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INTRODUCTION
�i�s� �w�e�l�l� �r�e�c�o�g�n�i�z�e�d� �a�s� �a� �c�o�m�m�e�n�s�a�l� 

�i�n�h�a�b�i�t�a�n�t� �o�f� �t�h�e� � �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�N�a�t�a�r�o� 
�a�n�d� �K�a�p�e�r�,� �1�9�9�8�)�,� �h�o�w�e�v�e�r�,� �i�t� �i�s� �a�l�s�o� �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� � �d�i�a�r�r�h�o�e�a� �a�n�d� �a� �r�a�n�g�e� �o�f� �e�x�t�r�a�-�i�n�t�e�s�t�i�n�a�l� 
�d�i�s�e�a�s�e�s� �i�n� �b�o�t�h� �m�a�n� �a�n�d� �a�n�i�m�a�l�s� �(�D�e�b�R�o�y� � �a�n�d� 
�M�a�d�d�o�x�,� �2�0�0�1�)�.� �a�r�e� �a�l�s�o� �t�h�e� �m�o�s�t� 
�f�r�e�q�u�e�n�t�l�y� �e�n�c�o�u�n�t�e�r�e�d� �m�i�c�r�o�o�r�g�a�n�i�s�m� �i�n� �t�h�e� 
�f�o�o�d� �i�n�d�u�s�t�r�y�.� �V�a�r�i�o�u�s� �d�i�s�e�a�s�e� �o�u�t�b�r�e�a�k�s� �h�a�v�e� 
�b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �d�u�e� �t�o� �i�n�g�e�s�t�i�o�n� �o�f� �f�o�o�d� 
�c�o�n�t�a�m�i�n�a�t�e�d� �w�i�t�h� �p�a�t�h�o�g�e�n�i�c� �s�t�r�a�i�n�s� 
�(�P�r�a�d�e�l� � �2�0�0�0�)�.� �P�a�t�h�o�g�e�n�i�c� �s�t�r�a�i�n�s� �o�f� � 
�a�c�q�u�i�r�e� �v�i�r�u�l�e�n�c�e� �g�e�n�e�s� �w�i�t�h� �w�h�i�c�h� �t�h�e�y� �c�a�u�s�e� 
�d�i�s�e�a�s�e�s� �e�s�p�e�c�i�a�l�l�y� �d�i�a�r�r�h�o�e�a� �a�n�d� �e�x�t�r�a�-�i�n�t�e�s�t�i�n�a�l� 
�i�n�f�e�c�t�i�o�n�s� �i�n� �h�u�m�a�n�s� �a�n�d� �a�n�i�m�a�l�s� �(�L�e�v�i�n�e�,� �1�9�8�7�)�.� 
�I�n� �t�h�e� �d�e�b�i�l�i�t�a�t�e�d� �o�r� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�e�d� �h�o�s�t� �o�r� 
�w�h�e�n� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �b�a�r�r�i�e�r�s� �a�r�e� �v�i�o�l�a�t�e�d�,� �n�o�r�m�a�l� 
�n�o�n�-�p�a�t�h�o�g�e�n�i�c� �s�t�r�a�i�n�s� �o�f� � �c�a�n� �c�a�u�s�e� 
�i�n�f�e�c�t�i�o�n�.� 

� �L�i�v�e�s�t�o�c�k� �a�r�e� �k�n�o�w�n� �t�o� �h�a�r�b�o�u�r� �n�o�t� �o�n�l�y� �s�t�r�a�i�n�s� 
�p�a�t�h�o�g�e�n�i�c� �t�o� �a�n�i�m�a�l�s� �b�u�t� �a�l�s�o� �s�t�r�a�i�n�s� �w�h�i�c�h� �c�a�u�s�e� 

�a�s�y�m�p�t�o�m�a�t�i�c� �i�n�f�e�c�t�i�o�n�s� �i�n� �a�n�i�m�a�l�s� �a�n�d� �w�h�i�c�h� �c�a�n� 
�p�a�s�s� �t�h�r�o�u�g�h� �t�h�e� �f�o�o�d� �c�h�a�i�n� �t�o� �c�a�u�s�e� �c�l�i�n�i�c�a�l� 
�d�i�s�e�a�s�e� �i�n� �m�a�n� �(�A�r�s�h�a�d� � �2�0�0�6�;� �S�m�i�t�h� � 
�2�0�0�9�)�.� �i�s�o�l�a�t�e�d� �f�r�o�m� �f�o�o�d� �a�n�i�m�a�l�s� 
�h�a�v�e� �s�h�o�w�n� �m�u�l�t�i�p�l�e� �d�r�u�g� �r�e�s�i�s�t�a�n�c�e� �t�o� �²�-�l�a�c�t�a�m�s�,� 
�i�n�c�l�u�d�i�n�g� �e�x�p�a�n�d�e�d�-�s�p�e�c�t�r�u�m� �c�e�p�h�a�l�o�s�p�o�r�i�n�s�,� 
�a�m�i�n�o�g�l�y�c�o�s�i�d�e�s�,� �s�u�l�p�h�o�n�a�m�i�d�e�s�,� �t�e�t�r�a�c�y�c�l�i�n�e�s� 
�a�n�d� �f�l�u�o�r�o�q�u�i�n�o�l�o�n�e�s� �(�B�r�a�d�f�o�r�d� �.�,� �1�9�9�9�)�.� 
�T�h�e�s�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �m�u�l�t�i�p�l�e� �d�r�u�g� �r�e�s�i�s�t�a�n�c�e� 
�c�o�u�p�l�e�d� �w�i�t�h� �v�i�r�u�l�e�n�c�e� �h�a�v�e� �p�o�s�e�d� �a�n� �i�n�c�r�e�a�s�i�n�g� 
�t�h�r�e�a�t� �t�o� �s�u�c�c�e�s�s�f�u�l� �t�r�e�a�t�m�e�n�t� �o�f� �r�e�l�a�t�e�d� 
�v�e�t�e�r�i�n�a�r�y� �d�i�s�e�a�s�e�s�.� 

