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4B�E� �D�E	� ��� ���� 	��DED������� A�� ��EF�� ��	��A� ���FEA���B� �D��F�E�� 9�

���������F�E����A��G���������	�AB��*��%���������E�M��D��#�������,��	�����

	� �	�B�� <��� �E���EE��� �������� 	��DED���������� D!A�	E���D	�B�AE� �	����

	"��B�� �DE	� ���� �D��#�������� ��� ��� �����	�AB�� �	� AB�E�A(��� 1<3>�

�DE	F�E	� ��B�AA��� F��F���E	�E	� ���� �ADE��� ��� ���E� ��� AB������� ���

�����	�AB�� *ML,�� =E��E�� �B��D�	�E	� ��� #DB���	�B�AE�� ���E	� ��� A��

�DED��ED������E�������9�	��DE��F������E	� �E�������A�����*����BDAA�	�B��	�

���EA�#B�	D��EAE,�*@9,��

���FEA���B� �����	�AB�� ��	� �E�� �E	�FD%��	�F��� ����F	�E�E	� ��� ��EF��

���FEA���B�� �A� �B���	� �B�E�%���AA����2F���E���	��� 	D��D�F�� ���D%�A���	� 	F���

�D���E	� �����A�� �D����E	� ��F� ��A���� DF��E��F�� �E� �	�D��C�F�� ��FD#

�E��FD%���� D�(����� E���	����� � ��F��E	�E	� A�� �A��D��� �	� A�� A��	D��� �E�

�FD�����E	� ��� ��F�� �FD�����E	� ��� AB�E�DA�� �	� �E�� �F����� �	� ��F��E	�E	�

AB���	DSE�� *F���	�DE� ��� BD����#+FD�I���F,�� F������E	� A��� E�	F�	��� �E�

E�	F�	����

�

9� $���C�C��C�-B��B���-�C3B�.���

��� �����	�AB�� ��	� �E�� ������� �%����	��F��� =AA�� ���	� �	F�� ��DA��� ���

AB�E��FDEE���E	� *�DA�������������F����������������������	���,���E�������

���� �ADF��� �D���E��A��� ��� ABCD���� �	� ���� �E������ *@9,�� =AA�� �DADE����

�����B�� ML:� ���� �E�������� ��� E������ ���� ���������� �����	���� �	�

E��D�C�F(E�����<�� �DADE���	�DE������E	����� ��DDE� 	F��� ���DF	�E	���C�F�

A�����	��E	��CD���	�A�����*OO��@9M,��

��� �����	�AB�� ��	� �� ABDF���E�� �B�E���	�DE�� �D���E��	��F���T� �AA�� �� �	��

�E�	��A���E	����F�	����E�������E���DE����E��FD��E	���*�E���D#%���AA�����

7F���A�E��F,���F��E�E	�����E	��AA���E	���F�	�FF��E��	C(A�����*�O,��=AA����	�

���D�F�BC��� ��F	D�	� F��DEE��� �D���� F���DE��%A�� �B�E���	�DE��

ED�D�D���A��� *�E���	�DE�� �F�E��F���� �E	F�#�%�D��E�A���� �E���	�DE�� ��� ��	��
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7F�E���� A��F���DF	���� ABP5=C' �*P%��F��	D�F��5�	�DE�A���� AB=������DAD����

��� A�� C����	�E��� '��	�F��EE�� ����  E	�%�D	�����,� ��� 9LLU� �E������ �������

�����	�AB�� ��	� F���DE��%A�� F�����	�����E	� ��� ��U:� �	� ��A:� ����

%��	�F������� �D���E��	��F��� �	� ED�D�D���A���� ��� ���� A�� �A���� ��� M����

F�E�� ���� %���AA��� ��2F��� E���	��� ��F���$E�!�DA�!AB� �	�A��	�%E��&	�	�BE�

B�D�#A�	EB�� ��� �����	�AB�� D������ �E�� �A���� ���DF	�E	�� ��E�� A��

��	CDAD���� �E���	������ ��� ED�����#E��� =E� ����	�� A��� �E���	�DE��

ED�D�D���A��� �� ��� �����	�AB�� ��E�� A��� ��F������ ��� E�DE�	DAD���� �DE	�

�F����E	���� ED	����E	� ��E�� A��� �E�	��� ��� �D�E�� �E	�E����� �	� �C�F� A���

�F���	�F���*@V��@@M,���

<�� �DE	F&A�� ���� �E���	�DE�� ED�D�D���A��� �� ��� �����	�AB�� F��D��� �W�E��

��F	� ��F� A����6	F���� ��� A��F� 	F�E������DE� *F�����	� �������F��� �BC(���E��

�A���������� A������ ���� ���E��� ��DA���E	� ��D�F��C����� �	� 	��CE����� ����

��	��E	���DF	��F���F�����	������FD	D�DA�������D�E��������	C�	�F���F�E��F���

�	����E��������� 	F��C�D	D�����������A������	���� AB��������E	�CD���	�A��F,�

*M@,� �	� �B��	F����F	�� ��F� A����6	F���� ��� A�� �F���F��	�DE����� �E	�%�D	�������

1��������DE	F&A��E�����	��	F�������������E���E���DEE�����E������FD�DE����

���� ������	��� ��� ��F�A�E��� �	� ��� 	F�E������%�A�	�� ���� �����F�E	�� ��DA�	�� ��

AB�E	�F���F����AW���������������	�AB���

=E��E�� ������� A��� �EE���� UL�� ��� �����	�AB�� �� ���F��� �D���� ���E	�

�B�%���� C���	������ �F���	���� ��F��E�E	� ��E�� A�� �D���E��	�� �C�F� ����

��	��E	�� ��E�� �E	�����E	�� ��� ��	CDAD���� C���	D%�A���F�� *@RV,�� .��

�(E�FD�������D�������E��%��	�F�������	����E	��AA���E	������D��A���	�DE��

��	��	�	������ *�E�D�C	�A�������E�E��	��),�����	������E	��AA���E	����F�	�

�E�  ����� *AA�� RO�� 9V@,�� +A��� F������E	�� ���� ���� DE	� �	�� F���DF	��� �E�

 ��F����� ��� 5DF�� �	� �E� =�FD��� *@LL�� 9AO�� U@,�� �D���E	� �C�F� ��	��E	��

�BDF���E�� ����	������ �����F�E	� �E�� ������	�%�A�	�� ��E�	����� �� ��		��

�E���	�DE��4�E��A�����DF�	�����������A����D��C�����ABDF���E���������(E�FD���

����F	��EE�E	� ��� ��FD	(��� �����A��F�� E@� �	� ��� �D��A���� �ADE�A� 3>9M�

*9AO,��4B��	F�����FD	(����*E9��EA���	�EAV,��DE	��A���F�F���E	�F�E�DE	F���
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���F��E	�� *3>UO�� 3>MUL,� DE	� ���A���E	� �	�� F���DF	���� ��E�� ����

�E���	�DE������F���*U@,��=E�=�FD����	��E� ��F��������EDF���A����FD	(���E9�

����F��	� ����F� �F�������E	� *A� �� 9L� :,� ��F��� A��� �E���	�DE��

ED�D�D���A����=E�F���E�C��A����FD	(���E@�EB(���	�����D%��F����E���CDF��

�����%��������D����*9UV��9AO,�

�

:� &-��F�B��FED���C��-���1��D�3BD-�C�F�.��D�

��� �����	�AB�� ��	� A�� �F�E����A�� ������� %��	�F��EE�� F���DE��%A��

�B���������� �E	F�#CD���	�A��F���� 4������ ��E���F� 9LLO�� ��	�� ��� ED	F��

�F����F�� ��%A���	�DE� ��F� ��� ����	� *@MR,�� ED��� ��DE�� �E�A(��� UA�

��%A���	�DE������F��	�����F���F�E�������E��+�%1����E�	���E	�A����D	���A���

/�IA�%���AA�� �E���DE���� �E�� ED�D�D���A� D�	%F��I*�,0�� >D�	��� ����

��%A���	�DE��F�A�	�E	���������������������������D��C�����A	�F����	�E	����	�

�FD���	F���������ED���AA���β#A��	��������<�����(���DE��FE����DE	�F���F	���

��F� A��� A� �DE	�E�E	�� ������E�� ���%A�� F��F���E	�	�DE����� ��(�� �E� �D��� ���

����AD�����E	�� �E� F���DE� ��� AB�E�������E��� ���� �D(�E�� C����E���

	��CE�������	�%�DAD��������D�F���%A��F���E������F�������E	�FE�	�DE�A�����

<�����(��A���A����DE��FE�����F������FD%A������DE	�G�A���=	�	��$E���*EX@@�

��%A���	�DE�,�� A�� 2F���� *EX@L,�� =����E�� *EXR,��  ��F����� ��� ���� *EXR,�

�	�A��� �	� A�� 7F�E��� *EXV,�� ��F�8A� *EX�,�� �DF��� *EXM,�� .C�E�� *EX9,�� <��

ED�%F���������F���DF	�����F������������F������9���@O@��4�E��9A:�����

����A�����F�������DE��FE����DE	������E�	�������D�E���E	�E��������A	���D�����

E�DE�	DAD������

<��� �F�E����A��� β#A��	������� ���D������ �� ���� �ADE��� ������������ �DE	�

����E	��AA���E	�������F%���E�������*EXAL,�*E+.��B�1��P? #�U,������β#

A��	������� �� ����	F�� �	�E��� *EXMO,� *.>?#1#@A�� 3"B#@9,�� ����  ��.�

*EXA,� *4" ,�� .�F	��E�� �ADE��� ����E��� ��F� '���A�	��E� E�(������ � �A�#��

*1<3>,�DE	��	��F���DF	������D���������F	��E���β#A��	���������E���F	���A��F��

3>9AU� *3����E��� >(��,� �	� E+.#M�� �D��A���� �ADE�A� *..,� 3>@@�� 3>@A��

3>�V��	�.>?#1#@A��3>@L@��3>MRA��	�P? #�U�
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Y��	F���E���	���E�	�DE�A���DE	�F��DF	��A���������DE�����ADE���������������

*�,� �E� "DE�F��� ����� �E� �ADE�� �FD�����E	� .>?#1#@A� *@RO� ���� ��E�� �@�

C&��	���,�� *��,� �E� 2F���� ����� �E� �ADE�� �FD�����E	� B�1#@� *�L� C&��	�����

9L:� ���� ��DA�	�� ��� ��� �����	�AB�,�� *���,� �E� 2F���� ����� �E� �ADE��

�FD�����E	�E+.#9�*@OO�������E�����C&��	���,��*��,��E���F�8A�������E��ADE��

�FD�����E	�E+.#M�*@9VA�������E��9V�C&��	���,���

�

;� ��C3B��D����C)-����

4���D�E	���������������DAD������������F�E	�����	CD����DE	��	���FD�D�����

�D�F� �D���F�F� A��� �D��C��� ��� ��� �����	�AB��� +�F��� A��� ��	CD����

�C�ED	(�������� A�� ��FD	(������ %���� ��F� A�� ��	�F��E�	�DE� ��� AB�E	���E��

�����A��F�� E�� ��	� �������A���E	� ���A���%A��G� VV� ��FD	(���� �����A��F��� �DE	�

��	��AA���E	�F��DEE����$E����	CD�����F�+.C#C7<+����	�����F�	��*9R,��

+�F���A�����	CD�����DA���A��F����A��F�%D	(�������	�	F�������F���E�E	��D�F�

A��� ��DA�	�� ������ �����	�AB��� <B�A��	FD�CDF���� �E� �C���� ��A��� ��	� �E��

	��CE�������� F���F�E���� F��FD���	�%A���	�����F���E�E	������� F�A�	�����E	�

ADE����� <��� 	��CE������ �B���A�����	�DE� �A��	D�F�� *C +4�� =C�.#+.C,� �DE	�

����A�������		F���E�Z��F��������D�E������F���E�E	���T��AA��������E	��	F��

E��E�D�E������	������AB�������DAD����AD��A��*VR,��

=E��E�� � A��1<3>����� �DE���	�������A����F��	� �����E��F��A�����F����E������

��E����� ��	� F��FD���	�%A�� �	� ��F��	� ��� �D���F�F� ���� �D��C��� �E	F��

A�%DF�	D�F����<����C����1<3>������AD������F�4���D�F	����B����%������F�V�

��E���� ��	� ��	��AA���E	� A�� �A��� �	�A���� *UA,�� �A� �� ��F����� ED	����E	� ���

��		F���E������E���A���������DE�����ADE��3>9M���E��A����%����C���	������

���F��E	��� <�� 	F����A� F���E	� ��� 'F����� ��� B��� �� �DE	F�� AB����	�E��� ���

�D��A����� �ADE���� ���D����� �� �E� �D��D�F� ��	CD��E�� ��F	���A��F�� ��F�

�����A�� ..9ME@� �	� ..U9E9� *ML,�� +�F� ��AA��F��� A�� 	(����� 1<3>� ��	�

A�F����E	� �	�A���� ��E�� A��� �	����� ��� �ADE�A�	�� ���� �D��C��� ��A	�#

F����	�E	��� �������E�E	� �� AB��C�AA�� �DE���A���  �E���� ��F	��E�� �ADE���

�FD���	��F�����.>?#1#@A��D����A����ADE���3>@@��	�3>@A����%A�E	���D�F�

�E� C��	� �D	�E	��A� ������������ �A� �E� ��	� ��� ����� �D�F� A�� �ADE�� 3>9AU�
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�FD���	��F������F%���E���������	(���E+.�*9MM,�������	��E���F��E	���F��E�

���A�AD��������ADE��3>@@�*VV,��

��

��� ��EC���D��������F��E�����&-��F�B��FED��

<���	�F�������	��F������	CD��E���	���	� ���	��F������F�A�E����DE	��D���E	�

�	�A����� �D���� �(EDE(����� 1���� ��F	��E�� ��	��F�� �DE	� �E�� ���	�E�	�DE�

�A��F�� �E	F�� A��� �����G� A�� 	�F��� ��	CD��E���	�� ����E�	� A�� ������	�� ��� A��

%��	�F����������F��E����A������ADF������ A����F�A�E�����	� A������F��D�� A��

���F�������	CD��E���	��*9LV,��

.�E��	(����������	��F��DE	����	�ABD%��	��B�	�����*����F��@,��

�

 
 

 
 

�������8�"�C��F���E	�	�DE���C���	��������� ���	��F�������	CD��E���	�����
��������	�AB���4B��F���+D���C�E����B���*9LV,���

 

8� ��C��.��D����D��6�E��

4����	(�����B�E	���E����DE	����F�������A����F����������������	�AB���.���

������E	���E����DE	F�%��E	���A����	CD��E��������		��%��	�F����<���F����F�

��	�AB�E	���E��P�������	��D��D��E	����A��D����C�F����*<+3,��	��DE	�R�	(����

DE	� �	�� ���E	������� <�� ���DE�� ��	� AB�E	���E�� �����A��F�� *E,�� �E�

�DA(����C�F���������A��F���DE	�U9�DE	��	�����F�	���	�VU���F��	�F������

•  <��A��D�DA(����C�F����*<+3,�

<�� <+3�� ��	� �DF��� ��� �A�����F�� �D��D����G� A�� A������  � ��� �	F��	�F��

DA��D����C�F���������	�AB�E	���E��P��<B�E	���E��P���D��D���A���A�����	�FE��
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��� <+3�� ��	� �DF��� �B�E�	��� F���	���� ��� �DA(��F��� �BDA��D����C�F������ �A�

����	���E���F�E�����F��%�A�	���C����������A���D��D��	�DE����AB�E	���E��P��

F��A�	����A����F��%�A�	����E�	�����������E������A��������E��A���(E	C�������

AB�E	���E��P��	� ��	�������E��������� �A��	�F�)F�� <�� A������ � �DFF���DE����

AB�E�D	D��E�� ���� %��	�F���� �� 2F��� E���	��� �	� ��F	������ ��� �D��D�F�

��	CD��E��� 3�� A�%�F�	�DE� �������� ��E�� A�� ��F��A�	�DE� ��� �D�F�� ����

%��	�F��������DE���	�����CD���E�D	D��E������

•  <�������A��

<�����DF�	�������D��C��������������	�AB���FD���	��E�������A�����E�	�F��

�DA(����C�F�������T��AA���DEE�������DADE������F���AD����E������F�E����A���

D���D�E�������������F��	�F��	�����*OU,��

3�F� A��� U9� �E	���E��� �����A��F���� VV� �DE�	�	��E	� �E�� %���� ���

F��DEE�����E����E	�FE�	�DE�A���<�������A����	�����E	��AA����A����F�A�E�������

IA�%���AA��� *OU�� UU�� @9O,�� =AA�� �DF��� �W������ ���������� ��� �	F��	�F��

��%F�AA��F���D��F�E	� A����F�����%��	�F��EE���E��D��C�����������	���E���*M,�

���� �FD	���� A�� %��	�F��� ��� A�� �C��D�(	D��� ��F� A��� �DA(E��A���F���

E��	FD�C�A�����W�E����F	�*9LA��9LO��9�9��9�M,���	����AB����	�%��	�F���������

���	��F�� ��F������ �B��	F�� ��F	� *9V�,�� <�� ����E����� �DA���A��F��

�DE���	�F��	� �� �EC�%�F� AW��	���	�DE� D�� AW�%�DF�	�DE� ���� �D��D��E	�� ���

�D��A���E	�� �E� ��F	���A��F� .M%� *9VA,�� P�	F�� A��F� �DE�	�DE�

�E	��C��D�(	��F��� A��� �DA(����C�F����� �����A��F��� �D�FF���E	� �EC�%�F� A��

�����F�E���	�DE� �	� A��� ������	��� �DE�	�DEE�AA��� ���� ���FD�C����� A�� �A�D	�

*9U���9UA,��>D�	��D�����E�	�F���������	CD��E���	����A�����	�����������F�E����

���DF	�E	��� �E� �DE�	�DE� ���� ��FD	(���� �����A��F���� +A�����F�� �D��A���

�B�E���	�DE�� ����F���E	�A��� DE	� ��F���� ��� ��		F�� �E� �����E��� ����

�����F�E����� <��� �D��C��� ���F���E	� A��� �E	���E��� �����A��F��� E@� �	� E9�

�DE	� ��F	���A��F���E	� ��F�A�E	��� ��E�� �E� �D��A�� ��F�E� ��� ��F�	DE�	��

�D���F�������B��	F�����FD	(���������DE	�����D��������F�A�E	��*R���@V@,��

4�E�� A��� A���DE����	�E���� �E���	�������F���E	�A���E	��C�F� A���D�F���� A���

�D��C������ ��FD	(����E@��E9��E���EA� ��� �DE	� F���A��� A����A�����F�A�E	���

*9�@,��=E���	CDAD����C����E�����������A����DEE�����DE	���F��AA��F����A���

�D��C��� ��� ��FD	(���E@��	� E9� �DE	� ��	��AA���E	�� �DE����F��� �D���� A���
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�A�����F�A�E	���� <�����F�������F�A�E������ A�� �����A�� ���%A�� �DFF�A�������

�DE��DE	�E���E���EED����=E�����	�� A�����FD	(���������A��F���	�A������EV�

D��E9@� � *@RL��9LO,��DE	��EE�E	����������E���� F���	���������EED��#α#

9QM��EED��� D�� <#FC��ED��#α#<#FC��ED���� .��� �����E���� �DE	�

F��DEE������F��E�� A��	�E����� ��F������������FD�C��������� �E	F��E���E��

�C��D�(	D��� ��E�� D��DE���	�DE� *��F� A�� �D��A���E	� D�� ���� �E	��DF��,��

�DEE���D���A��ED�����A��	�ED�C��D�(	D���*R,��=E�F���E�C���A�����FD	(����

E�� �D�����E	� ���� ���� �����E���� F���	���� E�� �DE	� ���� F��DEE��� ��F� A���

���FD�C����� �	� �DE�� EDE� �C��D�(	���� .�� �D��A�� ��	� �DC�F�E	� ����� A��

�DF	�� ��F�A�E��� ���� �D��C��� E9� ���� EBDE	� ���� ��� ��EED��#α#9QM� #

9QM��EED��� *@MA�� @RL,�� '��E� ��B�A� EB����	�� ���� ��� �DFF�A�	�DE� �E	F��

��FD	(�����	� ��	����B�E���	�DE���A�����F���	����������F�E	� AB���A���	�DE����

��FD	(���E9���E��A����E���	�DE���F�E��F������A�DE��F���D��A���%��	�F��������

4�� �A���� A�� ��FD	(��� E9� ��	� F�	FD���� ����E	��AA���E	� ��E�� A��� �D��C���

C����E����	�	F���F�F���E	���E��AB�E��FDEE���E	�*M@��RM��@VL��9L�,���

<��� �D��C��� ��� ��FD	(��� E@� DE	� �	�� ������� A��� �EE���� UL� ���D������ ���

�(E�FD����A�E��������D���E	��E��%�����F���	�������D����	������D��A���	�DE��

��	��	�	������ *�E�D�C	�A�������E�E��	�,� A�F����E	����F�	� �E� ���� *@RV��

RO,�� <��� �D��C��� ��DA���� ��� ���� �E���	�DE�� �DE	� A�� �A��� �D���E	�

C(��F�����������	�9���E������A��������E��A���(E	C�������A�������A��DE	�

�	�� �FD�D���� �D���� ���	��F�� ��� ��F�A�E���� <�� �F����F� ��E��� �B#*�

*���	�AE�	EA� �BEE	�AB��&� #���� *,�� ��	� �F���E	� �C�F� RU:� ���� �D��C���

��DA�����B�%����C���	������� �A��B���	��B�E���E���CFD�D�D������*+,C����,�

AD��A���� ��E�� ABD��FDE� �����A��F�� *��E,��	� �������������� ��FD	(���E@� *RO��

9�U��AR��ML,��3���F���E�����	��DFF�A��������A���C�ED	(���C(��F���������

A��F����	�E�����A���C��D�(	D����	������F����	����E���A����F�E�����F�A�E���

�C�F� A�� �D�F��� *RO,�� � .�� �C�ED	(��� C(��F�������� ���	#�	F�� ���� �E�

�����E�����F�A���	F�E��	��	�*����F��9,��

�
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������� 9G� 3	F�E�� 	��	�G� <B�	�F���E	� �B�E�� �DADE��� ��� ��� �����	�AB��

�FD�D����A���DF��E	�DE��B�E���A�����A������A������ADE����F��E������F����

�C�ED	(���C(��F���������4B��F���;�����B���*9UV,���

�

<�� ���DE����E�����D���� ���� �E���	�DE�� �E��������� D��*� *D�#��B�	D� 	-� �!��

���	A&��!��	� ��,����	�����F�	��E�@RUR���F�5�������	�B���*@U@,���A��B���	�

�B�E���E���A�����������DEE���D�����E���	���	��F�	F�E��F��	�DEE�A���� A��

�(E	C���� ��� �DA(����C�F���� ��	F������A��F��� �����F�E	� ��� A�� �����A�� �	��

��F	�����E	� ��� ��F��	�F�� C(��F�������� ���� ��DA�	��� <�� �C�ED	(���

C(��F�������� F���A	�� ��� A�� ��F�FD���	�DE� ��� �DA(����C�F����

��	F������A��F��������	��D������F�A���CFD�D�D����	�F���A����D��	�����E	�

��F�A����E��D��*���	�����F��E��A��������;�����B����*9UU,��DE	F�E	����E��

�E�� �DAA��	�DE� ��� �D��C��� ��� ��� �����	�AB�� ������� �B�E���	�DE��� ��B�A� (�

��F��	� �E�� �DFF�A�	�DE� �E	F�� �C�ED	(��� C(��F�������� �	� �F���E��� ���

��E�� D��*� �	� ���� A�� �D����	�E��� ���� ��E��� �B#*� *���	�AE�	EA� �

BEE	�AB��&� #���� *,� �	� D��*� �D	�E	��A���F��	� AB���F����DE� ��� �C�ED	(���

C(��F��������� $E�� �	���� F���E	��� *@OL,� �E������ ���� A�� �C�ED	(���

C(��F����������	��DF	���E	��DFF�A�������A���F���E��������E��D��*���E��

A��� �E���	�DE�� �F�E��F��� �� ��� �����	�AB�� �C�F� A��� ��	��E	�� EDE�
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����ED���F������ +A�����F�� �	����� DE	� �	�%A�	� ���� �DFF�A�	�DE�� �E	F��

��FD	(����	� �F���E���������E����B#*� �	� D��*�.� A��� F���A	�	�� �����F�E	�

���� A�� ��FD	(��� E@� D�� E9�� �DE	� ���� ��	�F��E�E	�� ��� ��F�A�E��� �A���

���DF	�E	�� ���� A��� ��E����B#*� �	� D��*� *9UU,�� 4�� �A���� AB�E�A(��� ���

'F����� ��� B��� *ML,� �E������ ���� A��� �D��C��� ��� ��FD	(��� E@� F���DE��%A���

�B�%���� C���	������ EB����F	��EE�E	� ���� ���� ������ �D��A����� �ADE����

*..�,�������AA�����DA�����B�E���	�DE��F����F�	D�F����	����%��	�F���������A��E�

��	� ��� ����� �D�F� A��� �D��C��� ��� ��FD	(��� �����A��F�� E9� ���� �DE	�

���	F�%����� ��F��� �A�����F�� ..��� .��� D%��F��	�DE�� 	��D��E�E	� ����

	F�E���F	��CDF�FDE	����������E����ABD��FDE���E�F���DE��%A�����A���(E	C����

��� �DA(����C�F���� �����A��F��� =E� �DE�����E���� A�� ��	�F��E�	�DE� ��� ..��

%�������F� A����	�F��E�	�DE����������E���	(����*3>,�*�E��D��A�����ADE�A�

���	�F��FD���F��A�����F��3>,����	��������DFF�A���A����F�A�E��������D��C���

����A����FD	(����

�

9� ��3�D���D�

4����F�E	�����C���E���DE	���	���������E������E����C�F���������	�AB���<��

	�F��� �B��C���E�� ��	� �	�A���� �D�F� A�� ��ED��E�	�DE� ��� �DA���A��� ��F�����

���A������� ��E�� AB��C���DE� ���� %��	�F���� ���� ��AA�A��� ��� ABC&	��� .���

�DA���A��� �D��E	� �E� F&A�� ����E	��A� ��E�� A�� �F����F�� �	���� ��� �FD�������

�E���	������ <��� �FD�F��	��� �B��C���DE� ���� $���D	FB���DAB��B�� �DE	�

��E�F�A���E	�����������F������F�E	��	(���������A��D�����%F�����.���DE	�����

�	F��	�F��� �FD	������� EDE� �A���AA��F��� �	� ��A���E	������ �DF��E	� ����

����E�������� A����F���������%��	�F��������DE	� A��������	���B���A�	�E�F� A���

�F(	CFD�(	����'��E�����A���9�	�F������A���	����%F�����D��E	�C�%�	��AA���E	�

�DE����F��� �D���� �(EDE(����� �A�� ���F���E	� �	F�� �����F�E�����G� ���%F����

�D�F� AB��C���DE�������AA�A����	���A���D�F� A�������E������ �DF���� ADF����� A��

�DE������DE��

�A���DE	��DF������������F�E	����D��#�E�	����<��������	(����������%F����A���

�A���F�E�DE	F����C�F���������	�AB���DE	�A��	(���@��	�A��	(���M��

•  �<��� ���%F������� 	(���@��DE	� A����������DEE����	��DE	��F���E	���C�F� A��

���DF�	�� ���� �E	�FD%��	�F���� *����F�� M,�� �A�� DE	� A�� �A��� �F�E��� ������	��
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�B��C���DE�� �A�� �DE	� ���A������ ��E�� A�� �DADE���	�DE� ���� 	F��	���

F����F�	D�F�� �	� �F�E��F��� <��F� F&A�� �� �A��F���E	� �	�� ���DE	F�� �D�F�

$E�!�DA�!AB� �	�A� ��� �D�F�� ���� �E���	�DE�� �F�E��F���� <��F� F&A�� �D�F� ���

�����	�AB�� �� �	�� ���A���E	� ���F�	� ��E�� �E��D��A����F�E� *9�R,�� .���

���%F�����DE	���F��	�F�������F� A��F���	�	������ A��F� A���F���������EED�����

<���D��#�E�	��F���DE��%A�����A�����������	�����A����DE��������F�����	���1$�

*9M�,��<B�E��	���	�DE������E���DF���DE��E	��%DA�	� A��������	���B��C���DE�

���A��%��	�F����.C�F�$���	�A��D�����C�F���������	�AB���AB���F����DE�����

���%F������� 	(���@���	��D���������E��C�ED��E�������F��	�DE�����C����

*	F�E��F��	�DE� D�� EDE� ��� ��E�� �D��E	� A�� �FD	��E�� �B��C���DE� ��ADE� A��

�C���,��=E�����	�� ������C���E��������E	���E�� ��F	��E��� ��	��	�DE����D�F�

�E�����	���A�	�F���D�F�A��%��	�F���������B�AA������DF���E	�A���C��D�(	D����

 �E���� A��F��(E	C������	����DF�������E��AB�F%F���F�E��F���	�F��F�������E��

A���	������F��C����E���AA�A����C��D�(	��F����

�

�

�

������� :G� 3	F��	�F�� ��%F�AA��F�� �D��F�E	� A�� ��F����� %��	�F��EE��4B��F���
+D���C�E����B���*9LV,���
�

•  �<����FD�F��	����������%F�������	(���M��DE	��D�E��%��E��DEE������A���DE	�

���A������ ��E�� AB��C���DE� ��� ��� �����	�AB�� �� �����F�E	�� 	(����

��AA�A��F���� ��F� �����A�� ���� ���	C�A����� �F�E��F�� �	� F����F�	D�F��� <��F�
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��	���	��E������	���E��DA(���	�������>&�*9MU,����������A�	��A��A����DE���A��

���%F�E��%���A�� ���� 	������C����E������� A��F� F����	��F� ��AA�A��F�� EB��

���� �	�� ���E	������ <��F� F&A�� �D���� ���	��F� ��� ��F�A�E��� F��	��

C(�D	C�	�������E���A�����F���D��A����B�E���	�DE��*�F�E��F�����A�DE��F�,��
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 37 
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�CFD�D�D�������D���A�������������E��%A�����AB�������A���A�E������

•  <���A�����'��D��F�E��A�����	�AAD�EF(������EC�%������F�AB=4> ��

•  <�� �A����� .� �E�A�	� A��� ���C�AD��DF�E����� F����	�E	��� �� AB������

�A���A�E������C�%�	��AA���E	��CFD�D�D��������

•  <�� �A����� 4� F��D�	��� ��F��� A�� ����F��	�DE� DF���E�A�� F��FD���� A���

D����AA�E������

��� D�EB���� EF�DD�6�E�C�B�2� ��	�� �DE�	�DEE�AA��� �A�%DF��� �E� @RUR� �	�

F���	��A����� �E� @RRA�� ��	� %����� *�,� ��F� A��� �FD�F��	��� �DE�	�DEE�AA��� ����

�EF(�����*��,���F�A������	F�������%�	F�	���F���F�E	��A�������EF(�����	�*���,�

��F� A��F� �D��DF	���E	� ��F� F���DF	� ���� �EC�%�	��F���.���E��E	�� A�� A���	��
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�����EF(������	��E���	�%A����F������F�E	���E	�%�D	��������F���A�����A��G�

A�����D��	�E���AB�������A���A�E�����D���E�DF��AB�����E�����
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�DA���A��F�� �������	����A���D����AA�E�������������F	��EE�E	���A���A�����

4��

•  <���FD����M�F��FD����A�����	�AAD#]#A��	����������A���A�����'��DE��F�E	�

A�� F����	�E��� �� A�� �����#	D	�A�	�� ���� β#A��	���E��� *��F%���E������

���C�AD��DF�E��� �	� ��E���AA�E��,� �����	�� A��� �DED%��	����� �	� �DE	�

�EC�%���� ��F� A��� ���E	�� �C�A�	��F�� *=4> ,� ����� ���� ��F� AB������

�A���A�E������

•  <���FD������F�����%A���D�E���B�E����F��E���B�EF(���������F�E�DE	F����
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2FK�������%�E���������DEE�����DEE�E	����������������E�����FD	�������

�����	������������E����E��A�D	����������A���	����DF������D���%A�����F�A��F�

����������A��������	�DE��G��E���(E	C��������F����E��A��	�%A����9���
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Tableau 2 : Classification des �-lactamases  d’après Bush-Jacoby-Medeiros (33)  

Classe 
moléculaire 

(Ambler) 

Groupes 
fonctionnels 
(Bush & al.) 

Type de �-lactamase 
et exemples représentatifs 

Bactéries 
impliquées 

Inhibition par 
acide 

clavulanique 

Inhibition 
par EDTA 

�-lactamines 
hydrolysées 

�-lactamines stables 

2a Pénicillinases Bactéries à 
Gram positif 

 
++ 

 
- 

Pénicillines sauf 
pénicillines M 

Pénicillines M,C1G, 
carbapénèmes 

 
 

2b 

� -lactamase à large spectre TEM-1 & 2, 
SHV-1 plasmidiques et chromosomiques 

 
Bactéries à 

Gram négatif 

 
++ 

 
- 

Amino-, carboxy- et 
uréido-pénicillines, 

C1G, C2G 

Céphamycines, C3G, 
moxalactam, 

carbapénèms, 
aztreonam 

 
 

2be 

� -lactamases à spectre élargi aux C3G et à 
l’aztreonam 

SHV-2 à 9, TEM-3 à 29, VEB-1, 
plasmidiques 

Entérobactéries, 
Pseudomonas 

aeruginosa 

 
++ 

 
- 

Idem 2b 
+ C3G et aztreonam 

Céphamycines, 
moxalactam, 

carbapénèmes 

 
 

2br 

� -lactamases à large spectre résistant à l’ac 
clavulanique 

TRI : dérivé TEM-30 à -41, plasmidiques 

 
Entérobactéries 

 
- 

 
- 
 

Idem 2b 
+ associations aux 

inhibiteurs de �-
lactamases 

 
Idem 2b 

 
2c 

Carbénicillases 
PSE-1, PSE-3, PSE-4 plasmidiques 

Bactéries à 
Gram négatif 

 
+ 

 
- 

 
Idem 2b 

 
Idem 2b 

 
 
 

2e 

Céphalosporinases chromosomiques 
inhibées par l’acide clavulanique 

- Cefuroximase Cum A (P.vulgaris), 
-  L2 (S.maltophilia) 

Bactéries à 
Gram négatif 

(surtout 
entérobactéries) 

 
 

++ 

 
 
- 

Amino-, carboxy- et 
uréido-pénicillines, 

C1G, C2G, certaines 
C3G 

Ceftazidime, 
céphamycines, 

aztreonam, 
carbapénèmes 

 
 
 

�-lactamases à 
sérine active 

 
 
 
 
 
 
 
 
 

Classe A 

 
 

2f 

Carbapénémases à site actif sérine et 
inhibées par l’acide clavulanique 

Ex : IMI-1, NMC-A, chromosomiques 

 
 

Entérobactéries 

 
 

+ 

 
 
- 

Idem 2b + aztreonam, 
carbapénèmes et 

certaines C3G 

 
 

Certaines C3G 
 
 

Classe C 

 
 

1 

Céphalosporinase 
AmpC chromosomiques (Entérobactéries*, 

Pseudomonas spp., Acinetobacter spp.) et 
plasmidiques 

(CMY, FOX, MOX, MIR-1…) 

 
Bactéries à 

Gram négatif 

 
 
- 

 
 
- 

 
Toutes les �-

lactamines sauf les 
carbapénèmes 

 
 

Carbapénèmes 

 
Classe D 

 
2d 

Oxacillinases 
OXA-1 à -20 plasmidiques et 

chromosomiques 

 
Bacilles à Gram 

négatif 

 
V 

 
- 

Idem 2b (+ parfois 
C3G, aztreonam ou 

carbapénème) 

 
Variable 

 
Pas de classe 

attribuée 

 
4 

Enzymes indéterminées 
Ex : enzymes chromosomiques de C. jejuni, 

C. cepacia… 

 
Espèces variées 

 
 
- 

 
- 
 

 
Variable 

 
Variable 

�–lactamases 
Zinc-

dépendances 
Classe B 

 
 

3 

Métallo-�-lactamases 
IMP-1/3 chromosomiques ou plasmidiques, 
enzymes chromosomiques de Aeromonas 
spp., Flavobacterium spp., S.maltophilia L1 

 
Bactéries à 

Gram négatif 

 
- 

 
++ 

Large profil de 
substrats dont les 

carbapénèmes 

 
Variable 

Inhibition : inhibiteur fort++, inhibiteur modéré+, négligeable -, V : variable 
* E. coli (bas niveau), E. cloacae, E. aerogenes, M. morganii, S. marcescens, H. alvei, P. stuartii, P. rettgeri 
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�����D�ββββ�F�EC�1�D�D�H�D-�EC����C�����A��	�B�

•  ��D� -��1�.��D� ��	�� ���F�	��� �C�F� A��� �E	�FD%��	�F���� *D�� /�����AA���

'<3=�0,��DE��F�E	�A��F����	�E����������C�AD��DF�E������M������E�F�	�DE�

*.M2,� *���D	������� ���	F���DE��� ���	�F�����,�� ��� ��������� �	� ��

AB�F	F�DE���T� �AA��� DE	� ���F��� ��� �D�F�� ���� �EE���� UL� ���	�� ��

AB�E	FD���	�DE� ��� �����DA���A��� �E� 	C�F����	������ =AA��� ��F���E	� ��� 9�

��F���� �B�EF(����� >=1� �	� 3"B� *>=1#@�� >=1#9� �	� 3"B#@,�� ���F�	���

������� A��� �EE���� OL�� ��F� ���� ��	�	�DE�� �DE�	��AA��� ���� DE	� ��F����

�B�A�F��F� A�� ����	F�� �BC(�FDA(���� 3"B#@� �DFF���DE�� �� �E� ��E�� ���

��E���AA�E���� �CFD�D�D������ ��� ��� �����	�AB��	F�E��D��� ��F� �E�

�A������T� �E� F���E�C�� ABDF���E�� ��� >=1@Q9� F��	�� �� ��� �D�F� �E�DEE����

+A��� ��� @RA� 	(���� ��� '<3=� >=1� �	� @�M� 	(���� 3"B� DE	� �	�� ���F�	��

*HHH�A�C�(�DF�Q�	�����QH�%	�C	�,��.���'<3=�����F	��EE�E	���A���A�����

�DA���A��F�� ��	��DE	���	��	������F�A��������E������E����B�E���(E�F����

��	�� �E� %D��CDE� ��� �C�����E�� �E	F�� AB������ �A���A�E����� �	� A��� .M2�

*@M9,��3��A��A��������(��E����	�A�����F%���E������DE	��	�%A������#�#����

���ABC(�FDA(�����F�A���'<3=��

•  ��D� ��	�� ��� C)-�� ��=��� �DE	� �B����F�	�DE� �A��� F���E	��� <��F�

��ED��E�	�DE�������D	����������	�A������A��F��D��D�F�C(�FDA(	������A���

���DF	�E	��E��F��A�����D	�������D���F����A������	F�������	�/�1�0���D�F�

1�E��C0� �E�����E	� A��F� �F����F� A���� �B��DA���E	�� >D�	��D���� ��F	��E��

	(�����D����.>?#1#@A�D��.>?#1#@R�DE	���DA�����F���E�C��	�E������

���F����	�E�����A�����	�F������*99,���A�����	���E��FDE�RL�	(���������DE	�

�A�������E�A��A��	�F��*�A��	�F�.>?#1#@��.>?#1#9��.>?#1#U��.>?#1#R��	�

.>?#1#9A,� *����F�� @9,� ��ADE� A��� ����A�F�	��� ��� A��F�� �����E����

�FD	�������� <��� �E�A(���� ��E�	������ DE	� �DE	F�� ���� A��� ��E���

�FD��E�	��F�� ����F	��EE�E	� ��� ��EF�� ��� ��DB�� �E	�FD%��	�F����

�B��DA���E	� 	F��� F�F�� �E� %��	�F�DAD���� ������A�� *99�� @9R,��  �E��� A��

�C(A��� .>?#1#9� ��F���� ��� A�� β−A��	������ E�	�F�AA�� ��� ��� BE�	DFB�B�

�ADF�� ���� A�� �C(A��� .>?#1#U� �FD���E	� ��� ��� #�	D#AB�B� *9LU,�� .�		��

���������F��	����A���E	���ABDF���E������FD����R�*@R9,��
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7���F�� @9�G�  F%F�� � +C(AD��E�	����� ��� A�� ����AA�� ���� .>?#1� *99�9ML,��
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tnpAIRL IR R

séquence d’insertion (IS)

tnpRres blatnpA

transposon non composite de type Tn3

tnpA transposase
R1 gène de résistance aux antibiotiques
res site de résolution interne
tnpR résolvase
bla gène de ββββ-lactamase
IR Inverted Repeat
IS Insertion Sequence

R1

transposon composite

IS IS

tnpAIRL IR R

séquence d’insertion (IS)

tnpRres blatnpA

transposon non composite de type Tn3

tnpRres blatnpA

transposon non composite de type Tn3

tnpA transposase
R1 gène de résistance aux antibiotiques
res site de résolution interne
tnpR résolvase
bla gène de ββββ-lactamase
IR Inverted Repeat
IS Insertion Sequence

R1

transposon composite

IS ISR1

transposon composite

IS IS
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Tableau 3 : plasmides porteurs des nouvelles beta-lcatamases retrouvés chez K. pneumoniae. 

Beta-lactamase Inc  Autres espèces concernées 

CTX-M-1  N  E. coli, 
 FII   
CTX-M-3 (ArmA)  L/M  E. coli, E. cloacae, C. freundii, K. oxytoca, P. mirabilis, S. enterica, S. flexneri, S. marcescens  
CTX-M-9  HI2  E. coli, E. cloacae, S. enterica 
 P  E. coli,  
 I1  E. coli  
 FII, FIB  E. coli, 
CTX-M-15, TEM-1, AAC(6')-IB-cr FII, FIA, FIB  E. coli, S. sonnei, S. enterica [Enteritidis]  
 NT  E. coli 
CTX-M-17  ColE   
CTX-M-62  NT   
SHV-5  L/M  K. oxytoca, E. coli, E. cloacae  
 FII, FIB  E. coli,  
SHV-12  I1   
 K   
 FII, FIB  E. coli, E. aerogenes, S. marcescens  
 FIIKd   
 ColE  S. enterica [Typhimurium]  
CMY-8 (CTX-M-3)  HI2   
 ColE   
KPC-2  N   
 ColE   
IMP-4 QnrB2, QnrB-4, ArmA L/M  E. coli, K. oxytoca, C. freundii, E. cloacae, C. amalonaticus, S. marcescens, M. morganii  
 A/C  E. coli, C. koseri, E. cloacae, K. oxytoca, S. marcescens  
 NT   
VIM-1  N  E. coli 
 I1  E. coli  
 NT   
VIM-4 (CMY-4)  A/C  E. cloacae 
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Tableau 4 
nom 

N° accession 
Taille 
(pb) 

Groupe 
d’incompatibilité 

Systèmes 
d’addiction 

Systèmes 
de partition 

Résistance aux antibiotiques 
et aux métaux lourds 

Séquences d’insertion (n) gènes de virulence 
 

pKP187 CP000965 187922 IncFIB VagCD sopAB arsenical resistance, 
tellurite resistance 

IS3 (4), IS110, IS91, 
IS903, IS30 (2) 

 Fouts,D.E., et al. PLoS Genet. 4 (7), 
E1000141 (2008) 

pK2044 AP006726 224152 IncFIB, 
IncRepLVPK 

VagCD parAB, 
sopABC 

Silver resistance, tellurite resistance, 
copper resistance 

IS102 (3), IS1 (3), 
ISEc27 (2), IS100, IS903 

rmpA, IroN Wu,K.M., et al. J. Bacteriol. 2009 191 (14) 
, 4492-501 (2009) 

pLVPK AY378100 219385 IncFIB, 
IncRepLVPK 

VagCD parAB, 
sopAB 

tellurite resistance IS903, IS1,(2) IS2 rmpA, rmpA2, 
IutC, IroN 

Chen,Y.T., et al. Gene. 2004 Aug 4;337:189-98. 

pKPN3 CP000648 175879 IncFIB, IncFII 
like, incFIA 

 sopAB arsenical resistance IS903 (2), IS5 (2)  McClelland,M., et al. Direct Submission 

pKF3-70 FJ494913 70057 IncFII  stbAB CTX-M-14 ISEcp1  Yi,H., et al. PLoS ONE 2010; 5 (1) 
, E8601 

p1658/97 AF550679 125491 IncFII like pemIK, 
Hok-Sok 
, vagCD 

sopABC SHV-5, aac, aad, int, sul1 IS26 (4), IS1 (5), IS21 HlyC, HlyF Zienkiewicz M, et al. AAC 2007; 51:1 164-71. 

pKP048 FJ628167 151188 IncFII like vagCD parAB, 
stbAB 

KPC-2, mph2, armA, sul1, DHA-1, 
qnrB4, mercury resistance 

IS26 (3), ISEc29, ISEc28, 
ISCR1, IS4321, IS1 (3), IS66 

 Jiang,Y., et al. AAC 2010; 54: 3967-9 

pKPN4 CP000649 107576 IncFII like vagCD parAB, 
stbAB 

SHV-12, aac(6'), aadA, TEM-1, 
mercury resistance 

IS26 (3)  McClelland,M., et al. Direct Submission 

pKpQIL GU595196 113637 IncFII like vagCD parAB, 
StbAB 

KPC-3, OXA-9, TEM-1   Leavitt,A., et al. AAC 2010; 54: 4493-6 

pKF3-140 FJ876827 147416 incFII like, 
IncFIB, 

pemKI, ccdAB, 
phd/doc, 

 dfr, aadA, MphR, aph3', 
tetA, aac 

IS10, IS1, InsBcp5, 
IS5, IS1 

 Zhao,F., et al. PLoS ONE 2010; 5 (4), 
E10141 

pK29 EF382672 269674 IncHI2 hipBA, 
relEB 

parAB 
mucAB 

CTX-M-3, CMY-8, aph3, aadA2, aac3, 
CatB2, Tet, Sul1,tellurite resistance, 

arsenical resistance 

IS26 (4), IS30, IS903 (2), 
IS5, ISCps5, IS150, 

IS1,  ISEcp1 (2), IS630 

 Chen,Y.-T., Wu,K.-M., Liao,T.-L., 
Shiau,Y.-R., Yan,J.-J., Su,I.-J., 
Lauderdale,T.-L. and Tsai,S.-F. 

