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��� ��� �� ���� 	��� ������� � ������� �� !� ���	���� "�# � �$��% &���" �  ��'�(�#)�" *�+!,KPC   

)Klebsiella pneumoniae carbapenemase (� !, /$��01 ��2�� �$$
% � 3, )4 �5$%�$# 4�# 3�678� �6� 3� �)�'$# ��9 )4 ��  )�: 	# 	"

4�# &�;! ��)�# <���.  

��� ��: 4��� ��)�# )�>�� 	#  ��'�(�#)�" *�+!,KPC ?% @�� 3���, �� 	 A�� �$$)MHT  ��Modified Hodge test ( B��% 3, ��$�C% 3���, �

 � 
!�'� />DE ��� '" �$$
%)MIC  ��Minimum inhibitory concentration ( F�) 	#Etest )Epsilometer test (�'�� ���#  &4�7 �� *�(

 ��� !, /$��01 ��2�� � 3, �5$%�$# ��  3G�$7�4 H0�4 F�) B��%)Kirby-Bauer (�$$
% ��4�I. 
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 �4��
% ��� �� 	" �!�� �������285  	��+��)60 �8)4 ( ��D"�$����128  	��+��)27 4�8) ( P$0QD")75  4�RP$0QD" 	$!����((� 16  	��+��)4/3 �8)4 (

 �+!G��S� � "�#�� !�12  	��+��)5/2 �8)4 ( �T�)�2�� U�V%��(9  	��+��)9/1 �8)4 (	���D"� "�#�� !�  �,8  	��+��)7/1 �8)4 ( ���!��A � "�#�� $�4  	��+��

)84/0 �8)4 ( �T$D$#��$� U�V%��(4  	��+��)84/0 �8)4 ( ��V!�� P2$�3  	��+��)6/0 �8)4 ( $� �U��)���4 � "�#��3  	��+��)6/0 �8)4 ( �$����

 �T�� 	�)��2  	��+��)42/0 �8)4 ( �7$%�)�( P!�'���A  	��+�� H� �)2/0 �8)4 (�!4�# �%)�� �� �$0!������( *� .�D"�$���� �� "�# ���#  	# /���W�

*����� 7� H0�4 �4 �  34�# U�01 �$E 3�+$� +$! � *$0"�%�7�)�W� �� U�01 	'$!X� (�'�� H0�4 �4 ���# � *�( *�(���  Y$%�% 	#60 �63 �6  �  

9 ���# ��8)4 �� "�# P$0QD" 	# Y$%�% 70� 75� 55 � 58 � �8)4 )4 4)�� 	!�I P$0QD" 	$!����( 	# Y$%�% 100� 100� 95 � 94 � �8)4 ���# �2�4 

	��� �� 	# Y$%�% 20� 17� 5 � 3 �8)4 4�# . ��'�(�#)�" *�+!, 3���,KPC  ���#2  	���)7/0 �8)4 (	��� ��  ��D"�$���� ���65  	���)87 �8)4 ( ��

	���  T�)�2�� U�V%��( 	��� H� � 	$!����( P$0QD" ���)6 �8)4 (	��� �� 4�# /QZ� U�V%��( ���. 	��� �2'� 	 A�� �$$?% @�� 3���, 	" ���� � 

3, 	D1�� )4 �� �  �4�# /QZ� �DQ[MIC �'�� 3, *�( $! ��&4��\� )4 + � 3, )4 *�(�#)�" 	# /���W� �����#��# � 4�# X��W� � /#�] ���. 

����� ����: 	# )�: ��D" ^�� ! ��� _$W\% 3�;! 4�4 	" )4 	!�I �$# ��� <��� P$0QD" �� "�# �	���� "�#�� !� 	$!����( /Q0! 	# ���� �� "�#  ��

 *�+!, �� ��%`�# 3�+$� ���1KPC 	!�I YDE� � 4�# 3, ��� /���W� ��)�4 ���)�4 ��9 �!4�# ��`�#.  

����� ������: P$0QD" �	���� "�#�� !�  *�+!, �	$!����(��'�(�#)�" 	$!����( P$0QD" )KPC( F�) �Etest 	 A�� �$$?% @�� 3���, �)MHT(  
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����� �����  !�"# �   �	$�% &%�� ����� �'!��� (

   ����� �'!���)World Health Organization   �� 

WHO (�%! ��' �+�,	  
 -�	 $! ��!
!�+ �./0 ��

��1�% �����	 �      2�3�#! 0�# �� !/ ����%/�4��

�	  ��0 )1( .  (��	 ��! $!7  ������    /0 0���	 ���

�0!���# �      /��8� ��!
!�+ �� ���� �� �%�������
���!