�S�h�e�e�p� �a�n�d� �g�o�a�t� �m�e�a�t� �c�a�n� �t�r�a�n�s�m�i�t� �i�n�f�e�c�t�i�o�n�s� �a�n�d� 
�d�i�s�e�a�s�e�s� �e�i�t�h�e�r� �t�h�r�o�u�g�h� �h�a�n�d�l�i�n�g� �d�u�r�i�n�g� 
�p�r�e�p�a�r�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �o�r� �a�s� �a� �r�e�s�u�l�t� �o�f� �i�n�g�e�s�t�i�o�n� 
�b�y� �t�h�e� �c�o�n�s�u�m�e�r�.� �T�h�e� �s�t�u�d�y� �s�e�e�k�s� �t�o� �p�r�o�v�i�d�e� 
�u�s�e�f�u�l� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� 
�p�r�o�f�i�l�e�,� �n�a�t�u�r�e� �o�f� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �v�i�r�u�l�e�n�c�e� �g�e�n�e�s� �i�n

� �f�r�o�m� �g�o�a�t�s� �a�n�d� �r�a�m�s� �i�n� �I�l�e�-�I�f�e�,� �S�o�u�t�h�w�e�s�t�,� 
�N�i�g�e�r�i�a�.
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MATERIALS AND METHODS

Collection of  Samples and Isolation of
Escherichia coli
�R�e�c�t�a�l� �s�w�a�b�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� 
�g�o�a�t�s� �a�n�d� �r�a�m�s� �w�i�t�h� �t�h�e� �a�i�d� �o�f� �s�t�e�r�i�l�e� �s�w�a�b� �s�t�i�c�k� 
�w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �i�m�m�e�d�i�a�t�e�l�y� �t�o� �t�h�e� �l�a�b�o�r�a�t�o�r�y� 
�f�o�r� �b�a�c�t�e�r�i�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� 
�c�u�l�t�u�r�e�d� �b�y� �s�t�r�e�a�k�i�n�g� �o�n� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r� 
�(�O�x�o�i�d�,� �L�t�d�,� �U�K�)� �p�l�a�t�e�s� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �f�o�r� 
�2�4� �h�.� �D�i�s�t�i�n�c�t� �c�o�l�o�n�i�e�s� �s�h�o�w�i�n�g� �g�r�e�e�n� �m�e�t�a�l�l�i�c� 
�s�h�e�e�n� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� � � �a�n�d� �t�h�e� �i�d�e�n�t�i�t�y� 
�c�o�n�f�i�r�m�e�d� �b�y� �v�a�r�i�o�u�s� �b�i�o�c�h�e�m�i�c�a�l� �t�e�s�t�s� 
�(�C�h�e�s�b�r�o�u�g�h�,� �2�0�0�0�)�.

Antibiotic Susceptibility of  Isolates
�T�h�e� �a�n�t�i�b�i�o�t�i�c� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�e�s�t�i�n�g� �o�f� �i�s�o�l�a�t�e�s� �w�a�s� 
�d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �d�i�s�c� �d�i�f�f�u�s�i�o�n� �m�e�t�h�o�d� �o�n� 
�M�ü�l�l�e�r�-�H�i�n�t�o�n� �a�g�a�r� �(�H�I�M�E�D�I�A� �L�a�b�.� �L�t�d� 
�V�a�d�h�a�n�i�)�a�c�c�o�r�d�i�n�g� �t�o� �C�l�i�n�i�c�a�l� �L�a�b�o�r�a�t�o�r�y� 
�S�t�a�n�d�a�r�d� �I�n�s�t�i�t�u�t�e�(�2�0�1�2�)�.� �T�h�e� �a�n�t�i�b�i�o�t�i�c� �d�i�s�k�s� 
�(�A�b�t�e�k� �B�i�o�l�o�g�i�c�a�l�s�,� �U�K�)� �a�n�d� �t�h�e�i�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 
�(�i�n� �¼�g�)� �u�s�e�d� �i�n�c�l�u�d�e� �a�u�g�m�e�n�t�i�n� �(�3�0�)�,� 
�n�i�t�r�o�f�u�r�a�n�t�o�i�n� �(�2�0�0�)�,� �c�e�f�t�r�i�a�z�o�n�e� �(�3�0�)�,� 
�c�o�t�r�i�m�o�x�a�z�o�l�e� �(�2�5�)�,� �o�f�l�o�x�a�c�i�n� �(�5�)�,� �a�m�o�x�i�c�i�l�l�i�n� �(�2�5�)�,� 
�c�i�p�r�o�f�l�o�x�a�c�i�n� �(�1�0�)�,� �t�e�t�r�a�c�y�c�l�i�n�e� �(�3�0�)�,� �p�e�r�f�l�o�x�a�c�i�n� 
�(�3�0�)�,� �g�e�n�t�a�m�i�c�i�n� �(�1�0�)�,� �c�h�l�o�r�a�m�p�h�e�n�i�c�o�l� �(�3�0�)�,� 
�s�p�a�r�f�l�o�x�a�c�i�n� �(�1�0�)� �a�n�d� �s�t�r�e�p�t�o�m�y�c�i�n� �(�3�0�)�.� �T�h�e� 
�a�n�t�i�b�i�o�t�i�c� �d�i�s�k�s� �w�e�r�e� �f�i�r�m�l�y� �p�l�a�c�e�d� �o�n� �s�t�e�r�i�l�e� 
�M�u�e�l�l�e�r�-�H�i�n�t�o�n� �a�g�a�r� �(�M�H�A�)� �p�l�a�t�e�s� �p�r�e�v�i�o�u�s�l�y� 
�s�e�e�d�e�d� �w�i�t�h� �a� �2�4� �h� �o�l�d� �c�u�l�t�u�r�e� �o�f� �t�h�e� �i�s�o�l�a�t�e� 