AAC 2007; 51: 3004-7 

pCTXM360 EU938349 68018 IncL/M pemKI parAB CTX-M-3, TEM-1   Zhu WH, et al. AAC 2009; 53: 5291-3 

pKlebpneu12 FJ223605 75617 IncN  stbAB, int, dfrA14, Sul2, aph3', TEM-1 OXA-9, 
aadA3, aac6', KPC-3,arsenical resistance 

IS26, IS4  Gootz,T.D., et al AAC 2009;53, 1998-2004 

pKlebpneu15 FJ223607 23753 IncN relE/stbE     Gootz,T.D., et al. AAC 2009; 53: 1998-2004 

pKlebpneu9 FJ223607 70655 IncN  stbAB, 2 KPC-2, aac6' IS4 (4), ISEc8 (2)  Gootz,T.D., et al. AAC 2009; 53: 1998-2004 

pKOX105 HM126016 54641 IncN  stbAB aacA4, VIM-1, QnrS1, SHV-12 
dfrA14 

IS26 (3), IS6100  Carattoli A, et al. JAC 2010;65: 2070-5. 

pKP96 EU195449 67850 IncN  stbAB aac(6')-Ib-cr, 2 sul1, qnrA1, fosA 
, CTX-M-24, tetA 

ISCR1, IS6100, 
IS1, 2 IS10, ISEcp1, IS903 

 Shen,P., et al. JAC 2008; 62: 1252-6 

pNL194 GU585907 79307 IncN  stbAB dfrA12, aadA2, 2 sul1, AphA1, 2 aadA1, 
2 dfrA1, strA, aacA7,VIM-1, 

mercury resistance 

IS6100 (2), IS26 (4), 
IS1, IS1333, IS903, IS1222 

 Miriagou,V., et al. AAC 2010; 54: 4497-502 

pKPN5 CP000650 88582 IncR  parAB, 
stbAB 

Aph(3''), 2 sul, Aph(3'), dfr, cmlA1, 
ant, cmlA2, tetD, TEM-1 

  McClelland,M., et al. Direct Submission 

pK245 DQ449578 98264 ND  parAB 
mucAB, 

SHV-2, qnr-S aac-2, sul2, TetD, catA2, 
dfrA14, int, TEM 

IS26 (10), IS1222, 
IS6100, IS15 

 Chen,Y.T., et al. AAC 2006; 50 (11), 3861-6 

pKF3-94 FJ876826 94219 ND ccdAB,  TEM-1, CTX-M-15   Zhao,F., et al. PLoS ONE 2010; 5 (4), 
E10141 (2010) 

pKP91 CP000966 91096 ND ccdAB parAB  IS110 (4), 
IS903, IS6, IS3 
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�D��C�� �� �	�� F��A����� ����D(�E� ��� +.C���A	��A��� �DE	�E�E	� 	FD��� ��E�A�

�B��DF���� ��F��		�E	� ��� ��	��	�F� A��� �EF(���� ��� 	(���  ��.��� P? ��
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<B�E�A(��� ���� �D��C��� ��F� ��A	�AD���� �����E��� 	(��E�� *1<3>,� *UA,� ��
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�
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.D���F���DE� ��ED	(������ ���
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*>,� EDE� F�A���� ��F� A�� 	��CE�����
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	(��E�� ��� .�F�		DA�� *MU,� EB�� ���� ��F���� �B���E	����F� A�� �FD����

�B�E�D���	�%�A�	������A��������ADF��������E��A���D��C����F�E	�A����A�(�����	�

�E���	F���A�����������F	�E�E	�����FD�����E�7�����

>D�	��D���� A�������ED�����D��A�	�����A��������DF	�E	�F�BE+.#9��	�F�B3"B#@9�

���� ED��� ��DE�� F��A���� F������E	� �DE	F�� ��B�A� ����F	��E	� ��� �FD����

�B�E�D���	�%�A�	���E�?�*�D�F��F	��A��5j�A,��

�

�
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RP4 Kp    p2 

126 kb 
85 kb 
54 kb 
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•  <����E���������E��%�A�	������	��	����������	������F���D���AADEE����

F��	�A� �	� A�� E������	�� ��� �DF��F� A�� ��F�DEE�A� �E��F���F� �	� ����

A�%DF�	D�F�����A��ED	�DE�����F�A�����E	����%DEE�����A�	����$E������

��	CD�����D�F������E	�F�A����E��%�A�	������	��	����F��	�����F�	����F�

�(�	���	������E	��E��������E���A	�F�������F�A�����E	����F����E�

�EF��C������E	� �F��A�%A�� ��E�� �E� %D��AADE� ��A��	���� �A� �B���	�

����E��E	��B�E����	CD����A���AD�F����	��A���ADE������

•  <�� �������A	�� ��� ��		F�� �E� �����E��� A�� �FD���	�DE� ��� E+.� ��F�

��F	��E��� �D��C��� ��F� A�� E������ �B���F����DE� ��� A�� F����	�E��� ��	�

��F��%A��� <B�F	���E���� �� �	�� �FD�D��� �D���� �	�E	� A���DA���A�� A��

�A��� ����	��� *A,�� ����E��E	�� �C�F� ���FEA���B� ����� �B��	F���

����E������ ��� F����	�E��� �� AB�F	���E����� �E� ��F	���A��F�

AB����F���%�A�	��������E	��B��D�	�F��

•  <��� 	��	�� �C�ED	(������� �DE	� �E������� �������ED�	�������� ���A�� A��

%�DAD�����DA���A��F����F��	��B���E	����F������DDE��^F��A������E�����

���F����	�E����

•  <B���F��E��� ��� �A��� �E� �A��� �F����E	�� ��� �D��C��� ��� ���

�����	�AB�� �FD���	F����� ��� �A�����F�� β#A��	������� �E� ��E�F�A�

���D������ �� ���� F����	�E���� �� �B��	F��� ����AA��� �B�E	�%�D	�������

*�A�DFD���EDADE������ED��������D	F��D��FDA�,��DE���	����E����F�	�%A��

��������	C�F����	�������

�

<��� �������A	��� ����ED�	������ �	� 	C�F����	������� A�� ED�%F�� ���DF	�E	� ���

��	��E	���(�E	��	��CD���	�A�������E������FDE����DEE�������DF	���F���A�E���

�����F%���E��������ED��������E	��DE���	��������9LL������		F���E�Z��F��

A�������F����BC(���E���F���E	������C�F�	D�����	��E	����E�E	����AB�	F�E��F�

*�����	�����	��F����	�DE�����	(���/��DE	��	�0���AB�������DE,���

<�� �D��C�� F���DE��%A�� ��� AB��������� ����F	�E��	� ��� �ADE�� 3>9AU�

F���DE��%A���B����������E���F�8A������=	�	�#$E�����E�2F�����	��B��	F����(��

�B=�FD�������1D(�E�PF��E	���E� ��F��������3�����	��E�.C�E��*@��M���@�@��

@A@�@AM�� @A��� @VV�� 9A@�� @VV,�� .D���� �D�F� A�� �A���F	� ���� �D��C���
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4�E����		����F	������	F����A����	��F���E	���AB�	����������E��������F�A�E���

�B�E���DAA��	�DE����VM��D��C��������������	�AB����A	�F����	�E	�����DA����

��� �F�A�����E	�� �A�E������ F�����AA��� �E	F�� @RUV� �	� 9LLR�� .��� �D��C���
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�A��	FD�CDF�����E��C������A��,��

�,B�5�EC�6����E�CC���C�����C��C������E3��E3���"�

•  <�����E��������F�A�E����

•  <���F���E����B�E�6AD	������	CD��E���	��*"+�,��

•  <���F���E����B�A���E	������DE������DE��	��B�E	��F�	�DE�*�.=E�@,��

�

3�F�A���VM��D��C����	�������G�

•  �U��	���E	� �FD���	F����� �B�E��β#A��	������ �� ����	F�� �A�F��� *'<3=,��
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�
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E@��
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•  B��/�� ��	���	��F� ��� AB���F����DE� ��� F���ADE� ��� AB�AA�E	D�E��� 	F���

�F����E	���E��A����D��C���F���DE��%A����B�%����C���	������

•  ?AD�����D��E	�A���FD	��E��B�F'@�����F	�E�E	�����(�	����������F�	�DE�

���	(����B��

<���F���E����B�E��.=E�@�*����F��@,�����F�	���F�*�A;,�����	���E�A(������F�
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����� ���� �AD��� �	� �E�� �D��C�� �DF	��	� A�� ��E�� �AD�������� ���� ��� - �*���
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�AD���T�	D�	��������D��C����DF	���E	����A���E	�A����E��������	��D�@��9R�
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�D��C��� �	���E	� E���	����� �D�F� A�� �F����F�� +.C� �	� �D��	����� �D�F� A��

���������� 5D��� �DE����FDE�� �D�	� �D���� <�E� ><� ��� B��� ���� ED�� �D��C���
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ABBE����	�@L����E���������ABBE����

$E�� ���� �D��C��� �	������� *3@,� ��� ��FD	(��� E@�� �DF	��	� ���� ��E���

���A������ ��E�� A�� ��F�A�E��� *������ �D�@�� I��,� ����� ���� �B6AD	� ���
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+�F��� A���V��D��C���F���DE��%A����B�����������ED�����DE��F�	FD�����D�F�

M��B�E	F���AA���*39��3@M��3@�,��E�6AD	������	CD��E���	��*MQV���M:,����D����
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�� �E� �(�	���� ��� ���F�	�DE� ��� 	(��� �B�� +�F��� ���� M� �D��C���� 9� �DE	�

�FD���	F��������β#A��	���������	(���B�1��	�AB��	F���B�E�����C�AD��DF�E���

���	(��� ..#@��

5D��� EB��DE�� F�	FD���� ����E� A��E� �E	F�� A�� �F���E��� ��� AB�A&	� ���

��	CD��E���	����.=�����	�A��	(������β#A��	�������	����F��A��DE��DF	��F����

������E������F����	�E����

4�E��A��A�		�F�	�F���������	�����DE	�F��C�F�C��AB6AD	������	CD��E���	����E��

�����DAA��	�DE�������������	�AB���4B�E����F	�<�E�><����B��������DE	��	�����

�9� �D��C��� ������� �B�%���� C���	������ �	� M9� ������� ��� �F�A�����E	��

�A�E������ ��	F���� �	� �B��	F�� ��F	� ED�F�F�� ��� B��*@�O,�� ���� DE	� �	����� M��

�D��C��� ������� ��� �F�A�����E	�� �A�E������ E�� �FD��E�E	� ���� �B�%����

C���	������� 5D��� �D��DE�� �D���F�F� ED�� F���A	�	�� ����� ���� �D��C���

�A�E�������CDF���%����C���	�������<���F���A�E�������6AD	�������	CD��E���	��

��	� �A��� ���DF	�E	�� ��E�� ED	F�� �DAA��	�DE�� �9:� *M9QVM,�� ���� ��AA��� ���

ED�F�F�� ��� B��� �	� ��� <�E� ><� ��� B���� F�����	�����E	� @V:� *OQM�,� �	� @A:�

*AQM9,�� 5D	F�� �DAA��	�DE� �DE��FE�� ���� �D��C��� ��A	�F����	�E	���� �E�

F���E�C��� ED��� E�� �DEE����DE�� ���� A�� ��E��%�A�	�� ���� �D��C��� ���� �����

��	F����	������5��E�D�E���ED����D��DE������F��F�����ED	F���DAA��	�DE����

�D��C�����A	�F����	�E	���C�%�F��������ADE�������F���F�A�E	����A���	���ED	�F�

���� ��E�� A�� �DAA��	�DE� �B�%���� C���	������ ��� <�E� ><� ��� B���� *���A����E	�

C�%�	��AA���E	� ���� �D��C��� ��� �C�ED	(��� �������,�� A�� �F���A�E��� �B6AD	�

�����	CD��E���	����	�	F����A������RL:�*MUQ�9,���

5D������DE	FDE���DE���E�� �DF	���F���A�E��������	� �A&	������	CD��E���	��

������E������		���DAA��	�DE��5D������DE	FDE������������	� �A&	���	� �E	��F��

��F� A�� �CFD�D�D��� �C�F� 9L� �D��C��� ��F� A��� MM� ���� A�� �D������� �A� ED���

F��	�� �� �DE	F�F� ���� ��	� �A&	� ���	� ��F	��� �B�E� �.=� ��F� �E�� +.C� E��C���

�DE	F�E	� ��B�A� ����	�� �E�� �DF��� ��F��A��F�� ��� ��	� �A&	� ��� ��	CD��E���	���

4�E���E����DE�� 	������ �A� ����F��	��DE	F�F�������	� �A&	���	� �DE����	���D��

����%A�� ����D%�A���F� �E� �A������� ��� F����	�E����D%�A���%A�� �	� ���D�F���

��� �(�	���� ��� 	F�E���F	� �DE����	��� *9UL,�� 4�E�� ED	F�� ��	��	�DE� �A� ��F��	�

�F���F�%A��������DE	F�F���F��	���E	�A��������	�����	F�E���F	������	��A&	��



 111 

������� 8�G� F��F���E	�	�DE� ��C���	����� ��� AB�.=� ��� ��� �����	�AB��� <��� �A��C��� ED�F��� �E�����E	� A��� ��DF����

�	�A������

 