(� �1�� 9:�;	 <	!�� /0 ��7   ���=�� ��4�! �!/!0

�	 '���� )2( .   ���� �� �	
��	  ������    ��! /0 ��

�0!���#7 �8���?	 ��  �@:�;	 ���0�A�! �	 0�'   $! ��

 ��!(��	7  ����� ��B����	 $�4�C��/��  ��! ����

��8��?	 �	 �� �'�� )3( .  ��C��/�� �+�,	   ��)  E	�'

�4�! 7��C��/! �/
0 7��C ��C
�	 
 ��C (����0 �� 

�?'�C7 �/�4�� (�	/0 /0 �F/�� �+�=�C   �'�� ���

������ $! �%! �0�� G���1��� �� G
��	 ��� )4(.  

��C��/�� � �� �  �/!���C 
 ��B�,+ <�%
 9�I E�B0

    7��$�	���1��� J:K! &%�� ��B
/��� E���	 /0

  ���@L (�	/0 �!�� ���;��! ���
/!0    $! �'�� ���

E�%��  C �� G
��	 �@�	 G�F �����  �� ��:�%

�	 ��/�M%�B�@% ��'�� )4 71( .  0��
 ��! ��7   /��N

����� ��B
/��� ���$�	���1��� �   �"%!
 �� ��C��/�� � 

(� /�=��! 
 ��4%OC ������ (��	 /0 ��   �@�	 G�F ���

� �����	��C O�8P:� 2�3#7   ��	O% �!�� ������

�%! �,	�� )5( .���' � ��C��/�� E4L    ���% /��	 ��

0�/!�� � ������ /0 �B�:% �	 �� �'��  
 R�!�+! SL��

T�@�     U�:% ��/�# ��=K ���VC    �
/ �W! 
 ��

 ��8�%Efflux (� �	 �� ���' )5-4(.  

     �@:�;	 E�10 �� ��C��/�� �� �	
��	 E�PY $! 

 ��Z�
�C (��� R���      R�!�+! 7��/�# ��=K ���

 ��8�% ��B�,+Efflux  ���$�	���1��� ��B�� 


C��/���	 �� $�4� ��C��/�� ���!��   ��B
/��� E4L �� !/ ��

��K �%! ��' �0!0 �P8� 7���� U�,+ )5( .   [�%! ��

��PI ����  �B�?B�	 Ambler ����� 7   ��B
/��� ��� 

����� �   �	 ��8�� !�A	 �
�F �% �� ��C��/��  ���' :

�
�F ��� A 7B  
D .�0!���# �% �   �:.! �
�F A7 

 E	�' ��$�4�C��/�� ���%�����  ���IMI/NMC 

)Imipenemase/non- metallocarbapenemase( 7

SME )Serratia marcescens enzyme ( 
KPC 

)Klebsiella pneumoniae carbapenemase( 

�	 (� ��B
/��� E4L �8���?	 �� ��'��  �� ��	$��� ��

 ��,Y�	 /0 ���% U�,+ ��]���70  �	  �'�� )5 72( .

�����   ���KPC  OC �
/ ��    U����! E��Y �����4%

��' �+�� ��!����� 
 ��!7 �	 �   ��� /0 �L�% �� ���!�

������  0�A�! SL�� 
 ���' �B0�P	 9:�;	 ���

��0�F ���' �	
��	 )4(.  

(� 0��
 ��    ����� ��! ��   ��!   O�8P:� /0 J:K

��' �+�� ����	��C `/!�F 7��! ��� � ���   7�����
���! /0

O��4B�%��'!�% 7 � ���% 
����� �0!���# ��� � 

0/!0 0��
 �%�������
���! )6( . $! �bL ��B
!�0!���#  �

KPC �B
��! �� /0 �  $! ����	��C O�8P:� ���B��

 U�% /0 �B�4' ����B
/��1997    ��! �� �' `/!�F

G���1��� G�4� �� �B
��!   0�� G
��	 R��	$� 0/�	 ���d 

�	!     ����� ��! $! 9:�;	 �
�F ����e ���,�  � /0 �

�' `/!�F ���0 �%!�% )5-3 71(.  

�!�����7�   ������ ��! f�� g�;=�    �%/�� 
 ��

(� /0 �	
��	 �8���?	 f��    �� �����%0 /�h�	 �� ��

(� iVj �!�� /�?�!/ ������ �%! ��4�! E��Y �� . $!