�6�(�1�0�C�F�U�/�m�l� �o�f� �0�.�5� �M�c�F�a�r�l�a�n�d� �S�t�a�n�d�a�r�d�)�.� �T�h�e� 
�o�p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�C� �f�o�r� �2�4� �h� �a�n�d� 

�d�i�a�m�e�t�e�r� �o�f� �z�o�n�e� �o�f� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �c�o�m�p�a�r�e�d� 
�(�C�l�i�n�i�c�a�l� �a�n�d� �L�a�b�o�r�a�t�o�r�y� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e�,� 
�2�0�1�2�)�. �A�T�C�C� �2�5�9�2�2� �w�a�s� �u�s�e�d� �a�s� 
�r�e�f�e�r�e�n�c�e� �i�s�o�l�a�t�e�.� �M�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� 
�(�M�A�R�)� �i�s�o�l�a�t�e�s� �w�e�r�e� �d�e�f�i�n�e�d� �a�s� �r�e�s�i�s�t�a�n�c�e� �t�o� 
�g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �t�w�o� �("e� �2�)� �c�l�a�s�s�e�s� �o�f� �t�h�e� 

�o�a�n�t�i�b�i�o�t�i�c�s� �t�e�s�t�e�d�.� �P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�C� 
�a�n�d� �t�h�e� �d�i�a�m�e�t�e�r� �o�f� �z�o�n�e� �o�f� �g�r�o�w�t�h� �i�n�h�i�b�i�t�i�o�n� �w�a�s� 
�m�e�a�s�u�r�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �m�i�l�l�i�l�i�t�e�r� �a�n�d� �i�n�t�e�r�p�r�e�t�e�d� 
�(�C�L�S�I�,� �2�0�1�2�)

Plasmid DNA Extraction in Escherichia coli
� �P�l�a�s�m�i�d� �p�r�o�f�i�l�e� �o�f� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� � �t�h�a�t� �w�e�r�e� 
�r�e�s�i�s�t�a�n�t� �t�o� �m�o�r�e� �t�h�a�n� �f�i�v�e� �a�n�t�i�b�i�o�t�i�c�s� �w�a�s� �c�a�r�r�i�e�d� 
�o�u�t� �u�s�i�n�g� �m�o�d�i�f�i�e�d� �a�l�k�a�l�i�n�e� �m�e�t�h�o�d� �o�f� �p�l�a�s�m�i�d� 
�e�x�t�r�a�c�t�i�o�n� �d�e�s�c�r�i�b�e�d� �b�y� �B�i�r�n�b�o�i�m� �a�n�d� �D�o�l�y� 
�(�1�9�7�9�)�.� � �P�l�a�s�m�i�d� �D�N�A� �b�a�n�d�s� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� 
�0�.�8�%� �a�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �v�i�s�u�a�l�i�z�e�d� �b�y� 

�u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �t�r�a�n�s�-�i�l�l�u�m�i�n�a�t�o�r� �a�n�d� 
�p�h�o�t�o�g�r�a�p�h�e�d� �w�i�t�h� �a� �L�e�i�c�a�f�l�e�x� �S�L�-�c�a�m�e�r�a�.

DNA Extraction in E coli 
�A�n� �o�v�e�r�n�i�g�h�t� �b�r�o�t�h� �c�u�l�t�u�r�e� �o�f� � �w�a�s� �p�r�e�p�a�r�e�d� 

�o�a�t� �3�7�C� �f�o�r� �2�4� �h�.� �T�h�i�s� �w�a�s� �v�o�r�t�e�x�e�d� �a�t� �h�i�g�h� �s�p�e�e�d� 
�t�o� �r�e�-�s�u�s�p�e�n�d� �t�h�e� �c�e�l�l�s�.� �O�n�e� �m�i�l�l�i�l�i�t�e�r� �o�f� �t�h�e� 
�v�o�r�t�e�x�e�d� �b�r�o�t�h� �c�u�l�t�u�r�e� �i�n� �a�n� �E�p�p�e�n�d�o�r�f� �t�u�b�e� �w�a�s� 
�c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�,�0�0�0�r�p�m� �f�o�r� �2� �m�i�n�.� �T�h�e� 
�s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�i�s�c�a�r�d�e�d� �a�n�d� �b�l�o�t�t�e�d� �d�r�y� �o�n� 
�p�a�p�e�r� �t�o�w�e�l�.� �O�n�e� �m�i�l�l�i�l�i�t�e�r� �o�f� �s�t�e�r�i�l�e� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� 
�w�a�s� �t�h�e�n� �a�d�d�e�d� �i�n�t�o� �t�h�e� �t�u�b�e�,� �v�o�r�t�e�x�e�d� �a�n�d� 
�c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�,�0�0�0� �r�p�m� �f�o�r� �5� �m�i�n�.� �T�h�e� 
�s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�i�s�c�a�r�d�e�d� �a�n�d� �2�0�0�µ�l� �o�f� �s�t�e�r�i�l�e� 
�d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �w�a�s� �a�d�d�e�d� �a�n�d� �v�o�r�t�e�x�e�d� �t�o� 

�o�h�o�m�o�g�e�n�i�z�e� �t�h�e� �p�e�l�l�e�t�s� �b�e�f�o�r�e� �b�o�i�l�i�n�g� �a�t� �1�0�0�C� �f�o�r� 
�1�0� �m�i�n� �a�f�t�e�r� �w�h�i�c�h� �t�h�e� �t�u�b�e� �w�a�s� �v�o�r�t�e�x�e�d� �a�g�a�i�n� 
�a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�,�0�0�0� �r�p�m� �f�o�r� �5� �m�i�n�.� �T�h�e� 
�s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a�n�o�t�h�e�r� �p�r�e�-
�l�a�b�e�l�l�e�d� �E�p�p�e�n�d�o�r�f� �t�u�b�e� �b�y� �g�e�n�t�l�e� �a�s�p�i�r�a�t�i�o�n� 
�u�s�i�n�g� �m�i�c�r�o�p�i�p�e�t�t�e� �a�n�d� �k�e�p�t� �i�n� �t�h�e� �r�e�f�r�i�g�e�r�a�t�o�r� �a�t� 

�o�4�C� �u�n�t�i�l� �n�e�e�d�e�d� �f�o�r� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� 
�(�P�C�R�)� �a�m�p�l�i�f�i�c�a�t�i�o�n�.