 

5’ 

          
 DR 

Int     ybtS      ybtX       ybtQ    ybtP      ybtA                  irp2                                                                      irp1                                                      ybtU      y btT            ybtE 

 

3’ 

  

 
 

Région 5’ 

Région moyenne 

vir -B1-R virB1 -F  

virB 1-F 

HPI3’-

Orf3-

Primers utilisés 
pour ??l’étude 

Orf16-F 

 Région 3’ 
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���F����8G�3����E����D���F���F��������E�	C����	��(��
Primer  DNA sequence (5’�3’) Target Reference 
magA2_for 
magA2_rev 

5’- ATCTTTTCCTTGGTGCTTCA -3’ 
5’- CAATAACTACACTTTCCGTAT -3’ 

Capsular serotype K1 and 
hypermucoviscosity phenotype 

This study 

rmpA_for 
rpmA_rev 

5’-CATAAGAGTATTGGTTGACAG3’ 
5’- GGTTTACAATTCGGCTAAC -3’ 

Regulator of mucoid phenotype 
A 

This study 

kfu_for 
Kfu_rev 

5’- AGAACCTTCCTCGCTGAACA -3’ 
5’- ATAGTAGGCGAGCACCGAGA -3’ 

Iron transport and 
phosphotranferase function 

This study 

entB_for 
entB_rev 

5’- CGCCCAGCCGAAAGAGCAGA -3’ 
5’- CATCGGCACCGAATCCAGAC -3’ 

Siderophore This study 

allS2_for 
allS2_rev 

5’- TCAAGAGCAGCGAAAAACT -3’ 
5’- CCAATCGCCAGGGAGAAGTC -3’ 

Allantoin metabolism This study 

ybtS_for 
ybtS_rev 

5’- GACGGAAACAGCACGGTAAA -3’ 
5’- GAGCATAATAAGGCGAAAGA -3’ 

Siderophore  This study 

mrKDcf2_for 
mrKDcf2_rev 

5’- CCACCAACTATTCCCTCGAA -3’ 
5’- ATGGAACCCACATCGACATT -3’ 

Adhesine type 3 fimbriae 
 

This study 

iroN_for 
iroN_rev 
iroD-for 
iroD rev 

5�- GCATAGGCGGATACGAACAT-3’ 
5’- CACAGGGCAATTGCTTACCT -3’ 
5�-GTCCGGCGGTAACTTCAGCC-3� 
5�-TCAGAATGATGCGGTGACAC-3� 

Catecholate-type siderophore 
 
Catecholate-type siderophore 
 

This study 
 
159 

k2A_for 
k2A_rev 

5’- CCATGGTGGTCGATTAG -3’ 
5’- TGGTAGCCATATCCCTTTGG -3’ 

K2 capsule-associated gene 256 

K1 5’- GGTGCTCTTTACATCATTGC-3’ 
5’- GCAATGGCCATTTGCGTTAG- 3’ 

K1 capsule assosciated gene 256 

virB1-F 
virB1-R 

5�-ATGCTTTCCACCACAGC-3� 
5�-TTATTCCTCCTCCTCAC-3� 

Type IV secretion system 159 

fyuA-F 
fyuA-R 

 5’- ATGAAAATGACACGGCT -3’ 
5’- TCAGAAGAAATCAATTC -3’ 
 

Membrane receptor of the 
yersiniabactin 

159 

HPI 3�-F 
virB1-F inverse 

5�-CTGCGGTAAATAAATGACG-3� 
5�-GCTGTGGTGGAAAGCAT-3� 

Connection of 5� and 3� regions 159. 

virB1-F inverse 
orf16-F 

5�-GCTGTGGTGGAAAGCAT-3 
5�-AATGTTCTCTGCGCATGG-3� 

Right junction of middle region 159 

asn1-F 
asn1-R 

5�-GTAGACGTGAGAATGGCCTG-3� 
5�-GACAGGCTGTTTTCAGCATC-3� 

ICE integration site analysis 159 

Asn2-F 
Asn2-R 

5�-CTGGGAGTATGATGCACTGG-3� 
5�-GGTTAATGATCGGCCATTGC-3� 

ICE integration site analysis 159 

Asn4-F 
Asn4-R 

5�-GTCGCTGTCGTGGACTTTAC-3� 
5�-AGTGATCCTGATGTCGCTGG-3� 

ICE integration site analysis 159 

Asn3-F 5�-AAGATACGACTCCACACG-3� ICE integration site analysis 159 
ybtS-R inverse 5�-GCTGTGGTGGAAAGCAT-3� ICE integration site analysis 159 
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���F����9G�.C�F��	�F��	����D��	C��MM��	F��E��C�F%D�F�E���AD����E��Q�DF�- �*�

��������
	AB����CD����E��
���C�

Geographical     
origin 

Date of       
isolation 

Acquired ββββ-lactamases Replicon type          
entB  F���� ��D�� ���� sérotype  ������ ��	A�

���� ����� France 2002 CTX-M-15, DHA-1, OXA-1 N, L/M, FII, FIIk + + - -   �� ��

��� ����� Tunisia 1999 ACC-1, TEM-1 A/C + + - -   �� ��

���� ����� France 2006 SHV-2a FIIk + + - -   �� ��

���� ����� France 2006 DHA-1 L/M + + - -   �� ��

��� ����� Sueden 1998 SHV-5, CMY-4, TEM-1 A/C + - + + K1 �� ��

���� ����� Tunisia 2004 ACC-1, TEM-1 A/C, Zk + + - -   �� ��

���� ����� India 2004 GES-9 R, U + + - +   �� ��

���� ����� France 2003 TEM-3 A/C, Zk + + - +   �� ��

���� ����� France 2006 TEM-3 A/C, FIIk, Zk + + - -   �� ��

���� ����� Algeria 2004 CTX-M-15, TEM-1  L/M, FIIk + + - -   �� ��

���� ����� Algeria 2005 CTX-M15, TEM-1 L/M, I + + - -   �� ��

���� ����� Tunisia 2005 CTX-M-15, CMY-4, VIM-4, TEM-1 A/C, FIIk, R + + - +   �� ��

���� ����� Mali 2002 CTX-M-15, SHV-2a, TEM-1, OXA-1 L/M, FII, V + + - -   �� ��

���� ����� France 2002 DHA-1, OXA-1 FIIk, R + - - -   �� ��

���� ����� France 1999 DHA-1 A/C + + - -   �� ��

���� ����� France 2004 SHV-5 A/C + + - -   �� ��

���� ����� Algeria 2005 CTX-M-3, TEM-1 L/M, HI1, HI2 + + - -   �� ��

���� ����� Tunisia 2000 SHV-12 FIIk + + - -   �� ��

���� ����� France 2004 SHV-5 A/C, R + + - -   �� ��

���� ����� France 2005 SHV-4 A/C, FIIk + + - -   �� ��

���� ����� France 2007 SHV-2a HI1, HI2, FIIk + + -     �� ��

��� ����E �� Italy 1994 FOX-3 A/C, FIIk + + - +   �� ��

���� ����E �� Greece 2003 VIM-1, SHV-5 A/C, FIIk + + - + K2 �� ��

���� ����E �� France 2004 CTX-M-3 L/M, FII, R + + - -   �� ��

���� ����E �� France 2001 CTX-M-14 N  + + - -   �� ��

���� ����E �� France 2005 CMT, TEM-1 FIIk, R + + - -   �� ��

���� ����E �� France 2005 CTX-M-3 A/C, Zk, N + + - -   �� ��

���� ����E �� France 2002 DHA-1 FIIk + + - -   �� ��

���� ����E �� France 2005 CTX-M-3 N + + - -   �� ��

���� ����E �� France 2008 SHV-2 FIIk + + - +   �� ��

���� ����E �� France 2007 CTX-M-15, OXA-1 FII + + - -   �� ��

���� ����E �� France 2008 DHA-1, TEM-1 L/M, N, V + + - -   �� ��

���� ����E �� Niger 2009 CTX-M-15, TEM-1, OXA-1 FIIk, V + + - +   �� ��

 AA��	F��E��H�F��E���	�����DF�AD	6��B��/��E���D��	�����DF�������39��3@���3@M�F���DE��%A��D��D�	%F��I��
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 ��F�E�C�B���7;�

��-F�EB�D�����C3��������EC�B��D)DC�1D����&���AE���D��F�B��FED��

D�DE�-C��F��B����D�DC��C�CB���B���D-�EC��1�E�-3�FBD-B���D����LB��

E����-���1D�

4D��E�����4��F����5���%(�E�����#.C�IC�E���3�E�F�E��"��F	�%�����4�A�C�E��

2�E��	���.CF��	��E�3�E��A�E��.�FDA�E��4�AA�EE����-�A���"�(��C��.C�FAD		��

B�F��	��-��E#.A�����+�	�	���2��AA����� FA�	��

3D������
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 ��E�����������D��F�E�F��A�������E���������A��������E��AB���F��E����	�

A���������E�	�DE�����F����	�E�����	�A��F���������C�F���������	�AB���ED���

��DE�� �E	F��F��� AB�E�A(��� ���� ����DF	�� ��E�	������ �F���E	�� �C�F� ��		��

��������
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�

<����A���E	����E�	�������D%�A�����FK����� A��F�������	��������	�F���	����

�D%�A���	�DE�����F����E	���B 45���D��E	��E�F&A�������F���E��A���������DE�

������E������F����	�E��������E	�%�D	��������A�����	�������	(�����B�A���E	��

��E�	�������D%�A��������F�E	��G������������F��		�E	�A��	F�E���F	������E���

�E	F�� �����F�E	��� �DA���A��� �B 45� �	� ����� ���� ��F��		�E	� A�� 	F�E���F	�

�B�E�DF��	�DE����E�	�������B�E����AA�A�����E����	F���<���F����F����	��DF���

�DFF���DE�� ���� �A���E	�� ��E�	�������D%�A����� ��� �D�F�� ��� F���	�DE�� ���

F��D�%�E���DE� *�����E���� �B�E��F	�DE�� 	F�E��D�DE�� �	� �����		��� ����

�E	��FDE�,� *@ML,�� <�� ��������� ��	��DF��� �D��F�E�� A��� �A��������

�DE����	���� �	� �D%�A���%A��� �	� A��� �A���E	�� �E	��F�	���� �DE����	����

*�E	��F�	����.DE����	����=A���E	����.=,�*9�O��9VR��9UL,��

<��� �A�������� *D�� F��A��DE�,� �DE	� ���� �A���E	�� ��E�	������ ��	F�#

�CFD�D�D������� �DE	� A�� F��A���	�DE� ��	� ��	DED���� �A�� �����E	� �	F��

	F�E����� �B�E�� ��AA�A�� ���E����	F�������E��F��CDF�FDE	�A�� �	� E���DF	�E	�

���������E����E�����E��%A�������DE�	�DEE���E	����A����AA�A�#C&	���

<����A��������F��F���E	�E	�A����A���E	���A�����A���������E�	�DEG��B��	���F�

��������F��D��E	�A���	F�E���F	����E�	�������	�������	�	F���A���D��E	��E�F&A��

�����F���E�� AB��DA�	�DE�������������� �A�� �DE	� ���A�������� A�� �D�����E�� A��

�������E�	�DE�������E������F����	�E����������E��������F�A�E��������������

�����E���D��E	������DE�	�DE����	�%DA����������F������

<�� �����ED�����D��A�	������A�������� ��	���������E	� A���D(�E� A���A���

�F����� �D�F� A��� ��F��	�F���F� �	� ��F��	� �BD%	�E�F� ���� �E�DF��	�DE��

�F��������� ��F� A��F� ����F��	�� �	� A��F�� �DE�	�DE�� ����E	��AA��� *F��A���	�DE��

�DE	FDA�� ���E	��E�� 	F�E���F	,�� <��� �FD�F��� 	��CEDAD������� ���F���E	�

��F��		F�����E���E����E�F��FD�C����������D��F����ED�%F�����������E������

+D�F� AB�E�	�E	�� �E�� ���� ��	CD���� A�F����E	� �	�A������ �D�F� A��F�

��F��	�F���	�DE�F��D�����F� A��ED	�DE��B�E�D���	�%�A�	���4�����A������������

�DF	�E	�A�������F��A��DE�E�������E	��D����	�F������E��F���	�%A����E��A��

�����%��	�F���G�����C�ED��E����	�AB�E�D���	�%�A�	���A�����������.B��	���F�

��		�� %���� ��B�� �	�� �A�%DF��� A�� �A��������	�DE� ���� F��A��DE�� ������� A���

�EE����VL�T� �����FD������B�E�D���	�%�A�	�� *�E�,� DE	� �	�� F���F	DF�����$E��
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��	CD�DAD������F�+.C�*+.C#F��A��DE#	(��E��+C>1,����	������AD�����*MU��

@L9��9OA,���E�	��A���E	���AA��F��D���	���F�@U��D��A����B��DF�����(�E	��D�F�

��%A�������F�E	��������E������%A�E	�A��F��A���	�DE�*	DA?���FD	��E���C��,���DE�

�DE	F&A�� *C5 � �EC�%�	��F�� �	�FDE�,� D�� A��� �(�	����� ��� ��F	�	�DE� *�BD*�

�BD�,���

 �	��AA���E	��9V��FD������E����DE	������E�7�*7�����B��,��	�	FD����E��*�@���γ��

�9,��DE	�F���F	DF�����4��ED���AA�����DF��������F���E	����ED�������	(�����

DE	��	��F������E	��E	FD���	�����F������A���E�C�D���E�$�*@L9,���A��E���	�

��� ����� �D�F� ���� �D��� 	(���� �A��� ������������ �B��������� �D���� A��

�FD����7��I�*9OA,��

$E��F�����F���E	���D���A��A����DEE�����D�F�A����E	�FD%��	�F����*�L,��

�

5D�����DE���	�A���� ��		����	CD����D�F� A����F��	�F���	�DE��B�E���DAA��	�DE�

���VR��D��C��������������	�AB�� ��DA�����E	F��@RUR��	�9L@L�����F���DE��

��D�F��C������ ��F���� �	�� F��F���E	�	����� ��������E������ ��� F����	�E���

���� .M2� �	QD�� ���� ��F%���E����� *E�#C,��  ��E� ��� ��	�F��E�F� �B�A� ����	��

����F��A��DE��F�����E	���C�F���		����������ED�����DE�����A���E	����A�����

A��+C>1����E���DAA��	�DE����MR��D��C��������������	�AB������C�ED	(���

��������*F����	�E	����E������E	�������E���AA�E��,�*E�#3,��

@�M�F��A��DE��DE	��	����	��	�����E�� A���DAA��	�DE����E�#C�*@#���A��������

��F��D��C����D(�EE��@�RU,��+D�F����A���E	�O��D��C��������E�F��A��DE�EB��

��� �	F�� ��	��	��G� ���� �D��C��� �FD�������E	� A��� �EF(���� 4" #@�� 3"B#���

.>?#1#@A��.>?#1#R��E+.#9��	�P? #�U,�*>�%A��3@,��<���F��A��DE��7���*7���

�	� 7��I,� �DE	� A��� �A��� �F����E	�� *�OQVR� �D��C���� AU�99:,�T� �A��

�D��F�EE�E	��D�F�A�����DF�	��*MRQ�O,�����F��A��DE��7��I��=E�F���E�C���A���
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Abstract 

We characterize the replicons and their addiction systems found in Klebsiella 

pneumoniae strains (i) producing acquired ß-lactamases (R-strains) and (ii) those 

found in strains without acquired ß-lactamases (S-strains). The first collection 

included 79 R-strains with various acquired ß-lactamases and their transconjugants 

or electroporants and the second collection included 39 S-strains. PCR-based 

replicon typing, five plasmid protein antitoxin-regulated systems and three plasmid 

antisense RNA-regulated systems were sought by PCR. One hundred and forty two 

replicons were detected in parental R-strains. The IncFIIk (n=39) and IncFII replicons 

(n=7) were the most frequently detected (32.4%). The three other most frequent 

replicons were A/C (n= 23 – 16.2%), R (n=19 – 13.4%) and L/M (n=19 – 13.4%). Fifty 

three replicons were detected in 49 strains among the 61 recipient strains obtained. 

