}[�~RQ�
� IMP-19 01 A.

baumannii ���P����������+n��
;��13) �=�� 56��fu#tQP���["
���	�����14, 15)� ���#$��� PFGE

�`Sjk@l	<� 2 uoD#tQP����	
�� ���#�f	}����mnQ��=;� ["
#����)� HQ��
#������)	���
�#g�["���a]��Q��>�5�����
���� 

Fig. 2. Progression of metallo-b-lactamase producing A. baumannii (I, IMP-19; II, IMP-1) in the hospital.
Letters (A to S) indicate pulsed-field gel electrophoresis groups of the isolates shown in Fig. 1.

Table 3. Background of 49 patients infected/colonized with MBL A. baumannii

Factors Total (�) Infected (�) Colonized (�)

No. of patients 49 8 41
Age (mean) �SD 42.5�32.51 40.4�33.0 42.9�32.8
No. of males (�) 34 (69.4) 5 (62.5) 29 (70.7)

Wards
surgery 22 (44.9) 4 (50.0) 18 (43.9)
internal medicine 10 (20.4) 2 (25.0) 8 (19.5)
pediatrics 15 (30.6) 2 (25.0) 13 (31.7)
emergency 2 (4.1) 0 0 2 (4.9)

IMP-19 � IMP-1 � MBL 01 A. baumannii 	MNIMP-19 � IMP-1 � MBL 01 A. baumannii 	MN

�����1 ¡¢£ Vol. 20 No. 1 2010. 33

33



Table 4. Risk factors for MBL A. baumannii infection

Risk factors Total (�) Infected (�) Colonized (�)

Underlying disease
hematological 11 (22.4) 2 (25.0) 9 (22.0)
cardiovascular 9 (18.4) 1 (12.5) 8 (19.5)
respiratory 4 (8.2) 0 (0) 4 (9.8)
gastrointestinal without liver 22 (44.9) 2 (25.0) 20 (48.8)
liver 14 (28.6) 5 (62.5) 9 (22.0)
renal 5 (10.2) 1 (12.5) 4 (9.8)
urologic 2 (4.1) 0 (0) 2 (4.9)
cerebrovascular 2 (4.1) 0 (0) 2 (4.9)
malignancy 13 (26.5) 2 (25.0) 11 (26.8)
solid organ transplantation 10 (20.4) 5 (62.5)� 5 (12.2)
bone marrow transplantation 6 (12.2) 1 (12.5) 5 (12.2)
diabetes 8 (16.3) 1 (12.5) 7 (17.1)

Experience of
surgical procedure 30 (61.2) 5 (62.5) 25 (61.0)
ICU 5 (10.2) 4 (50.0)� 1 (2.4)
bronchoscope 2 (4.1) 0 (0) 2 (4.9)
hemodialysis 1 (2.0) 1 (12.5) 0 (0)

Hospital stay until isolation (days) 63 41 67

Use of
mechanically ventilation 7 (14.3) 2 (25.0) 5 (12.2)
central venous catheter 21 (42.9) 5 (62.5) 16 (39.0)
urinary catheter 11 (22.4) 3 (37.5) 8 (19.5)

Administration of
carbapenems 29 (59.2) 7 (87.5) 22 (53.7)
third-generation cephalosporins 5 (10.2) 1 (12.5) 4 (9.8)
fourth-generation cephalosporins 14 (28.6) 4 (50.0) 10 (24.4)
oxacephems 3 (6.1) 0 (0) 3 (7.3)
aminoglycosides 4 (8.2) 0 (0) 4 (9.8)
glycopeptides 17 (34.7) 4 (50.0) 13 (31.7)
ampicillin-sulbactam 1 (2.0) 1 (12.5) 0 (0)
cefoperazone-sulbactam 4 (8.2) 1 (12.5) 3 (7.3)
piperacillin-tazobactam 2 (4.1) 0 (0) 2 (4.9)
quinolones 12 (24.5) 3 (37.5) 9 (22.0)
trimethoprim-sulfamethoxazole 9 (18.4) 2 (25.0) 7 (17.1)
antifungal agent 17 (34.7) 6 (75.0)� 11 (26.8)
steroid 23 (46.9) 7 (87.5)� 16 (39.0)
immunosuppressant 15 (30.6) 5 (62.5) 10 (24.4)