Molecular Detection of  Resistance (  
and ) Genes in E coli. 
�M�o�l�e�c�u�l�a�r� �d�e�t�e�c�t�i�o�n� �o�f� �r�e�s�i�s�t�a�n�c�e� �(�4�8�0� �b�p�)� 
�g�e�n�e� �i�n� �t�h�i�r�t�y� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �o�f� � �f�r�o�m� �r�a�m�s� 
�a�n�d� �g�o�a�t�s� �t�h�a�t� �w�e�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �b�e�t�a� �l�a�c�t�a�m� 
�a�n�t�i�b�i�o�t�i�c�s� �(�a�m�o�x�i�c�i�l�l�i�n� �a�n�d� �a�u�g�m�e�n�t�i�n�)� �w�a�s� 
�c�a�r�r�i�e�d� �o�u�t� � �b�y� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �u�s�i�n�g� 
�b�o�t�h� �f�o�r�w�a�r�d� �a�n�d� �r�e�v�e�r�s�e� �p�r�i�m�e�r�s� �(�T�a�b�l�e� �1�)�.� 

�A�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �D�N�A� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a� 
�v�o�l�u�m�e� �o�f� �2�5�µ�l� �o�f� �a� �P�C�R� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� 
�1�.�5�M�m� �M�g�C�l� �2�,� �1�.�0�µ�l� �o�f� �d�N�T�P�,� �0�.�2� �µ�l� �o�f� �p�r�i�m�e�r� �1�,� 
�0�.�2� �µ�l� �o�f� �p�r�i�m�e�r� �2�,� �1�.�5� �µ�l� �o�f� �g�e�n�o�m�i�c� �D�N�A� �a�n�d� 
�0�.�1�5� �µ�l� �o�f� �T�a�q� �p�o�l�y�m�e�r�a�s�e�.� �T�h�e� �t�h�e�r�m�o� �c�y�c�l�e�r� 
�(�E�p�p�e�n�d�o�r�f� �M�a�s�t�e�r�c�y�c�l�e�r�,� �U�S�A�)� �w�a�s� 
�p�r�o�g�r�a�m�m�e�d� �f�o�r� �o�p�t�i�m�u�m� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �w�a�s� 

�o�r�u�n� �a�s� �f�o�l�l�o�w�s�:� �a�n� �i�n�i�t�i�a�l� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� �9�5�C� �f�o�r� �5� 
�o�m�i�n�u�t�e�s�,� �3�5� �c�y�c�l�e�s� �o�f� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� �9�5�C� �f�o�r� �1� 

�o�m�i�n�,� �a�n�n�e�a�l�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �6�1�C� �f�o�r� �1� �m�i�n�,� 
�o�e�l�o�n�g�a�t�i�o�n� �a�t� �7�2�C� �f�o�r� �1� �m�i�n� �a�n�d� �f�i�n�a�l� �e�x�t�e�n�s�i�o�n� �a�t� 

�o�7�2�C� �f�o�r� �1�0� �m�i�n�.

�M�u�l�t�i�p�l�e�x� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �w�a�s� �u�s�e�d� �f�o�r� 
�t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �(�3�6�0� �b�p�)� �a�n�d� �(�1�5�8� �b�p�)� 
�g�e�n�e�s� �i�n� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�t� �i�s�o�l�a�t�e�s� �u�s�i�n�g� �t�h�e� 
�o�l�i�g�o�n�u�c�l�e�o�t�i�d�e� �p�r�i�m�e�r�s� �(�T�a�b�l�e� �1�)�.

Adefarakan et al.:� �P�r�e�v�a�l�e�n�c�e� �o�f� �A�n�t�i�b�i�o�t�i�c� �R�e�s�i�s�t�a�n�c�e� �a�n�d� �M�o�l�e�c�u�l�a�r� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 
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�T�h�e� �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �t�h�e�r�m�o� 
�c�y�c�l�e�r� �w�a�s� �s�e�t� �a�s� �f�o�l�l�o�w�s�:� �a�n� �i�n�i�t�i�a�l� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� 

�o�9�5�C� �f�o�r� �3� �m�i�n�u�t�e�s�,� �3�0� �c�y�c�l�e�s� �o�f� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� 
�o �0�9�5�C� �f�o�r� �3�0� �s�,� �a�n�n�e�a�l�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �5�5�C� �f�o�r� 

�o�3�0� �s�,� �e�l�o�n�g�a�t�i�o�n� �a�t� �7�2�C� �f�o�r� �3�0� �s� �a�n�d� �f�i�n�a�l� �e�x�t�e�n�s�i�o�n� 
�o�a�t� �7�2�C� �f�o�r� �1�0� �m�i�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �r�u�n� 

�b�y� �1�.�2�%� �a�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�l�o�n�g�s�i�d�e� �a� 
�1�0�0� �b�a�s�e� �p�a�i�r� �m�a�r�k�e�r� �a�n�d� �A�T�C�C� 
�2�5�9�2�2� �u�s�e�d� �a�s� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�.� �T�h�e� �a�m�p�l�i�f�i�e�d� 
�p�r�o�d�u�c�t�s� �w�e�r�e� �v�i�e�w�e�d� �u�s�i�n�g� �a�n� �u�l�t�r�a�v�i�o�l�e�t� �t�r�a�n�s�-
�i�l�l�u�m�i�n�a�t�o�r�.