The IncFII group replicons (IncFII and IncFIIk), and the IncA/C replicons occurred 

both in 28% of the recipient strains and the IncL/M replicons in 15%. The IncA/C 

replicons were associated with 4 β-lactamase families but never with TEM-1, OXA-1 

and CTX-M-types, which were associated to IncFII group or IncL/M replicons.  

Among the 39 S-strains, 25 replicons were characterized in 17 strains, including 16 

replicons belonging to the FIIk group and none to the A/C or L/M groups.  

A total of 29 plasmid addiction systems were detected in recipient strains: 17 pemKI, 

6 hok-sok and 6 vagCD. The addiction systems PemKI (15/17) and Hok-Sok (6/6) 

were almost exclusively associated to the replicons encoding the CTX-M-15 or CTX-

M-3 beta-lactamases and belonging mainly to the IncFII or incFIIk groups 
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Introduction  

Klebsiella pneumoniae is the most clinically significant Enterobacteriaceae after 

Escherichia coli. It is well known to most clinicians as a cause of community-acquired 

bacterial pneumonia. The vast majority of Klebsiella infections, however, are 

associated with hospitalization. K. pneumonia ranks among the top ten organisms 

causing blood stream infection, pneumonia and other invasive infections in 

hospitalized patients in various countries. The increasing prevalence of multi-drug 

resistant K. pneumoniae causing nosocomial infection constitutes a major health 

problem. Hospital outbreaks of K. pneumoniae isolates are frequent, and the 

interhospital dissemination of multi-resistant strains has been largely reported (2, 23).  

K. pneumoniae isolates are increasingly resistant to multiple antimicrobial agents 

including β-lactams, aminoglycosides and quinolones. Outbreaks of extended-

spectrum β-lactamases (ESBL)-producing K. pneumoniae have been extensively 

reported worldwide (22). In addition to the TEM- or SHV- types, the CTX-M-types 

ESBL are becoming more prevalent in this species (9). K. pneumoniae may also 

possess transmissible plasmid-mediated AmpC-type β-lactamases such as CMY-, 

DHA or ACC-types (15) and finally in recent years, it has been implicated in the 

dissemination of enzymes able to hydrolyze carbapenem. Among them, VIM-type 

metallo-β-lactamase has spread in Enterobacteriaceae, especially in K. pneumoniae 

(16). Also, the later is also the main producer of KPC-type class A carbapenemase 

and class D, acquired OXA-48 carbapenem hydrolyzing enzyme (5, 20). 

K. pneumoniae is often the first species identified to acquire and disseminate new 

encoding resistance genes. It can be considered as a distribution hub (platform) of 

the antibiotic resistance among Enterobacteriaceae. Acquired β-lactam resistance is 

usually plasmid mediated and accompanied by a relatively high stability of the 
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plasmids. The latter are easily transmitted among different members of the 

Enterobacteriaceae and, accumulation of resistance genes results in strains that 

contain multi-resistant plasmids. 

This study aims to provide an overview of the plasmids found in K. pneumoniae 

resistant to third generation cephalosporins and/or carbapenem in comparison with 

susceptible strains. We characterized also the replicons carrying the acquired-β-

lactamases and their addiction systems in relation with the type of β-lactamase. 

Materials and Methods  

Bacterial strains  

Seventy nine strains of K. pneumoniae recovered from various geographical regions 

producing well characterized acquired-ß-lactamases were studied (R-strains) (Table 

S1). There were isolated between 1987 and 2009: 54 of 79 were recovered from 

patients in France, the others were isolated in Africa (n= 18), Europe (n=6) and Asia 

(n=1). Thirty nine susceptible (S-) strains of K. pneumoniae (without acquired ß-

lactamase) were further studied: they were isolated between 2004 and 2008 in five 

hospitals from the Paris area and were susceptible to cefalothin (MIC � 8 mg/L) and 

to the association of amoxicillin and clavulanic acid (MIC � 2/2 mg/L).  

On the basis of molecular typing methods such as ERIC-PCR and/or PFGE (11), all 

these strains were non-genetically related (data not shown). 

E. coli J53-2 rifr and E. coli DH10BTM (Invitrogen, Cergy Pontoise, France) were used 

for conjugation and transformation experiments, respectively. 

 
ββββ-lactam resistance transfer assays  

The plasmids conferring β-lactam resistance in each of the K. pneumoniae strains 

were transferred by mating with E. coli J53-2 rifr. Transconjugants were selected on 
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Drigalski agar plates (Bio-Rad, Marnes-la-Coquette, France) containing rifampin (250 

mg/L) and ticarcillin (125 mg/L), or cefotaxime (2.5 mg/L). When resistance plasmid 

transfer failed in the mating experiments or when plasmid co-transfer occurred, 

transformation was used: plasmid DNA was extracted by using the High Pure 

Plasmid Isolation Kit (Roche Diagnostic GmbH, Mannheim, Germany) and then 

transferred into E. coli DH10BTM cells by electroporation. Transformants were 

selected on Drigalski agar plates supplemented with ticarcillin or cefotaxime as 

described earlier. 

 
Detection of ββββ-lactamase gene in transconjugants or electroporant s 

Template DNA preparation was performed from 3 heated colonies in a total volume 

of 500 µl of distilled water (95°C for 10 min) foll owed by a centrifugation step of the 

cell suspension. PCR experiments were performed to identify β-lactamases encoding 

genes present in transconjugants or electroporants by use of specific primers which 

have been designed previously (10, 18). Subsequent sequencing of PCR products 

was also performed. 

 
Plasmid replicon type determination  

Plasmid replicons were determined for the parental K. pneumoniae R-strains and S-

strains and for E. coli transconjugants or transformants obtained after transfer of β-

lactam resistance from R-strains. 

Plasmid replicons were identified using the PCR-based replicon typing scheme 

described by Carattoli et al (3). Initially, multiplex PCR were used and then redefined 

with single PCR used to obtain clear amplicons for sequencing. Plasmids were tested 

for additional targets: the repA gene of the pRA3 plasmid from Aeromonas hydrophila 
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(IncU) and the repB gene from the plasmid pK245 from K. pneumoniae (named IncR 

by Garcia-Fernandez et al.) (12). 

Because of the heterogeneity of the FII replicons, we also used the primers CA1 and 

OR1 previously designed to recognize the consensus sequences in the repA gene 

and the oriR region of FII replicons highly similar to plasmid R100 (10, 21). Primers 

designed in accordance with GenBank accessible repA sequences from other K. 

pneumoniae plasmids were used. Two plasmids, pGSH500 and pKNP4 (accession 

numbers N°AJ009980 and CP000649 respectively) that contain a repA gene showing 

� 78-80% of nucleotide identity with the currently known repA genes of the IncFII 

family were used to design 2 sets of primers able to detect FII related replicons from 

K. pneumoniae (named IncFIIk as also used by Coelho et al. and Villa et al.) (8, 26). 

Finally, the repA gene from 3 other plasmids from K. pneumoniae: pMET-1 

(EU383016), pLVPK (AY378100) and pK245 (DQ449578) allowed to design 

additional primers respectively named IncMet, IncLVPK and IncZk (6, 7, 25). These 

primers and annealing temperatures used are reported in Table S2. 

 
Plasmid addiction system determination 

The following 5 plasmids protein antitoxin-regulated systems, PemK-PemI (pemKI) 

(plasmid emergency maintenance locus) of IncFII plasmids R1 and R100, CcdA-

CcdB (ccdAB) (coupled cell division locus) of F plasmid, RelB-RelE (relBE) (relaxed 

control of stable RNA synthesis) of p307 plasmid (InFI), ParD-ParE (parDE) of RK2 

plasmid and VapB-VapC (vapBC) (virulence associated protein) named also VagC-

VagD (vagCD) system of some virulence plasmid from Salmonella, and the 3 plasmid 

antisense RNA-regulated systems, HokSok (hok-sok) (host-killing) system of R1 

plasmid, PndA-PndC (pndAC) (promotion of nucleic acid degradation) of R483 

plasmid (IncI1) and R16 plasmid (IncB/O) and SrnB-SrnC (srnBC) (stable RNA) of 
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IncF plasmid were sought by PCR (19). These PCR experiments were performed for 

the tranconjugants and electroporants. The primer sequences and annealing 

temperatures have been reported elsewere (19). Specific primers able to differentiate 

PemK-PemI of IncF replicons (R100, accession number M26840) from those of L/M 

replicons (pCTX-M3, accession number AF550415) were designed as follows: pemK-

F_for  CGGTGTCGTTGGATGGTGTTGG and pemK-F_rev 

GCCGCCTGTCCACTATTCT ; pemK-L/M_for ACGCCGGCTGCTTTTAAC and 

pemK-L/M_rev GATCGATATGAAAGCCCGC. 

 
Results and discussion 

PCR–based replicon typing in K. pneumoniae R-strain s 

By using the replicon typing method, 143 replicons were detected in 72 parental R-

strains (mean: 1.98; range 1-4) (Table S1). The replicons could not be determined 

(NT) in 7 strains of the 79 (8.8%) parental K. pneumoniae tested. They respectively 

corresponded to DHA-1, SHV-4, CTX-M-15, CTX-M-9, KPC-2 and OXA-48 producers 

(Table S1).  

The IncFII-type replicons (IncFIIk and IncFII), detected in 46 over the 79 parental R-

strains (60.5%), were the most frequently replicons types detected in our collection 

(32.4%): they included 7 IncFII (similar to R100) and 39 IncFII, related from K. 

pneumoniae, named FIIk (Table 1). In the recent review of Carattoli et al., FII 

replicons have been reported in K. pneumoniae (4) but seem less frequent in 

comparison to our results. It may be due to the lack of detection of the new IncFIIk 

replicons when using the FrepB primers described by Carattoli et al. (3). Conversely, 

IncF replicons such as FIA, FIB and FIC that are widely distributed among E. coli 

strains were only detected in one strain (FIB). Our results are in accordance with the 

high prevalence of FIIk in K. pneumoniae isolates from Barcelona (8) and suggest 
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that this replicon is well adapted in this species. In their recent paper, Villa et al. 

compared the IncF plasmids found in E. coli, Salmonella sp. and K. pneumoniae 

(26). They also individualized the same FIIk replicon group from K. pneumoniae and 

added to their replicon typing method a new set of primers able to detect them (26). 

The IncR replicons were detected in 19 parental R-strains (24%) and were 

associated with IncFII replicons in 15 strains (respectively with IncFIIk in 12 strains 

and with IncFII in 3 strains). Similar results were reported in K. pneumoniae isolates 

studied by Coelho et al. and also associated with FIIk replicons (8).  

The two other most frequent replicons were A/C and L/M, respectively detected in 23 

(29.1%) and 19 (24%) of parental R-strains. IncA/C and IncL/M have been also 

documented in K. pneumoniae (4).  

The replicons IncN (n=7), IncLVPK (n=7) and IncZk (from pK245) (n=7) were 

detected at a level equivalent to the IncFII replicons from R100 (n=7). The plasmid 

pLVPK is a plasmid recovered from a virulent K2 K. pneumoniae, and which encoded 

a locus named rmpA2, which has been reported to enhance the colony mucoidy of 

various serotypes of K. pneumoniae.  The plasmid pK245 encode the quinolone 

resistance gene qnrS and the ESBL gene blaSHV-2. 

Other replicons such as HI1-HI2 (n=3), I (n=1), P (n=1), X (n=1) or U (n=1) were 

encountered only for a few strains. The IncP replicon that was reported in β-lactam 

susceptible strains of K. pneumoniae (24) was detected in only one strain of our 

collection. Finally, the IncMet replicon from pMET, a multiresistance plasmid which 

encode an integrative and conjugative element (ICEKp1) involved in primary liver 

abcess formation was not detected (25). 

 
PCR–based replicon typing in K. pneumoniae S-strain s 
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By using the replicon typing method, 25 replicons were found in 17 strains over the 

39 S- strains tested (mean 0.64) (range 0-3). The great majority of these replicons 

belong to the IncFIIk (16/25, 64%). The others were IncR (n=4), IncZk (n=3), FIB 

(n=1) and IncP (n=1). No replicon belonging to groups IncA/C, IncL/M, IncN and 

IncLVPK were found in this collection of S-strains. These results and those obtained 

for the resistant K. pneumoniae strains seems confirm that the IncFIIk group could 

correspond to a well adapted IncF plasmid in K. pneumoniae as suggested by Villa et 

al. (26), like IncFI or IncFII in E. coli. 

 
PCR–based replicon typing in E. coli recipient stra ins 

Transfer of β-lactam resistance either by conjugation or electroporation was achieved 

for 61/79 strains; 55 tranconjugants (Tc) and 6 electroporants (Ep) were analyzed 

(Table S3). Once transconjugants or electroporants were obtained, the presence of 

the bla gene(s) identified in parental strain was confirmed by PCR; the replicons were 

determined by PCR to determine the Inc/rep type followed by direct sequencing with 

PCR primers. The replicons could not be determined for 11 transconjugants or 

transformants corresponding to various β-lactamases: SHV-2a (n=1), SHV-4 (n=1), 

SHV-5 (n=2), CTX-M-3 (n=1), CTX-M-15 (n=1), DHA-1 (n=1), KPC-2/SHV-12 (n=1), 

VIM-1 (n=1) and OXA-48 (n=2) (Table 2). 