�]�0 i�I7 ���� ��%�8j ��]B! ���,�  ��! �?�����

������ ��7 ���� (0/
� �%0 �� /�h�	 �� ������   ���
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$% � 

������ ��! ��:L �0�@�%! E��Y 
 !/�� ��7   /0 �%�%! �	!

(� (�	/0 �� �	 �'��.  

 �,B�"	 ��! $! i��7   ���%��' 
 �$�%!��

���%  ��B�� �%�������
���! ��� ����� �  �����

 $�4�C��/��KPC  ���� ��%�8j ��]B! ���,� 
 

(� /0 �?����� �� (��@.! ��' (��%/�4�� ��e /0 ��0.  

  

��� 	
  

���% !���! /0   �0!���# 9:�;	 ��� �   $! �%�������
���!

���4�    ���' ���%��' 
 �$�%!�� ���B�� 9:�;	 ��� .

�B
��! ���%��'  ��`
/ �� ��� ��M�����+ G�A�! �' )6.(  

  ���� �� �	
��	 ��]B!    ���% /0 ������   ���

���� �� �P8� ��' �$�%!�� ������   �4�! ���   7��C

7��C
�	  �M	�  ��:�%   7��%�8��:+
�M�% 7��%�?�	� 7

��:�%!�M�C 7��M@%/ G�����
$�� )��%
$��( ��8����@% 7 

����$��@% 
 )   ���' $! ��' �/!���#Mast 

l�:]�!(  `
/ ��Disk diffusion  `
/ �� 


 0/!����%!Kirby-Bauer �� 	 ��4��!/ [�%!m�8% � 

  �?���:� 
 ���]=��	$� 0/!����%!)CLSI  ��  

Clinical and Laboratory Standards Institute( 

��0�F ���,� )7(.  

0���=�C [�%! �� CLSI7 ���% /0   �$�%!�� ���

��'7   ��%�8j G�L) �	
��	     [�8j �4�� �� 


(0��(  ���?� ���=�� 0!�,� ��  $! ����  ������   ���

�0!���# � �:4� $! ��C��/�� �4�! 7��C  ��C
�	 
 ��C��/!

  � �	
��	 �� 
    $! ���=�� 0!�,� �� �?� �

��/�M%�B�@%   �:4� $! G�% E8� ��� ��8����@%  


����$��@% ��B
! ���%��' �!�� � ������  �B�4�j! ���

 �	
��	 �!/!0KPC  /!�Y �0�@�%! 0/�	 �+�F)7( .  

(�	$�  &%�� ����� ��B�� ����n�(�	$�  ���o� p��

 ��+��)Modified Hodge test (�' G�A�! )8( ./0  ��!

`
/7    0/!����%! ������ $! ����8��M%�% !���!

25922E. coli ATCC  )�:���'�'! (    �h:K �� ��

5/0  ���%/ ��B/�+ �	0��7      �4� �� 
 �=F ����

 �h:K �� ��B�% U�	��1/0    �' ����%/ ��B/�+ �	 .

   ��% $! �0�@�%! �� lM%r     �B�	 &�s	 t"% /0

  � /�F� (����� �    
 �' �0!0 �=� ��4e  /�. 

�8�0  ����   ��C��/! �?�����µg 10    &�s	 ���	 /0

�' �0!0 /!�Y.  

�:j�	 /0 � �,�7 ������ $! ��' !�� ��� � 

 �4� �� 7$�4�C��/�� ����� 0��
 �� u�?=	!�%r  $!

�PB �  ��C��/! �8�0)���	 /0 ��' ��'!VF (  �PB �� � 

  ����8	 &# ��  /�. �� ��:C ���=�   �' /0 


�����7 ��:C  	 �� ��  �24  ��	0 /0 �L�%  

35 �/0� � ����%  ���?�! 0!�F���' .���%  ��B�� ��� 

����� � �	 SL�� $�4�C��/�� ����� �B�� �� ���' �   G�L

  E?' �%�b	  /�. �� ����	 �8�0 i!�I! �'/

/0  ���)�/�P' -�� ��4�(d   ���% �� �B�j /0   ���

�4� 0��
 �� �B�� ��! /0 ����o� �@�	  �B�� 
 ��/
� � 

(� i!�I! �	 �Y�� �%�?� �� ���	.  

��C��/�� �� �	
��	 ����� ����n� �8�  `
/ �� ��

    ��,��4	 �h:K ����4� ���,�)MIC  ��  

Minimum inhibitory concentration(  `
/ ��

Etest )Epsilometer test (�4�! �8�0 �!��    �� ��C

    ��!�� ��h:K !���! 7/�h�	 ��! �� �� ��%/ G�A�!5/0 

! ��B/�+ �	�B
��! $ (� p�� (�	$� �� ����    �Pv	 ��

    (����� �B�	 &�s	 �
/ �� 
 ��0�F ���� 70�� ��'

    E���%! r!�% �4� �� ��4e �=� `
/ �� /�F�

�' �0!0 �=� .  /!�� �� 7���Y0 ��e $! �,�Etest  $!