Molecular Detection of  Virulence (  and 
) Genes in E coli isolates

�M�u�l�t�i�p�l�e�x� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �w�a�s� �u�s�e�d� �f�o�r� 
�t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �v�i�r�u�l�e�n�c�e� �( �a�n�d� 

�)� �g�e�n�e�s� �i�n� �t�h�e� �t�h�i�r�t�y� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s � �u�s�i�n�g� 
�t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �p�r�i�m�e�r�s� �(�T�a�b�l�e� �1�)�.� �A�m�p�l�i�f�i�c�a�t�i�o�n� 
�r�e�a�c�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a� �2�5�µ�l� �o�f� �a� �P�C�R� 
�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �1�.�5�m�M� �M�g�C�l�,� �2�.�5�µ�l� �2

�o�f� �P�C�R� �b�u�f�f�e�r� �1�.�0�m�M� �o�f� �e�a�c�h� �d�N�T�P�,� �a�n�d� �0�.�1�5�µ�l� 

�o�f� �T�a�q� �p�o�l�y�m�e�r�a�s�e� �0�.�2�p�M�o�l� �o�f� �e�a�c�h� �p�r�i�m�e�r� �b�o�t�h� 
�r�e�v�e�r�s�e� �a�n�d� �f�o�r�w�a�r�d�,� �a�n�d� �1�.�5�µ�l� �o�f� �t�h�e� �D�N�A� 
�s�a�m�p�l�e�.

�T�h�e� �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� 
�t�h�e�r�m�o�c�y�c�l�e�r� �(�E�p�p�e�n�d�o�r�f� �M�a�s�t�e�r�c�y�c�l�e�r�,� �U�S�A�)� 
�p�r�o�g�r�a�m�m�e�d� �f�o�r� �o�p�t�i�m�u�m� �c�o�n�d�i�t�i�o�n�s� �w�a�s� �s�e�t� �a�s� 

�o�f�o�l�l�o�w�s�:� �a�n� �i�n�i�t�i�a�l� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� �9�5�C� �f�o�r� �5� �m�i�n�,� 
�o�3�5� �c�y�c�l�e�s� �o�f� �d�e�n�a�t�u�r�a�t�i�o�n� �a�t� �9�5�C� �f�o�r� �1�.�5�m�i�n�,� 

�o�a�n�n�e�a�l�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �6�0�C� �f�o�r� �1�.�5� �m�i�n�,� 
�o�e�l�o�n�g�a�t�i�o�n� �a�t� �7�2�C� �f�o�r� �1�.�5� �m�i�n� �a�n�d� �f�i�n�a�l� �e�x�t�e�n�s�i�o�n� 

�o�a�t� �7�2�C� �f�o�r� �1�0� �m�i�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �r�u�n� 
�b�y� �1�.�2�%� �a�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�l�o�n�g�s�i�d�e� �a� 
�1�0�0� �b�a�s�e� �p�a�i�r� �m�a�r�k�e�r� �a�n�d� �A�T�C�C� 
�2�5�9�2�2� �u�s�e�d� �a�s� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�.� �T�h�e� �a�m�p�l�i�f�i�e�d� 
�p�r�o�d�u�c�t�s� �w�e�r�e� �v�i�e�w�e�d� �u�s�i�n�g� �a�n� �U�l�t�r�a�v�i�o�l�e�t� �t�r�a�n�s�-
�i�l�l�u�m�i�n�a�t�o�r�.

Statistical Analysis    
�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �a�n�t�i�b�i�o�t�i�c�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� 

Table 1.� �P�r�i�m�e�r� �s�e�t�s� �u�s�e�d� �f�o�r� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �v�i�r�u�l�e�n�c�e� �g�e�n�e�s

�P�r�i�m�e�r
� 

�T�a�r�g�e�t� 
�g�e�n�e� �A�m�p�l�i�c�o�n� � 

�(�b�p�)� �R�e�f�e�r�e�n�c�e
� 

�F�o�r�w�a�r�d �-

�5 ��A�T�G�T�G�C�A�G�Y�A�C�C�A�G�T�A�A�R�G�T�K�A�T�G�G�C�3 �� 

�R�e�v�e�r�s�e�-
�5 ��T�G�G�G�T�R�A�A�R�T�A�R�G�T�S�A�C�C�A�G�A�A�T�C�A�G�C�G�G

�3 �� 

� �4�8�0� �M�u�l�v�e�y� 
� �(�2�0�0�3�)� 

�F�o�r�w�a�r�d�- �5 ��G�T�A�G�C�G�A�C�A�A�T�A�G�G�T�A�A�T�A�G�T�3 �� 
�R�e�v�e�r�s�e�- �5 ��G�T�A�G�T�G�A�C�A�A�T�A�A�A�C�A�T�C�C�T�A�3 �� 

� �3�6�0� � �S�t�r�o�m�m�e�g
�e�r� � 
�(�2�0�0�3�)� 

�F�o�r�w�a�r�d�- �5 ��A�G�T�G�G�A�G�C�G�A�T�T�A�C�A�G�A�A�3 �� 
�R�e�v�e�r�s�e�- �5 ��C�A�T�A�T�G�T�C�C�T�G�G�C�G�T� �T�A�3 �� 

� �1�5�8� �S�t�r�o�m�m�e�g
�e�r� � 
�(�2�0�0�3�)� 

�F�o�r�w�a�r�d�-
�5 ��T�C�A�A�T�G�C�A�G�T�T�C�C�G�T�T�A�T�C�A�G�T�T�3 �� 
�R�e�v�e�r�s�e �-
�5 ��G�T�A�A�A�G�T�C�C�G�T�T�A�C�C�C�C�A�A�C�C�T�G�3 �� 