Among the 54 replicons identified in 49 recipient strains, the FII-like group and the 

A/C replicons were the most frequently detected in recipient strains, respectively 

17/54, (31.5%) and 17/54 (31.5%). The IncFII group included 11 FIIk and 6 FII 

replicons. These incFII plasmids were preferentially associated with CTX-M β-

lactamase genes (12 over 17) and also SHV-type (3). In their review, Caratolli et al. 

(4) underlined the fact that IncF plasmids carrying the blaCTX-M-15 are frequent, 

especially in E. coli, and are not a homogenous group of plasmids suggesting that 
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these plasmids are evolving through replicon sequence divergence. The few reports 

of IncFII plasmids from K. pneumoniae were associated with various blaCTX-M, or 

blaSHV (4). Interestingly, we found five recipient strains bearing both IncFIIk and IncR; 

this association between IncR (from plasmid pK245) and IncFIIk (from pGSH500) 

could be due to the fact that IncR primers have been designed from repB gene of the 

plasmid pK245 which is similar to the repB gene from pGSH500; the later plasmid is 

bearing an IncFIIk repA gene which allowed us to design our IncFIIk primers. In our 

series, sequences of the IncR products showed 100% identity with the repB gene 

from pK245 while sequences of the IncFIIk were similar to the repA from pGSH500 

and pKN4, both FII related. The pK245 plasmid possesses a mosaic structure 

including 2 regions respectively deriving from an IncF plasmid and from the IncQ 

plasmid RSF1010 (7). Moreover, in pK245, three genes encoding replication initiator 

proteins were found; the first have 70% AA similarity with a RepA found in pSW800 

from Pantoea stuartii (293 AA), the second have 96% AA similarity with a RepB 

found in pGSH500 from K. pneumoniae (287 AA) and the third had 99% AA similarity 

with a RepE found in E. coli IncHI plasmid R27 (251 AA) (7). These proteins are 

presumably playing a role in plasmid replication since the corresponding genes are 

all associated with multiple iterons. Some plasmids have been reported to possess 

more than one replication gene that may give a better chance for them to replicate in 

a broader range of host (6, 7, 26).  

The A/C replicons (17/54), which appear almost at a level equivalent to the IncFII 

group in our work carry various β-lactamase genes, SHV- and TEM-ESBLs, plasmid-

mediated cephalosporinases and carbapenemases and with the exception of CTX-M 

group, OXA-1 and TEM-1 β-lactamases (Table 2). The broad-host-range IncA/C 

group of plasmids has been previously detected in multi-drug-resistant human and 
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animal pathogens of Enterobacteriaceae species including K. pneumoniae (4). In a 

study concerning 29 Salmonella enterica and 38 E. coli, Hopkins et al. reported that 

the genes blaCMY are located on A/C plasmids (14). Plasmids belonging to the IncA/C 

group have recently facilitated the spread of genes conferring antibiotic resistance to 

β-lactams such as blaTEM-3, bla TEM-21, bla TEM-24, bla SHV-2, bla CTX-M-2 (4, 18). Our 

results on K. pneumoniae are in accordance with these observations. 

Finally, L/M replicons are less frequent in our study (9/54) and are associated with 

DHA-1 (n=3) or CTX-M-3 (n=2) or CTX-M-15 (n=6) β-lactamases. In E. coli, it was 

reported that blaCTX-M-15 and blaCTX-M-3 genes are mostly found on plasmids F and L/M 

(14, 18). Golebiewski et al. have suggested that the L/M group played an important 

role in the dissemination of the β-lactamase CTX-M-3 (13). In our series, the CTX-M-

15 enzyme is rather associated with FII replicons (4 FII and 6 FIIk) or L/M replicons 

(n=4) while CTX-M-3 is carried by plasmids of groups L/M (n=2), N (n=1), FII (n=1) or 

unknown (NT, n=1). Similar results were also observed in the collection of E. coli 

studied by Marcadé et al. (18). In contrast, IncL/M replicons were never detected in 

the collection of K. pneumoniae producing CTX-M-15 analyzed by Coelho et al. (8). 

While Klebsiella producers of SHV-5 in the United States during the 1993-2000 

period, carried the blaSHV-5 gene on IncL/M plasmids, we found blaSHV-5 gene located 

on A/C or NT plasmids. The blaSHV-12 gene variant that largely prevailed in K. 

pneumoniae isolates from Europe was located on plasmids from different families. 

Our 3 SHV-12 β-lactamases in recipient strains were respectively associated with 

IncN, IncFIIk and IncXk.  

Finally, genes for carbapenemases reported in K. pneumoniae were located on 

various replicons (4): in our study two electroporants and five transconjugants were 

obtained for strains producing various genes of carbapenemases (3 VIM-1/4, 2 KPC-
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2 and 2 OXA-48) and replicons could be determined for only two VIM (IncA/C) and 

one KPC-2 (IncX) producers (Table 2).  

 
Plasmid addiction system determination in E. coli r ecipient strains. 

In a total, 29 plasmid addiction systems were detected in plasmids encoding various 

β-lactamases. Among the eight systems tested, only three were detected: pemKI 

(n=17), hok-sok (n=6) and vagCD (n=6). Twenty one addiction systems (72%) were 

encoded by the plasmids bearing CTX-M-15 and the CTX-M-3 type ESBLs. These 

CTX-M plasmids were associated with the pemKI and hok-sok systems, respectively 

15/17 and 6/6 cases. Similar observations were reported on a collection of plasmids 

encoding ESBLs in E. coli (19).  

When the type of replicon was considered (Table 3), the frequency of addiction 

systems was highest in IncFII plasmids (6/6 for pemKI-Fand 5/6 for hok-sok) followed 

with IncFIIk plasmids (4/11 for pemKI-F and 1/11 for pemKI-L/M and for hok-sok) and 

IncL/M plasmids (5/9 for pemKI-L/M). In contrast, the vagCD system was found in 

various replicons such as A/C (n=3), R (n=1), Zk (n=1) or unknown (n=1) but never 

associated with FII like replicons. The vagCD system was identified on virulence 

plasmids from Salmonella sp. and, interestingly this vagCD system was found in our 

collection on replicons bearing plasmid-mediated AmpC β-lactamases that were 

firstly encountered in Salmonella sp. (1). Finally, none of our strain harbored the 

ccdAB system. This observation is in accordance with the association of this system 

with FIA/FIB replicons which were not detected in our recipient strains (19).  

When we analyzed the addiction systems found in the 16 susceptible K. pneumoniae 

strains which host a FIIk replicon, we found only five strains with vagCD and none 

with pemKI or hok-sok. Moreover, four S-strains without replicon were also positive 

with VagCD system; this addiction system has been previously characterized in 
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association with the integrative and conjugative element ICEKp1 reported in virulent 

(and susceptible) strains (17). 

 
In conclusion, our study contributes to a better knowledge about plasmids in K. 

pneumoniae. It confirms the high prevalence of FIIk replicons in this species and 

reports for the first time the detection of addiction systems. We suggest that the FIIk 

replicons which could be well adapted to the species K. pneumoniae, were able to 

acquire β-lactamases genes such as blaTEM-1, blaOXA-1 and more recently the blaCTX-M-

3/15 group. The later could have been acquired via the L/M replicons, on resident 

IncFII related replicons (IncFII or IncFIIk) bearing one or two addiction systems 

(PemKF or Hok-sok) which could explain the persistence of these plasmids in their 

hosts. 
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TABLE 1.  Replicon types found by PCR replicon typing in the two collections of Klebsiella pneumoniae. 
 

Strains   Replicon types 

K. pneumoniae n  n with replicons (%)   A/C FII FIIK FIB HI1-HI2 I L/M N P R 
 

X U LVPK Zk N total mean 
Susceptible 39 17 (44%)  0 0 16 (64%) 1 0 0 0 0 1 4 (16%) 0 0 0 3 (12%) 25 0.64 

Resistant 79 72 (91%)  23 (16.2%) 7 39 (27.5%) 1 3 1 19 (13.4%) 14 1 19 (13.4%) 1 1 7 7 (5.2%) 143 1.98 
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TABLE 2. Characterization of replicons found in recipient E. coli. 
bla gene  type and number of replicons found in 61 recipient E. coli 

    A/C FIIK (+/-R) FII L/M N others NT 
type and allele N    171 112 63 94 34 35 126 
           
SHV-ESBL 14   3 3 1 - 1 1 5 

SHV-2 1   - 1 - - - - - 
SHV-2a 3   - 1 1 - - - 1 
SHV-4 2   1 - - - - - 1 
SHV-5 4   2 - - - - - 2 
SHV-12 4   - 1 - - 1 1 1 

           
TEM-ESBL 6   5 1 - - - - - 

TEM-3 3   3 - - - - - - 
TEM-12 1   - 1 - - - - - 
TEM-21 1   1 - - - - - - 
TEM-129 1   1 - - - - - - 

           
TEM-1 4   - 3 1 - - - - 
           
OXA-1 16   - 6 6 1 1 1 1 
           
CTX-M 23   - 6 6 6 2 1 2 

CTX-M-3 5   - - 1 2 1 - 1 
CTX-M-15 18   - 6 5 4 1 1 1 

           
pAmpC 15   8 2 - 3 - 1 1 

CMY-2/-4 5   5 - - - - - - 
ACC-1 2   1 1 - - - - - 
DHA-1 7   1 1 - 3 - 1 1 
FOX-3 1   1 - - - - - - 

           
Carbapenemase 7   2 - - - - - 5 

VIM-1/-4 3   2 - - - - - 1 
KPC-2 2   - - - - - 1 1 
OXA-48 2   - - - - - - 2 

1 One A/C replicon carried both CMY-4 and VIM-1. 
2 Three FIIk carried both CTX-M-15, OXA-1, TEM-1, three carried both CTX-M-15 and OXA-1 
and one carried SHV-2 and DHA-1. 
3 One carried both CTX-M-15, OXA-1, TEM-1, one carried CTX-M-15, OXA-1, SHV-2a, three 
carried both CTX-M-15 and OXA-1 and one carried CTX-M-3 and OXA-1. 
4 One L/M replicon and one N replicon carried both CTX-M-15 and TEM-1. 
5 One R replicon carried both DHA-1 and OXA-1. 
6 One carried both CTX-M-15 and OXA-1 and one carried both SHV-12 and KPC-2. 
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TABLE 3.  Addiction systems found in recipient E. coli of multiresistant strains of  K. 
pneumoniae. 

 

Inc family N total   blagene  Addiction systems 

     pemKI* hok-sok vagCD 
        

FIIk 11    5 1 0 
   CTX-M-15, OXA-1  4 (F) 1  
   SHV-12  1 (L/M) 0  
        

FII 6    6 5 0 
   CTX-M-15, OXA-1  5 (F) 4  
   CTX-M-3, OXA-1  1 (F) 1  
        

A/C 17    1 0 3 
   SHV-5  1 (F)  1 
   ACC-1  0  1 
   CMY-4  0  1 
        

L/M 9    5 0 0 
   CTX-M-15  3 (L/M)   
   CTX-M-3  2 (L/M)   
        

Others 14    0 0 3 
R    DHA-1, OXA-1    1 
Zk   SHV-12    1 
NT   DHA-1    1 

*pemKI according to specific of F or L/M replicons 
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TABLE S1. β-lactamases and replicons present in parental strains. 
Kp strain 
number 

Geographical origin Acquired β-lactamases Replicon type of 
the parental 

strain 
KpS27 France SHV-2 FIIk, V 
KpS42 France SHV-2a FIIk 
KpS88 France SHV-2a HI1, HI2, FIIk 
KpS60 France SHV-2 FIIk 
KpS9 France (outbreak) SHV-4  NT 
KpS73 France SHV-4 A/C, FIIk 
KpS37 France SHV-5 FIIk, R 
KpS39 France SHV-5 A/C 
KpS71 France SHV-5 A/C, R 
KpS26 Afganistan SHV-12 N, FIIk, V, R 
KpS51 Tunisia SHV-12 FIIk 
KpS52 Tunisia SHV-12 FIIK, Zk, R 

KpS53 
Center African 
republique SHV-12 Zk 

KpS21 France TEM-3 A/C, Zk 
KpS24 France TEM-3 A/C, FIIk, Zk 
KpS83 France TEM-3 A/C, N, FIB, FIIk 
KpS76 France TEM-12 FIIk 
KpS89 France TEM-21 A/C 
KpS68 France TEM-129 A/C 
KpS22 France CMT, TEM-1 FIIk, R 
KpS16 France CTX-M-3 L/M, FII, R 
KpS23 France CTX-M-3 A/C, Zk, N 
KpS36 Tunisia CTX-M-3, OXA-1 FII, R 
KpS43 France CTX-M-3 N 
KpS47 Algeria CTX-M-3, TEM-1 L/M, HI1, HI2 
KpS85 France CTX-M-3 L/M, FIIk, R 
KpS18 France CTX-M-15, TEM-1, OXA-1 FII, R 
KpS45 France CTX-M-15, OXA-1 L/M, FIIk 
KpS46 Algeria CTX-M-15, TEM-1  L/M, FIIk 
KpS48 Algeria CTX-M-15, TEM-1 L/M, P 
KpS49 Algeria CTX-M15, TEM-1 L/M, I 
KpS55 France CTX-M-15, TEM-1, OXA-1 NT 
KpS56 France CTX-M-15, TEM-1, OXA-1 FIIk 
KpS57 France CTX-M-15, TEM-1, OXA-1 FII 
KpS61 France CTX-M-15, OXA-1 FII 
KpS65 Niger CTX-M-15, TEM-1, OXA-1 FIIk, V 
KpS7 France CTX-M-22, TEM-1 L/M, V 
KpS75 France CTX-M-15, OXA-1 FIIk 
KpS78 France CTX-M-15, TEM-1, OXA-1 L/M, FIIk 
KpS79 France CTX-M-15, TEM-1, OXA-1 L/M, FIIk, R 
KpS80 France CTX-M15, TEM-1, OXA-1 FIIk, R 
KpS82 France CTX-M-15, OXA-1 FII 
KpS87 France CTX-M-15, OXA-1 FIIK 
KpS84 France CTX-M-9 NT 
KpS17 France CTX-M-14 N  
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KpS15 India GES-9 R, U 
KpS2 Tunisia ACC-1, TEM-1 A/C 
KpS10 Tunisia ACC-1, TEM-1 A/C, Zk 
KpS3 Italy FOX-3 A/C, FIIk 
KpS8 France CMY-2 A/C, FIIK 
KpS11 France CMY-4 A/C, R 
KpS86 France CMY-4 A/C, FIIk 
KpS4 France DHA-1 A/C 
KpS5 France DHA-1, TEM-1 L/M, FIIK, R 
KpS28 France DHA-1 L/M 
KpS29 France DHA-1 NT 
KpS30 France DHA-1, OXA-1 FIIk, R 
KpS31 France DHA-1 A/C 
KpS32 France DHA-1 Zk 
KpS33 France DHA-1 FIIk 
KpS34 France DHA-1 L/M, FIIk 
KpS62 France DHA-1, TEM-1 L/M, N, V 
KpS63 France DHA-1, TEM-1 L/M, HI2, R 
KpS66 France DHA-1 L/M 
KpS6 Greece SHV-5, MOX-2, TEM-1 A/C, FIIK 
KpS1 Sueden SHV-5, CMY-4, TEM-1 A/C 
KpS72 France SHV-2a, DHA-1, TEM-1 FIIk 
KpS12 France SHV-2, DHA-1, OXA-10 FIIk, V, R 
KpS19 France CTX-M-15, DHA-1, OXA-1 N, L/M, FII, FIIk 