�4�!       �� lM% 
 �+�F /!�Y ��:C �� �
/ �� ��C
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$% � 

  �	24  /�����?�! /0 �L�%35 ��/0 � ����%   0!�F

 0�L lM% 
 ���' �0!0 /!�YMIC (� �' ���!�# ��.   

  

���	 	
  

475 ���4� $! ��' �$�%!�� ������  ���B�� ���

 �I /0 9:�;	9  ��	) ���1391    ��0/
�+ ��1392 (

   ���% (!��L �� (��@.! ��' (��%/�4�� �% $!   ���

    (� �8�B �� ��0�F ���%��' �%�������
���!   /0 ��

 U
��1 �%! ��	� .(�4� /�I �� $! U
�� 1 

g;=	 7�%! ���4� ��! J:K!    �/!/0! ���@L $! ��

����0�F �$�%!�� . 

�:j�	 /0    �?����� ���� ��%�8j ��]B! 7�,� �

�B
��!     ��%/ G�A�! �� (w��@�0 �8�0 `
/ �� �� .

��]B! ��%�8j ���� �?����� �!�� ������ 

�:���'�'! (�	$� ��'  �� `
/  �8�0   
 (w��@�0

��	(! �	
��	 �� �?� $!  �8�0  ���  ��/�M%�B�@% 

E8� G�% )����$��@% 
 ��8����@% (  ��K (!��	 ��� 


(0�� [�8j )G
��	 �� [�8j �4�� (  �8�0 
0 �!��

�4�! 
 ��C ��C
�	  J���� ��171 7180 717  
25   0�L

) J���� ��60 763 76  
9 �./0( 0��.  

  
 ����2 .�	
� ������ ���� ������ ����	  �
����������
�	 

 ���� !" #�!" $�% �� &�� ��'(�  

���� �	�  
 �	��

)����(  

 �	�� ����

)����(  

 ��	��

)����(  

�)�*  +,�,�  15  3  82  

+,�$-�.  90   -  10  

-� ��0�01  40  5*  55*  

34�.5��,1  37  3*  60*  

�0�� 17�  94  2*  4*  

17�$"�  91  4*  5*  

+,��	,�*  90  4  6  

+,��345�8$"),�  48  5  47  

,�+,95 ���58$" **  89  6  5  

1,)��  71  3  26  

 * ����� 0��
 �%/�� �!��Klebsiella pneumoniae carbapenemase 

)KPC (���% ��! ���' r�;��! ��.  

** ���@L �!�� &�+ �%! ��' �0�@�%! �/!/0! ���. 

  

 ����1 .�
���� �(��	�� *+' � �,%" -"	�.� -���� &"	���/ %" &�� �!���0� ��1 �	 �&�' 2� �3 2��!
�����
�  

����	� �	�  
 ����	� ���� 

)����(  

 �!	"��# $%�)���� (  

�����  &'!  ��(�� )�*+  �  ��(�� ��	" 	
  

��4�,
"
�  )00/60 (285  237  33  5  10  

<,3=�4  )00/27 (128  55  20  45  8  

��>$"9� " 4�?$" ��  )40/3 (16  12  2  1  1  

���5�4 " 4�?$" �� *  )90/1 (9  8  0  0  1  

@0��AB$ C5D.$"�  )50/2 (12  8  2  0  2  

@,�,?�",� C5D.$"�  )83/0 (4  4  0  0  0  

E��$"8 " 4�?$" ,�  )70/1 (8  6  1  0  1  

C5��50�� " 4�?$" ,�  )60/0 (3  3  0  0  0  

@7� ����� �,
�"�  )60/0 (3  2  0  1  0  

�.�� �� �,3���0$$"�  )21/0 (1  1  0  0  0  

�D�5� <A,
  )84/0 (4  0  0  0  4 )� -�F58�(  

 ��,.���� <�5�B��A  )42/0 (2  0  0  0  2 )F58�� -�(  

 G4 H�I)����(  )100 (475   336  58  52  29  
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 ����� ����KPC ������  �	
�"���
$% � 

 ����3 .�
���� �	
� ������ ���� ������ ����	 �5��6�� 

 ���� !" #�!" $�% �� &�� ��'(�  

���� �	�  
 �	��

)����(  

 �	�� ����

)����(  

 ��	��

)����(  

+,�,� �)�*  2  0  98  

-�.+,�$  55   -  45  

-� ��0�01  30  5*  65*  

34�.5��,1  25  3*  72*  

�0�� 17�  45  3*  52*  

17�$"�  42  3*  55*  

+,��	,�*  40  5  55  

+,��345�8$"),�  45  7  48  

+,95 ���58$" ,�**  57  3  40  

1,)��  57  2  41  

 * ����� 0��
 �%/�� �!��Klebsiella pneumoniae carbapenemase 

)KPC (���% ��! ;��! �����' r�.  