� �4�8�2� �V�i�d�a� 
�(�2�0�0�5�)� 

�F�o�r�w�a�r�d�-
�5 ��C�A�G�T�T�A�A�T�G�T�G�G�T�G�G�C�G�A�A�G�G�3 �� 

�R�e�v�e�r�s�e�- �5 ��C�A�C�C�A�G�A�C�A�A�T�G�T�A�A�C�C�G�C�T�G�3 �

� �3�8�4� �C�e�b�u�l�a� 
� �(�1�9�9�5�)� 
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Results
�O�n�e� �h�u�n�d�r�e�d� �a�n�d� �s�i�x�t�y�-�s�i�x� �c�o�m�p�r�i�s�i�n�g� �9�6� 
�(�5�7�.�8� �%�)� �f�r�o�m� �r�a�m�s� �a�n�d� �7�0� �(�4�2�.�2� �%�)� �f�r�o�m� �g�o�a�t�s� 
�w�e�r�e� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �4�0�0� �s�t�o�o�l� �s�a�m�p�l�e�s� �a�n�a�l�y�z�e�d�.� 
�T�h�e� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �t�h�e� �i�s�o�l�a�t�e�s� �f�r�o�m� �r�a�m�s� �a�n�d� 
�g�o�a�t�s� �t�o� �v�a�r�i�o�u�s� �a�n�t�i�b�i�o�t�i�c�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.� 
�T�h�e� �h�i�g�h�e�s�t� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �r�e�c�o�r�d�e�d� �a�g�a�i�n�s�t� 
�n�i�t�r�o�f�u�r�a�n�t�o�i�n�i�n� �i�s�o�l�a�t�e�s� �f�r�o�m� �r�a�m� �(�9�7�%�)� �a�n�d� �g�o�a�t� 
�(�7�1�%�)�.� �T�h�e� �r�e�s�i�s�t�a�n�c�e� �t�o� �c�e�f�t�r�i�a�z�o�n�e�,� �a�m�o�x�i�c�i�l�l�i�n�,� 
�o�f�l�o�x�a�c�i�n�,� �s�t�r�e�p�t�o�m�y�c�i�n� �a�n�d� �c�e�f�t�r�i�a�z�o�n�e� �w�a�s� �m�o�r�e� 

�p�r�o�n�o�u�n�c�e�d� �i�n� � �f�r�o�m� �r�a�m�s� �t�h�a�n� �i�n� �g�o�a�t�s�.� 
�H�o�w�e�v�e�r�,� �f�r�o�m� �g�o�a�t�s� �w�e�r�e� �f�r�e�q�u�e�n�t�l�y� 
�r�e�s�i�s�t�a�n�t� �t�o� �c�i�p�r�o�f�l�o�x�a�c�i�n�,� �a�u�g�m�e�n�t�i�n�,� �g�e�n�t�a�m�i�c�i�n�,� 
�p�e�f�l�o�x�a�c�i�n� �a�n�d� �c�o�t�r�i�m�o�x�a�z�o�l�e�.� �R�e�s�i�s�t�a�n�c�e� �t�o� 
�f�l�u�o�r�o�q�u�i�n�o�l�o�n�e� �b�y� �t�h�e� �i�s�o�l�a�t�e�s� �w�a�s� �g�e�n�e�r�a�l�l�y� �l�o�w�.� 
�I�s�o�l�a�t�e�s� �f�r�o�m� �g�o�a�t�s� �w�e�r�e� �l�e�a�s�t� �r�e�s�i�s�t�a�n�t� �t�o� 
�o�f�l�o�x�a�c�i�n�.� �T�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �s�t�a�t�i�s�t�i�c�a�l� 
�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �o�f� �t�h�e� � 
�s�t�r�a�i�n�s� �f�r�o�m� �t�h�e� �t�w�o� �a�n�i�m�a�l�s� �(�P�=�0�.�9�4�0�4�,� �t� �=� 
�0�.�0�7�6�3�5�)�.

�T�a�b�l�e� �2�:� �A�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �p�r�o�f�i�l�e� �o�f� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �f�r�o�m� �r�a�m�s� �a�n�d� �g�o�a�t�s

Antibiotics 

 (�µ�g�) 

Number of  Resistant Isolates 

n (%) 

Rams Goats 

�C�h�l�o�r�a�m�p�h�e�n�i�c�o�l� �(�3�0�)� �1�3� �(�1�3�.�5�4�)� �1�1� �(�1�5�.�7�1�)� 

�S�p�a�r�f�l�o�x�a�c�i�n�(�1�0�)� �1�9� �(�1�9�.�7�9�)� �1�1� �(�1�5�.�7�1�)� 

�C�i�p�r�o�f�l�o�x�a�c�i�n� �(�1�0�)� �1�0� �(�1�0�.�4�2�)� �1�1� �(�1�5�.�7�1�)� 

�A�m�o�x�i�c�i�l�l�i�n� �(�3�0�)� � �6�7� �(�6�9�.�7�9�)� �9� �(�1�2�.�8�6�)� 

�A�u�g�m�e�n�t�i�n� �(�3�0�)� �2�8� �(�2�9�.�1�7�)� �4�9� �(�7�0�.�0�)� 

�G�e�n�t�a�m�i�c�i�n� �(�1�0�)� �2�1� �(�2�1�.�8�8�)� �5�9� �(�8�4�.�2�8�)� 

�P�e�f�l�o�x�a�c�i�n�(�3�0�)� �6� �(�6�.�2�5�)� �1�9� �(�2�7�.�1�4�)� 

�O�f�l�o�x�a�c�i�n�(�1�0�)� �1�5� �(�1�5�.�6�3�)� �1� �(�1�.�4�3�)� 

�S�t�r�e�p�t�o�m�y�c�i�n� �(�3�0�)� �1�6� �(�1�6�.�6�7�)� �2� �(�2�.�8�6�)� 

�C�e�f�t�r�i�a�z�o�n�e� �(�3�0�)� �9�5� �(�9�8�.�9�6�)� �1�1� �(�1�5�.�7�1�)� 

�N�i�t�r�o�f�u�r�a�n�t�o�i�n�(�2�0�0�)� �9�5� �(�9�7�.�0�)� �6�7� �(�9�5�.�7�1�)� 

�C�o�t�r�i�m�o�x�a�z�o�l�e� �(�2�5�)� �6�2� �(�6�4�.�5�8�)� �6�6� �(�9�4�.�2�9�)� 