WBC�1,000 or N�500 6 (12.2) 2 (25.0) 4 (9.8)

� p�0.05 for the infected versus colonized patients
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6��6��� 2�.�G
;C�X*D )* MBL

���!3�i��*G��� AZT�MIC50+
IMP-19�� 16 mg / ml, IMP-1�� 32 mg / ml
`
BC**q �+!�X!aX�
�wxb�*D �
/ b-�z��J���: :+�G-�(X*q
�+¡�3��K0�g*D )* b-�z��J��
�:1:�MIC&F(&��C*D b-�z��J�
��: ¢2! SBT£ � A. baumannii!(�¤G��
��
+3b���t [�¥�¦§��¨! peni-

cillin binding protein
���FW����X
�2, 18©20)D �*�C� CLSI4!ª«a TAZ�56
e 4 mg/ml
�7!�* PIPC/TAZ�¬7/4�+
TAZ�MIC508!56�j7���X�*q
MIC&��9�®0.125Bb 512®mg/ml
~:¯
!;tMIC&�°b¨g�;ga;��*G���
��¬7±<=���
wxb�*D �*�C� A.

baumannii!$��¬7i�² + PIPC
 TAZ�
>-e�7!i�B ¬7��e³�;X_´�sX

wxb�*D
?��+ 2004@Bb 2007@!�X�µ³��*

MBL����A¶ ±e A. bauamnnii�·q�X
*D P. aeruginosa, P. putida, A. xylosoxidans!��
�+@L 0©4B
CD+#qb�;BC*D )*
2008@!+ Acinetobacter sp. 1B Klebsiella oxy-

toca 5B K. pneumoniae 1B Enterobacter cloacae

2B�µ³��* (Table 5)D 2007@ ¸ MBL��

Table 5. Occurrence of patients infected or colonized with metallo-b-lactamase producing organisms in
the hospital between 2004 and 2008

No. (]) of isolates

2004 2005 2006 2007 2008 Total

A. baumannii 3 (38) 16 (70) 19 (76) 11 (65) 2 (13) 51 (58)
P. aeruginosa 2 (25) 4 (17) 2 (8) 2 (12) 4 (27) 14 (16)
P. putida 2 (25) 3 (13) 4 (16) 3 (18) 12 (14)
A. xylosoxidans 1 (13) 1 (6) 2 (2)
Acinetobacter sp. 1 (7) 1 (1)
K. oxytoca 5 (33) 5 (6)
K. pneumoniae 1 (7) 1 (1)
E. cloacae 2 (13) 2 (2)

8 (100) 23 (100) 25 (100) 17 (100) 15 (100) 88 (100)
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Isolated in a University Hospital during 4 Years
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The isolation ratio of MBL producing Acinetobacter baumannii was 67.6� among all MBL producing
bacteria isolated in our hospital from 2004 to 2007, although the most popular MBL producing bacteria
were Pseudomonas aeruginosa in Japan. Therefore we studied on molecular epidemiology for the MBL
producing A. baumannii and clinical characteristics of patients with the isolates. In 49 MBL producing A.
baumannii, 43 (87.8�) of IMP-19 and 6 (12.2�) of IMP-1 were detected by PCR and DNA sequence analysis.
Antimicrobial tests showed a MIC50 value of Imipenem (IPM) for IMP-19 isolates was higher than
Meropenem (MEPM), while the value of MEPM for IMP-1 isolates was higher than IPM. MIC50 values of
Ampicillin/Sulbactam for IMP-19 and IMP-1 were 4 mg/ml and 8 mg/ml, respectively, and the values of
Cefoperazone/Sulbactam (CPZ/SBT) for IMP-19 and IMP-1 were 2 mg/ml and 4 mg/ml, respectively. Statis-
tical analyses revealed that the risk factors for infections with MBL producing A. baumannii were
associated with severe underlying diseases or immunosuppressive state with the administration of steroids
or antifungals, the history of solid organ transplantation and the stay in ICU. Pulsed-field gel electrophore-
sis analysis demonstrated 19 groups among 49 isolates, which supposed to exist nosocomial infections in
our hospital. The ratio of the MBL producing A. baumannii reduced after improvement of infection controls
for patients with the isolates, which indicated that the coordination between a hospital laboratory and an
infection control team were the most important for infection controls in a hospital.
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