** ���@L �!�� &�+ �%! ��' �0�@�%! �/!/0! ���.  

 ����4 .�
���� �	
� ������ ���� ������ ����	  5��6��

2���'�08 �  ���� !" #�!" $�% �� &�� ��'(�   

���� �	�  
 �	��

)����(  

 �	�� ����

)����(  

 ��	��

)����(  

+,�,� �)�*  0  0  100  

+,�$-�.  1   -  99  

-� ��0�01  0  0*  100*  

34�.5��,1  0  0*  100*  

�0�� 17�  5  3*  92*  

17�$"�  6  4*  90*  

+,��	,�*  3  2  95  

+,��345�8$"),�  2  0  98  

+,95 ���58$" ,�**  3  0  97  

1,)��  0  0  100  

 * �!�� ����� 0��
 �%/��Klebsiella pneumoniae carbapenemase 

)KPC (���% ��!  �����' r�;��!.  

** ���@L �!�� &�+ !/0! ����%! ��' �0�@�%! �/.  

  

�!��  ������7O�8P:�  (!��	  �	
��	  ��  �?� $! 

�8�0 ��� ����$��@% 
 ��8����@%     ��K (!��	 ��� 


(0�� [�8j )G
��	 �� [�8j �4�� (  �8�0 
0 �!��

�4�! 
 ��C ��C
�	 ��  J����90 796 770  
74 0�L )  ��

 J����707 757 55 
 58 �./0 (0�� )  U
��3.(   ��!

��	 ��0/0 0/�	 ���F � O�8P:� ����	��C ��   J����75 7

75 771  
70 0�L )  J���� ��1007 1007 95 
 94 

�./0( ) U
��4 (
 �!�� �]�0 ���%  ���  �$�%!�� 

��' � 7�%�������
���!  ��   J����12 710 73  
2   0�L

) J���� ��207 177 5 
 3 �./0(  0��) U
��5(. 

 
���� 5 .���	� ������ ���� ������ 	
�� 	!2��: �1� "!
� 


�����
��	!2��   

���� �	�  
 �	��

)����(  

 �	�� ����

)����(  

 ��	��

)����(  

+,�,� �)�*  41  11  48  

+,�$-�.  87   -  13  

-� ��0�01  80  5*  15*  

34�.5��,1  83  3*  14*  

�0�� 17�  95  3*  2*  

17�$"�  97  1*  2*  

+,��	,�*  92  1  7  

+,��345�8$"),�  68  7  25  

$" ,�+,95 ���58**  85  3  12  

1,)��  89  5  6  

 * ����� 0��
 �%/�� �!��Klebsiella pneumoniae carbapenemase 

)KPC (���% ��! ���' r�;��! ��.  

** ���@L �!�� &�+ �%! ��' �0�@�%! �/!/0! ���.  

  

��/�M%�B�@% �� �	
��	 ����=��  
 G�% E8� ���

 ��	��C O�8P:� ������ 0/�	 /0 ��C��/��   ���0 �� '�. 

     �� $�4�C��/�� ����� ���%��' (�	$� 7���% ��! �!��

��%/ G�A�! .�' �/�'! ���% ��     $! �?� �� G
��	 ���

��/�M%�B�@% �� 
 G�% E8� ���    �?� �� [�8j ��K

��C��/�� $! ���% (!��L �� 7��   ����� ��B�� �B�4�j! �  �

 $�4�C��/�� �����KPC ���' ��+�F �h� /0d !��  	$�(� 
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������ �
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���
��
 ����� ����KPC ������  �	
�"���
$% � 

/0 �	/!0� �Pv	 0�� �� �� E?' �4�� -��  /�P'� 

g;=	 ��0�� )E?' ��� 1  
 9B!1 r.( 

 

  
  

  
 *�1 ;�	 .2<���  �	
� 2�=�! 
��>� ?�1 ��'(� �6 2!��  ;��A' �

�6���5 ��'�08�2   

9B! :/0 �%�� � �4% 1�� ����A � (�	$� @�	� �B�� (�e 7�%!  ��' 0�A�! �

� ��C��/! �8�0 &%���%! ����	 ���o� (
� .���% 
0 0/�	 /0 �	!  �4% �

���% ������ �� �%! �Pv	 (�	$� ��! 7����C  0/!����%! ��:���'�'! E?' �� 7

���% i!�I! /0 �/�P' -�� �� �%�b	 ����� ��B�� �  ����� �KPC 

)Klebsiella pneumoniae carbapenemase (�%! �0�� �'/ .  

r :O�8P:� 7���% �% ��! /0 �%! �Pv	 ��+�� ���o� p�� (�	$� ����	��C.  