�T�e�t�r�a�c�y�c�l�i�n�e� �(�3�0�)� �8�7� �(�9�0�.�6�3�)� �6�4� �(�9�1�.�4�3�)� 

�T�a�b�l�e�s� �3� �a�n�d� �4� �s�h�o�w� �t�h�e� �m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� 
�r�e�s�i�s�t�a�n�c�e� �p�a�t�t�e�r�n�s� �o�f� �f�r�o�m� �r�a�m�s� �a�n�d� �g�o�a�t�s�.� 
�M�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �d�e�f�i�n�e�d� �a�s� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �a�t� �l�e�a�s�t� �t�w�o� �o�r� �m�o�r�e� �d�i�f�f�e�r�e�n�t� �c�l�a�s�s�e�s� 

�o�f� �a�n�t�i�b�i�o�t�i�c�s�.� �I�n� �t�h�e� �s�t�u�d�y�,� �8�2� �(�8�5�.�4�%�)� �o�f� � 
�f�r�o�m� �r�a�m�s� �a�n�d� �6�1� �(�8�7�.�1�%�)� �f�r�o�m� �g�o�a�t�s� �w�e�r�e� 
�r�e�s�i�s�t�a�n�t� �t�o� �m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c�s� �w�h�i�c�h� �r�a�n�g�e�d� 
�f�r�o�m� �2� �t�o� �6� �d�i�f�f�e�r�e�n�t� �c�l�a�s�s�e�s� �o�f� �a�n�t�i�b�i�o�t�i�c�s�.
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�A�U�G�-�a�u�g�m�e�n�t�i�n�,� �N�I�T�-�n�i�t�r�o�f�u�r�a�n�t�o�i�n�,� �C�O�T�-�c�o�t�r�i�m�o�x�a�z�o�l�e�,�O�F�X�-�o�f�l�o�x�a�c�i�n�,� �A�M�X�-�a�m�o�x�i�c�i�l�l�i�n�,� �C�P�X�-
�c�i�p�r�o�f�l�o�x�a�c�i�n�,� �T�E�T�-�t�e�t�r�a�c�y�c�l�i�n�e�,� �P�E�F�-�p�e�r�f�l�o�x�a�c�i�n�,� �G�E�N�-�g�e�n�t�a�m�i�c�i�n�,� �C�H�-�c�h�l�o�r�a�m�p�h�e�n�i�c�o�l�,� �S�P�A�-
�s�p�a�r�f�l�o�x�a�c�i�n�,� �S�T�R�-� �s�t�r�e�p�t�o�m�y�c�i�n�.

Table 3.  �M�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� �p�a�t�t�e�r�n� �o�f� � �i�s�o�l�a�t�e�s� �f�r�o�m� �r�a�m�s

Number of  antibiotic 

classes

 
MAR patterns Number of  Isolates (%)

�2 �S�T�R�,� �T�E�T

� 

�1�(�1�.�2�)

� 

�O�F�X�,� �T�E�T

� 

�A�M�X�,� �N�I�T

� 

�A�U�G�,� � �N�I�T

� 
�2�(�2�.�4�)

� 

�1�(�1�.�2�)

� 

�3�(�3�.�6�)

� 

�3

� 

�G�E�N�,� �P�E�F�,� �T�E�T

� 

�1�(�1�.�2�)

� 

�A�M�X�,

� 
�S�P�A�,

� 
�T�E�T

� 
�1�(�1�.�2�)

� 

�A�M�X�,� �O�F�X�,� �T�E�T
� 

�4�(�4�.�9�)
� 

�A�M�X�,� �N�I�T�,� �T�E�T
� 

�1�(�1�.�2�)
� 

�A�M�X�,� �C�O�T�,� �T�E�T
� 

�A�M�X�,� �N�I�T�,� �T�E�T
� 

�A�U�G�,� � �N�I�T�,� �T�E�T� 

�A�M�X�,� �G�E�N�,� �N�I�T� 

�1�(�1�.�2�)
� 

�1�5�(�1�8�.�3�)
� 

�3�(�3�.�6�5�)� 

�1�(�1�.�2�)� 

�4 �A�M�X�,�O�F�X�,� �S�T�R�,� �T�E�T� �1�(�1�.�2�)� 

�A�M�X�,� �C�H�,� �O�F�X�,� �T�E�T� �4�(�4�.�9�)� 

�C�P�X�,� �S�P�A�,� �S�T�R�,� �T�E�T� �1�(�1�.�2�)� 
�A�M�X�,� �N�I�T�,� �C�O�T�,� �T�E�T� 
�A�M�X�,� �G�E�N�,� �N�I�T�,� �T�E�T� 
�A�U�G�,� � �N�I�T�,� �C�O�T�,� �T�E�T

� 
�A�M�X�,�C�P�X�,� �N�I�T�,� �C�O�T

� 

�1�2�(�1�4�.�6�)� 
�1�(�1�.�2�)� 
�4�(�4�.�9�)

� 
�1�(�1�.�2�)

� 
�5 �A�M�X�,

� 
�C�H�,� �O�F�X�,� �S�T�R�,� �T�E�T

� �A�M�X�,� �C�O�T�,� �G�E�N�,
� 
�N�I�T�,

� 
�T�E�T

� �A�M�X�,� �C�O�T�,� �C�P�X�,� �N�I�T�,

� 
�T�E�T

� �A�M�X�,� �G�E�N�,� �O�F�X�,� �N�I�T�,� �T�E�T

� �A�U�G�,� �C�O�T�,� �G�E�N�,� � �N�I�T�,�T�E�T

� 

�1�(�1�.�2�)
� �1�1�(�1�3�.�4�)

� �5�(�6�.�1�)

� �1�(�1�.�2�)

� �2�(�2�.�4�)

� �6 �A�M�X�,

� 

�C�O�T�,� �G�E�N�,� �P�E�F�,� �N�I�T�,� �T�E�T

� �A�M�X�,�C�P�X�,� �C�R�O�,� �G�E�N�,

� 

�N�I�T�,� �T�E�T

� 

�1�(�1�.�2�)