KpS20 Mali 
CTX-M-15, SHV-2a, TEM-1, 
OXA-1 L/M, FII, V 

KpS25 France CTX-M-15, ACC-1, TEM-1 A/C, FIIk 
KpS38 Greece KPC-2, SHV-5, TEM-1 FIIk, R 

KpS90 Greece 
KPC-2, SHV-12, TEM-1, 
OXA-9 FIIk, X 

KpS91 Italy KPC-2, TEM-1 NT 

KpS14 Tunisia 
CTX-M-15, CMY-4, VIM-4, 
TEM-1 A/C, FIIk, R 

KpS13 Greece VIM-1, SHV-5 A/C, FIIk 
KpS92 Egypt VIM-1, CTX-M-14 L/M, A/C 

KpS93 Morroco 
OXA-48, CTX-M-15, TEM-1, 
OXA-1 NT 

KpS94 Tunisia OXA-48  NT 
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TABLE S2. Sequences of additional primers used for detection of replicons in this study. 
Plasmid Primer name DNA sequence* Target site EMBL accession number Amplicon size 
pGSH500 FII1k_for 5’-CGCTGCTTATTTTCCCATTCC-3’ repA AJ009980 415pb 
 FII-1k_rev 5’-CGTCCCGTTTTGATTTTTCCA-3’    
pKPN4 FII-2k_for 5’-GGGCTCATCACCTATCAGACT-3’ repA CP000649 235pb 
  FII-2k_rev 5’-GAAAACGCTCACGCACAAACC-3’    
pLVPK repApLVPk_for 5’-GTTGTGTCGTCTTTCCTCT-3’ repA AY378100 606pb 
 repApLVPk_rev 5’-GCTTCATCCAGTTGCTCTA-3’    
pMET-1 repAMET-1_for 5’-TCACCTACGGGCATCGCAA-3’ repA EU383016 444pb 
 repAMET-1_rev 5’-GAAATCCTCTGTTACCTCAAT-3’    
pK245 repZk_for 5’-TTCAAGGTATGGGTCGGTATC-3’ repA DQ449578 348 pb 
 repZk_rev 5’-GTTTATCGGTTTATGTCGTAGC-3’    
IncR IncR_for 5’-TCGCTTCATTCCTGCTTCAGC-3’ repB DQ449578 251 pb 
 IncR_rev 5’-GTGTGCTGTGGTTATGCCTCA-3’    
IncU IncU_for 5’-TCACGACACAAGCGCAAGGG-3’ repB DQ401103 843 pb 
 IncU_rev 5’-TCATGGTACATCTGGGCGC-3’    
*Annealing temperature of 55°C 
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TABLE S3.  Replicons and addictions systems detected in 61 recipient strains. 

N° strain Tc or β-lactamase Replicon type of  Addiction systems 

��  Ep   the Tc or Ep pemKI* hok-sok vagCD 

KpS88 >�� SHV-2a NT - - - 
KpS72 >�� SHV-2a FIIk - - - 
KpS9 >�� SHV-4 NT - - - 
KpS73 >�� SHV-4 A/C - - - 
KpS1 >�� SHV-5 NT - - - 
KpS6 >�� SHV-5 A/C +F - + 
KpS13 >�� SHV-5 A/C - - - 
KpS38 >�� SHV-5 NT - - - 
KpS26 >�� SHV-12 N - - - 
KpS51 >�� SHV-12 FIIk, R +L/M - - 
KpS53 =�� SHV-12 Zk - - + 
KpS21 >�� TEM-3 A/C - - - 
KpS24 >�� TEM-3 A/C - - - 
KpS83 >�� TEM-3 A/C - - - 
KpS76 >�� TEM-12  FIIk - - - 
KpS89 >�� TEM-21 A/C - - - 
KpS68 >�� TEM-129 A/C - - - 
KpS16 >�� CTX-M-3 L/M +L/M - - 
KpS23 >�� CTX-M-3 NT - - - 
KpS36 >�� CTX-M-3, OXA-1 FII +F + - 
KpS43 >�� CTX-M-3 N - - - 
KpS47 >�� CTX-M-3 L/M +L/M - - 
KpS18 >�� CTX-M-15, OXA-1 FII +F + - 
KpS19 >�� CTX-M-15, OXA-1 N  +F + - 
KpS45 >�� CTX-M-15, OXA-1 L/M - - - 
KpS46 >�� CTX-M-15 L/M +L/M - - 
KpS48 =�� CTX-M-15 L/M +L/M - - 
KpS49 >�� CTX-M-15 L/M +L/M - - 
KpS55 >�� CTX-M-15, OXA-1 NT - - - 
KpS56 >�� CTX-M-15, OXA-1 FIIk, R +F - - 

KpS57 =��
CTX-M-15, OXA-1, 

TEM-1 FII +F + - 
KpS61 >�� CTX-M-15, OXA-1 FII +F + - 
KpS65 >�� CTX-M-15 V - - - 
KpS75 >�� CTX-M-15, OXA-1 FIIk +F - - 

KpS78 >��
CTX-M-15, OXA-1, 

TEM-1 FIIk - - - 

KpS79 >��
CTX-M-15, OXA-1, 

TEM-1 FIIk +F - - 

KpS80 >��
CTX-M-15, OXA-1, 

TEM-1 FIIk, R - - - 
KpS82 >�� CTX-M-15, OXA-1 FII +F + - 
KpS87 >�� CTX-M-15, OXA-1 FIIk +F + - 
KpS10 >�� ACC-1 A/C - - + 
KpS25 >�� ACC-1 FIIk, R - - - 
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KpS3 >�� FOX-3 A/C - - - 
KpS8 >�� CMY-2 A/C - - - 
KpS11 >�� CMY-4 A/C - - + 
KpS86 >�� CMY-4 A/C - - - 
KpS1 >�� CMY-4 A/C - - - 
KpS4 >�� DHA-1 A/C - - - 
KpS5 >�� DHA-1 L/M - - - 
KpS28 >�� DHA-1 L/M - - - 
KpS30 >�� DHA-1, OXA-1 R - - + 
KpS33 =�� DHA-1 NT - - + 
KpS34 >�� DHA-1 L/M - - - 
KpS12 >�� SHV-2, DHA-1 FIIk, R - - - 

KpS20 >��
CTX-M-15, OXA-1, 

SHV-2a FII +F - - 
KpS14 >�� CMY-4, VIM-4 A/C - - - 
KpS90 =�� SHV-12, KPC-2 X - - - 
KpS13 =�� VIM-1 NT - - - 
KpS91 >�� KPC-2 NT - - - 
KpS92 >�� VIM-1 A/C - - - 
KpS93 >�� OXA-48 NT - - - 
KpS94 >�� OXA-48 NT - - - 

*pemKI according to specific of F or L/M replicons�
� � � �  � �
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Abstract 

We report the complete nucleotide sequence of the plasmids pKpS90 carrying the blaKPC-2 and 

blaSHV-12 from Klebsiella pneumoniae strain ST238 responsible for an outbreak in a French 

University hospital in 2009. pKpS90 is a 53.439-bp that belong to the incompatibility group 

IncX. It consists of the backbone of the IncX plasmid and carries a region encoding both 

KPC-2 and SHV-12. This region contains the transposon Tn4401 associated with a part 

encoding the blaSHV-12 similar to that of the pRMH712 from K. pneumoniae.  

 

 

During the past decade, carbapenem-resistant Enterobacteriaceae strains have emerged and 

spread worldwide. Resistance to carbapenem arises by the acquisition of various β-lactamases 

belonging to three Ambler classes A, B and D. Since the initial report of a KPC β-lactamase 

from a strain of K. pneumoniae in 1996, KPC producers have been reported from various 

geographical regions. Current reports indicate that KPC-producing isolates are widespread in 

China, Israel, Greece, South America and the USA (Nordmann et al. 2009; Nordmann et al. 

2011).  

Several KPC variants differing in one or two amino acids have been identified (KPC-1 to 

KPC-10) mainly in K. pneumoniae and to a lesser extent in Pseudomonas aeruginosa and 

Acinetobacter baumanni clinical isolates, KPC-2 and KPC-3 being predominant (Nordman et 

al. 2009 ; Cuzon et al. 2011; and http://www.lahey.org/studies/). Molecular analysis of the 

genetic environment of KPC genes showed that they are associated with transposons of the 
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same nature, Tn3 type. Indeed, the blaKPC genes are part of the Tn4401 which has been 

detected among conjugative and non conjugative plasmids (Naas et al. 2008; Gootz et al. 

2009). Tn4401 is approximately 10Kb in size and is delimited by two 39-bp imperfect 

inverted repeat sequences and harbors insertion sequences named ISKpn6 and ISKpn7 in 

addition to transposase and resolvase genes. Three isoforms, a, b, and c of this transposon 

have been described, differing by a 100- to 200-bp sequence upstream of the β-lactamase 

gene KPC (Cuzon et al. 2010; Cuzon et al. 2011) and isoforms with deletions have been 

characterized recently (Kitchel et al. 2009 and 2010; Chen et al. 2011) but all reports and 

deposited sequences in Tn4401 to GenBank to date have a largely conserved structure and 

sequence.  

KPC-producing strains usually belong to sequence type (ST) 258 (Kitchel et al. 2009; Cuzon 

et al. 2010). Tn4401 has been characterized on plasmids varying in size (12 to 80 kb), in 

insertion site and incompatibility group (Naas et al. 2008; Carattoli et al. 2009; Gootz et al. 

2009; Andrade et al. 2011; Andrade et al. 2011). 

Bacterial plasmids are extrachromosomal elements that play a crucial role in horizontal gene 

transfer. One of their great features is their ability to carry and transmit gene encoding 

resistance to antimicrobial compounds. Determination of the complete DNA sequences is the 

most accurate method to characterize plasmids and to provide valuable insights into their 

evolution and diversity.   

Here we report the complete nucleotide sequence of plasmid pKpS90 which carries the KPC-

2 gene from a K. pneumoniae ST258 responsible for an outbreak in a French University 

Hospital (Kassis-Chikhani et al. 2010). The strain was recovered in july 2009 at the Paul 

Brousse Hospital. The index case was a patient transferred from Athens. In addition to the 

blaKPC-2 gene, the isolate carried the ESBL gene blaSHV-12 and the narrow spectrum β-

lactamases blaTEM-1 and blaOXA-9. A plasmid of approximatively 50 Kb positive for blaKPC and 

blaSHV genes transferred to E. coli was subjected to sequencing.  

Plasmid pKpS90 was extracted from the E. coli electroporant DH10B using the Qiagen  

Large construct kit (Qiagen, Courtaboeuf, France). Sequencing was performed using shotgun 

and 3 kb paired-end sequencing runs on a 454/Roche GS FLX analyzer (Roche, Basel, 

Switzerland). The resulting sequences were assembled to a unique scaffold and predicted gaps 

were closed by PCR followed by Sanger DNA sequencing using the Big Dye  Terminator 

cycle sequencing ready reaction kit (Applied Biosystems, Foster City, CA) in an ABI Prism 

310 DNA sequencer (Applied Biosystems). Gene prediction and annotation were performed 
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with the CAAT-box tool developed by the Genopole of the Pasteur Institute of Paris 

(Frangeul et al. 2004). 

The entire sequence of pKpS90 is composed of 53,439 bp forming a circular plasmid with a 

C+C% of 49% including 57 open reading frames (ORFs) and is related to the IncX plasmid 

family. The RepB protein showed 85% aminoacid identity within the IncX RepB from 

plasmid of Morganella morganii (GenBank accession number no. YP004869670). In silico 

analysis showed that pKpS90 possessed a high degree of sequence identity and gene synteny 

within its entire scaffold with the recent published plasmid pIncX-SHV (99% identity at the 

nucleotide level, accession number no. JN247852; Garcia-Fernandez et al. 2012) with the 

exception of a region of 12500 bp. The later carries the blaKPC-2 and the blaSHV-12 genes. 

blaKPC-2 from pKpS90 was part of a Tn4401 platform identical to the 10 kb element found (i) 

in plasmids carrying the blaKPC-2 such as plasmid S15 (GenBank accession number FJ223606) 

found in a K. pneumoniae strain isolated in New-York city, to p39SLMT and pNYC from K. 

pneumoniae strains (accessions no HQ589350 and EU176011) or (ii) in plasmid carrying the 

blaKPC-3 such as pKpQIL found in a K. pneumoniae strain recovered in Israel (accession no 

GU595196). This region carrying blaKPC-2 is surrounded by genes encoding full-length 

transposases and a recombinase as described previously (Naas et al. 2008 Gootz et al. 2009; 

Jiang et al. 2010). It corresponds to the variant of Tn4401 designated as isoform a, which 

contains a 100 bp deletion between blaKPC and istB genes. 

The region surrounding the SHV-12 β-lactamase contains (i) the transcriptional activator 

DEOR which is usually associated with SHV-type ESBL, (ii) a part of tRNA synthetase-like 

protein previously found to be originating from the K. pneumoniae chromosome and (iii) only 

one copy of the IS26 insertion sequence know to be critical in the SHV mobilization (Ford & 

Avison 2004). This region is identical to the partial sequence of pRMH712 found in K. 

pneumonia strain 4003 (GenBank accession no GU553923.1, position 1542 to 6376).  

The analysis of the region flanking the �-lactamase genes suggested that the insertion of 

Tn4401 occurred on a plasmid already carrying the transposon encoding SHV-12. Indeed, 

insertion occurred in the YgbK domain protein with a 9 base pairs (CCTGCTCGG). 

The remaining part of pKpS90 which showed high homology with pIncX-SHV (accession 

number no. JN247852), contained one parA gene (similar to partition gene from Salmonella 

enterica subsp. Heidelberg strain SL486, accession number no EDZ23062.1) and a full tra 

region involved in plasmid transfer via type IV secretion system (approximatively 35 Kb). 
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In conclusion, pKpS90 is the first plasmid reported to encode both KPC-2 and SHV-12 β-

lactamases genes. Moreover it is the first plasmid belonging to the IncX family that encodes 

blaKPC-2. Indeed, plasmids carrying the KPC β-lactamase that were reported belonged to 

IncFII, IncN, IncL/M or were untypeable plasmids by using the PCR replicon typing method 

(Caratolli A. 2009; Leavitt et al. 2010; Andrade et al. 2011). It confirms that Tn4401 is able 

of transposition on various replicons and may explain the worldwide dissemination of KPC β-

lactamase.  
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