  

   �� �	
��	 ����� ����n� (�	$� 7����� /0

��C��/��        ��,��4	 �h:K ����4� ���,� `
/ �� ��

)MIC(  `
/ ��Etest  �4�! �8�0 �!��  $! ��C

�B
��! (� p�� (�	$� �� ���� �:j�	 /0 �� �  �Pv	 �:PY

   0 (� y���� �� ��%/ G�A�! �� 70�� ��'  U
�� /6  


 E?'2 �%! ��' �0!0 (�=� . �	 (�=� y���� ��!   ��0

���% �]4� �� (�	$� �� ����  ��p ��+�� ���o� � (�   ��

�:j�	 /0 �  70�� �Pv	 �:PYMIC �4�! (� ��C  /0 ��� ��

�
�s	 �   /0 ��C��/�� �� �	
��	 7��!����� 
 0�� G
��	

(� �' ���W ��.  

  
 ����6 .�
���� "	�.�  ��1'B��C �D!	 2� E08  E!:�� �	%	"KPC 

)Klebsiella pneumoniae carbapenemase ( &�� ��%
�

 $�% #D� 2� �� ���!H� ��'(� � 2�=�! 
��>� ?�1 $�% 2�

Epsilometer test  

����	� �	�  
 ,	
 -(�!. ���� 

 /01�)����(  

 �� ��	�� ���� 

)���  ��� 	� &+2

Etest )����(  

��4�,
"
�  2  �05�)7/0(  2  �05�)7/0(  

�,�5�57� <,3=�4  65  �05�)87(  65  �05�)87(  

C5D.$"� @0��AB$  1  �05�)6(  1  �05�)6(  

�%! ��' �0/
� ������ l�� (�4� �� �P8� ������ �� G
��	 �./0.  
  

  
*� 2 .��'(� H��!�� �I��! �'��C' 2� E08��%�� �1 �� $�% .���J 

MIC )Minimum inhibitory concentration( 2� $�% 

Epsilometer test  
!��� 0��8 !�4� ��C $! !��B
� ���� �� (�	$� p�� (� �� /0 �:j�	 � :PY� 

�Pv	 ��' 70�� /0 �� �%�� 8P:��O ��	��C�� (�=� �0!0 ��' �%! �� MIC 

(� ��!�� �� 32 	� �'�� 
 !������� �� /�I E	�� G
��	 �%!.  

  

3%�  

U�% /0 `/!�F 7��#! ���  �$ ��� ���% $! �0�   ���

����� ��B�� �%�������
���!  ������  ���KPC  /0

   
 �%! ��' `/!�F (���   (� 0��
 ��  ��   ��!

����� �� !��' �+�� ����	��C O�8P:� /0 J:K   7��!  �	!

6(�(  

8(  
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���
������ �
�  �
���
��
 ����� ����KPC ������  �	
�"���
$% � 

`/!�F ��� ����� ��! $! �  /0 ��   ������ ���%   ���

�0!���#  /0 �:4� $! �%�������
���! �  7�����
���!

 O��4B�% ��'!�% 
0/!0 0��
 )11-9(.     �� ���� ��

    ����� $! ��%0 ��! �� ��!    �	
��	 ���  �
/ ��

  U����! E��Y �����4%OC      �� J:K! 
 ��/!0 0��


���@L  7���8� �!�4� ����%/�4�� ���  ��!�����

�	 �  �L�% �� ���!� �0��8F     0�A�! SL�� 
 ���'

 �	
��	 <�%
��0�F )12(.  

 ���� �� 7�]�0 i�I $!    ������ �� ��! ��   ���

�0!���#    <��' (!��L �� $��� �%�������
���! �   ����

���@L ������ ��� /0 ���8�! ��� �	 ��#��' ��   ���'

(� /0 �	
��	 0�A�! 
  ��! �F! 2�3# �� ��

   �	 70�' E4j ��4%OC �
/ �� �	
��	    �� ��!��

  ��!����� d00�F �0��8F ��,4� ��� /0 �L�%

(� �%/��  $! ��   �z�
 ��4�!    ���@L U���� /0 �!

 �%! /!0/�#�� ����%/�4��)13 .(   �� 7�,B�"	 ��! /0

�0��8F /�I ������ �!      /�h�	 �� �0!���# ��! ���

    $�4�C��/�� ����� 0��
 �%/��KPC  ��e /0

    �� ���+�F /!�Y �,B�"	 0/�	 (��@.! ��' (��%/�4��

������ f�� 
 f��'     
 �	
��	 f�� ��! �
�j ���

�(� /0 �?����� ���� ��%�8j ��]B! ��   g;=	 ��

�0��8F �%/�� 7R�
zC G�A�! (�	$ �� �� 00�F  /0 �!

  0�� ��=� G�A�! ���	$ ��! . ������    �$�%!�� ���

�0��8F 9�I �!/!0 7��'  �4� 
 ��0�� �! (    �� /�I

�	 /�h��!    ��' ����=	 ��� �]�0  �,B�"	 /0 
 �+/

 0��)13 711(��'�'! ������ 7 ����=�� �!/!0 �:�

(� ��� /0 ��!
!�+ 0�� ��.  

����=�� 	�(!� ��� E4j�� KPC ����� /0� 

8P:��O ��	��C �� 0 ���     0  �,B�"	 �� �� �'� �] 

�!�;4�� �'!0 .Urban  (!/�?4� 
)14 ( $! 0/�	 ��

������ �:���'�'! B�� ��  ����� �  ����� KPC  /0 !/

� ��'���u/� � /0�(��%/�4  {�����  
/ �� `Etest  


B�?B�	 `
/� PCR  ��0�� `/!�F .�|4���7 

Zhang  (!/�?4� 
)15 (  ��' /0Hangzhou  e�7� 

'/!�F� ��� 0��
 $!�� 2KPC ����� /0 !/�  '!�%�� 

   ��0�� `/!�F l�% �%/�	 .Tsakris   (!/�?4� 


)16 (���  /0�?� � $!�(��%/�4 ��� �7(��� ����� 

2KPC ����� /0 !/� '!�%�� l�% �%/�	  �% /0

��/�4 ��8�� ��0�� `/!�F .Cai  (!/�?4� 
)17 ( /0

 ��e21   7l�% �%/�	 ��'!�% ������ 0�L10 

���%  �B
��! �� 
 ����	��C O�8P:� �  � �:���'�'! 

��C��/�� �� �	
��	 �!/!0 �� !/    �$�%!�� 7��0�� ��

�,B�"	 /0 �� ��0�� (� � �,B�"	 iO# �� ��  �}�j �

���% ��B�� JB�K � �����   ��'!�% 7$�4�C��/�� ����� �

  ��"�	 iO�#! �� �	! ��! �� 0�� l�% �%/�	  /0 �!

����� ��! /�=��! ���% ��� /0 ��  9:�;	 ���

�	 �� �%�������
���! 00�F .  

�,B�"	    �� 0!0 (�=� �}�j �78  $! �./0

���% ��' �$�%!�� ���  � ����	��C O�8P:�  ��!
 7

 �����KPC  /0 �� ���8�    7�]�0  �,B�"	 �� �8���	

0�� ���1�� (!��	 .    ��! 0��
 ����� (�	$� ��e ��

�����     �B�?B�	 `
/ �� ��8��� ��PCR 

)Polymerase chain reaction (00�F ���n� .  �� /0

�,B�"	      &%�� ��+�F G�A�! <	�� �Deshpande  


 (!/�?4�)18 (  ��� /0 7�?��	� /08885 ���%  �

�0!���# �� ~:,�	 �    &�+ 7�%�������
���!51  ���%  �

����� ��B��     �� ��0�F �$�%!�� $�4�C��/�� ����� �

�,B�"	 �� �P8� ����C /��8� �./0 �}�j �  0�� ��� .

�	 (�=� �	! ��!     ����� ��!
!�+ (!��	 �� ��0   ���

   ���� ��	$��� 
 1�� /��8� (��@.! ��' /0 $�4�C��/��
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 ����� ����KPC ������  �	
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$% � 

�%! ���=��.  

Bratu  (!/�?4� 
)12 ( ���  (w �$�%!�� (!��	 

KPC ���%   ����	��C O�8P:� ��� !/24  �./0

��0�� `/!�F .���% 0/�	 /0 �8�0 �� �� ����   ���

   (�	$� �	! 7���'!0 �	
��	 ��C��/��KPC   0/�	 /0

(�     0�� ��' �@�	 ��)   U�v	 �!��13    �Y�� �./0

����	 ���% �  �������	��C O�8P:�(  �	 U�4�j! 7  0
/

8���?	�  ��C��/�� �� �	
��	 �]�0 ���   ��-  �:4� $!

����� 0��
  $�	���1����B��	 ���-     �� ���8� ��F/0

  (�	$� ��8��� 70/!�	 ��! �!��     ��! ���%��' ���

�8���?	  0��F G�A�! ��)19.(  

y���� ��! 7�,B�"	 ����4� �%/��  �]�0 ���

 �:4� $! ����s	Cuzon 
  (!/�?4�)20 ( ��� 


Pasteran  
(!/�?4� )21 (  ���% �� 0!0 (�=�  ��� 

��!
  (wKPC�	
��	 7    ���� ���% �� ��1��

 ������   �M	� �:4� $! ��  ��:�% 7��%�?�	� 7

  ��:�%!�M�C 7��M@% 7��%�8��:+
�M�%/G�����
$�� 

)��%
$��(��8����@% 7  ����$��@% 
�� ��/!0 ��!  �	!

�	 ��!�� �� E�B0 0��
 (�	�4� (w ����e  	���1���$� 

/0 ��! �B
��! �� �'��.  

�� /�I 7�:� y���� ��! ~��s� (�=� 0!0 �� /0  ���

���F ��� <��' O�8P:� ������ 7�%�������
���! 

����	��C �P8� �� ���% ������  ���1�� (!��	 �
�j ��

 ����� $!KPC  ���F J:K! 
 0�� (� ���  �!/!0

�	
��	 ��
/!0 ��e   � ���� (� $! 
 ��0�� ��1�� �

�	! ��! /0 �%�C �� R�!�+! i�3	 $��� $! R��   ����

������ �� 0�A�! �	 70�' ����� U���� �    ���� i�3	

7������ R�� �4�	 /0 ���F�:� $! /��N  ���F ��! 

`�% �'!0 ��!�# G
��	 ���.  

  

)�����4 � �56   

     ����s� ���	 �B�	 ���4j �� R�
zC ��!

�/�4�� ��]=�!0 ���8	�F 
 ���@L ���  �?'�C G�:L
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Abstract 
Background: The aim of this study was to isolate and identify KPC (Klebsiella pneumonia 
carbapenemase) enzyme producing strains of Enterobacteriaceae, and determine their antibiotic 
susceptibility pattern in three hospitals of Isfahan, Iran. This subject has not previously been 
investigated comprehensively.  

Methods: KPC detection was done by Modified Hodge Test (MHT) and their antibiotic susceptibility 
patterns were determined by disc diffusion method. 

Findings: The total of 475 strains were isolated and detected as Enterobacteriaceae during the period 
of 9 months (July 2012-March 2013) in three hospitals in Isfahan province, Iran. These isolates 
contained Escherichia coli: 285 strains (60%), Klebsiella: 128 strains (27%), Enterobacter aerogenes: 
16 strains (3.4%), Enterobacter cloacae: 9 strains (1.9%), Proteus vulgaris: 12 strains (2.5%), Proteus 
mirabilis: 4 strains (0.84%), Citrobacter freundii: 8 strains (1.7%), Citrobacter diversus: 3 strains 
(0.6%), Serratia marcescens: 3 strains (0.6%), Shigella sonnei: 4 strains (0.84%), Salmonella 
paratyphi A: 2 strains (0.42%), and Providencia stuartii: 1 strain (0.2%). Percentage resistant to 
ceftazidime and cefotaxime and non-susceptibility to imipenem and meropenem for above isolates 
were, respectively, as follows: for Escherichia coli isolates 60, 63, 6, and 9; for Klebsiella isolates 70, 
75, 55, and 58; for Klebsiella pneumoniae 100, 100, 95, and 94; and for other Enterobacteriaceae 
isolates 20, 17, 5, and 3. Our results showed that KPC test was positive for 2 isolates (0.7%) among 
Escherichia coli strains, 65 (87%) isolates among Klebsiella pneumoniae, and 1 isolate (6%) among 
Proteus strains . This was approved by Etest based MIC method. 

Conclusion: In general, our results showed that among Enterobacteriaceae isolates, Klebsiella 
pneumoniae isolates had higher KPC enzyme production, and most strains had multidrug resistant. 

Keywords: Enterobacteriaceae, Klebsiella pneumoniae, Klebsiella pneumoniae carbapenemase 
(KPC), Etest method, Modified Hodge Test (MHT) 
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