� �3�(�3�.�6�)

� 
� 
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Table 4. �M�u�l�t�i�p�l�e� �A�n�t�i�b�i�o�t�i�c� �R�e�s�i�s�t�a�n�c�e� �P�a�t�t�e�r�n�s� �o�f� � �I�s�o�l�a�t�e�s� �i�n� �G�o�a�t

�A� �s�i�n�g�l�e� �l�a�r�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�l�a�s�m�i�d� �o�f� �2�3�.�1�3� 
�k�b� �w�a�s� �h�a�r�b�o�u�r�e�d� �b�y� �f�r�o�m� �r�a�m�s� �(�1�1�)� �a�n�d
�o�a�t�s� �(�8�)�.� �H�o�w�e�v�e�r�,� �m�u�l�t�i�p�l�e� �p�l�a�s�m�i�d�s� �o�f� �l�a�r�g�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �w�e�r�e� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �o�n�l�y� �o�n�e� 
�i�s�o�l�a�t�e� �o�f� �g�o�a�t� �(�T�a�b�l�e� �5�)�.� �P�l�a�t�e�s� �1�a� �a�n�d� �b� �s�h�o�w� 
�a�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �o�f� �p�l�a�s�m�i�d�s� �i�n� 
�m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� �.

Number of  antibiotic 

classes
 

MAR patterns
 

Number of  isolates (%)
 

�2
� 

�O�F�X�,� �T�E�T
� 

�1�(�1�.�6�3�)
� 

�C�P�X�,� �S�X�T
� 

�1�(�1�.�6�3�)
� 

�C�O�T�,� �S�P�A
� 

�A�M�X�,� �N�I�T
� 

�A�M�X�,� �T�E�T
� 

�1�(�1�.�6�3�)
� 

�3�(�4�.�9�1�)
� 

�3�(�4�.�9�1�)
� 

�3� �A�M�X�,� �N�I�T�,� �T�E�T� 

�A�U�G�,� � �N�I�T�,� �T�E�T� 

�A�M�X�,� �C�O�T�,� �T�E�T� 

�A�M�X�,� �C�O�T�,� �N�I�T� 

�1�5�(�2�4�.�6�)� 

�6� �(�9�.�8�3�)� 

�1� �(�1�.�6�3�)� 

�1� �(�1�.�6�3�)� 

�4� �A�M�X�,�C�P�X�,� �N�I�T�,� �T�E�T� �1�(�1�.�6�3�)� 

�A�M�X�,� �C�O�T�,� �G�E�N�,� �N�I�T� 

�A�U�G�,� �G�E�N�,� � �N�I�T�,� �T�E�T� 

�A�M�X�,� �C�O�T�,� �N�I�T�,� �T�E�T� 

�1� �(�1�.�6�3�)� 

�1�(�1�.�6�3�)� 

�7�(�1�1�.�5�)� 

�A�M�X�,� �G�E�N�,� �N�I�T�,� �T�E�T� �3�(�4�.�9�1�)� 
�C�P�X�,� �N�I�T�,� �S�P�A�,� �T�E�T� �1� �(�1�.�6�3�)� 
�A�U�G�,� �C�O�T�,� �N�I�T�,� �T�E�T� �1�(�1�.�6�3�)� 

�5� �A�M�X�,�C�P�X�,� �C�O�T�,�N�I�T�,� �T�E�T� �1�(�1�.�6�3�)� 
�A�M�X�,� �C�O�T�,� �G�E�N�,� � �N�I�T�,� �T�E�T� �4�(�6�.�5�5�)� 
�A�M�X�,� �C�O�T�,� �G�E�N�,� �N�I�T�,

� 
�T�E�T

� 
�A�M�X�,� �G�E�N�,� �P�E�F�,� �N�I�T�,� �T�E�T

� 

�1�(�1�.�6�3�)
� 

�1�(�1�.�6�3�)
� 

�6
� 

�A�M�X�,�C�O�T�,�C�P�X�,� �G�E�N�,� �N�I�T�,� 

�T�E�T
� 

�6�(�9�.�8�3�)
� 

�A�M�X�,� �C�O�T�,�G�E�N�,� �O�F�X�,� �N�I�T�,� 

�T�E�T
� 

�1�(�1�.�6�3�)
� 

�A�U�G�-�a�u�g�m�e�n�t�i�n�,� �N�I�T�-�n�i�t�r�o�f�u�r�a�n�t�o�i�n�,� �C�O�T�-�c�o�t�r�i�m�o�x�a�z�o�l�e�,� �O�F�X�-�o�f�l�o�x�a�c�i�n�,� �A�M�X�-�a�m�o�x�i�c�i�l�l�i�n�,� 
�C�P�X�-�c�i�p�r�o�f�l�o�x�a�c�i�n�,� �T�E�T�-�t�e�t�r�a�c�y�c�l�i�n�e�,� �P�E�F�-�p�e�r�f�l�o�x�a�c�i�n�,� �G�E�N�-�g�e�n�t�a�m�i�c�i�n�,� �C�H�-�c�h�l�o�r�a�m�p�h�e�n�i�c�o�l�,� 
�S�P�A�-�s�p�a�r�f�l�o�x�a�c�i�n�,� �S�T�R�-� �s�t�r�e�p�t�o�m�y�c�i�n� 
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Table 5. �P�l�a�s�m�i�d� �P�r�o�f�i�l�e� �o�f� �t�h�e� � �I�s�o�l�a�t�e�s� �i�n� �R�a�m�s� �a�n�d� �G�o�a�t�s

 isolates  Number of  Plasmid  

observed  

Estimated molecular              

sizes of  plasmid  (kb) 

observed  

�R�a�m� �L�1�-�R�1 � �1 � �2�3�.�1�3 � 

 

� �L�2�-�R�2 � �1 � �2�3�.�1�3 � 

� 
�L�3�-�R�3

� 
�1

� 
�2�3�.�1�3

� 

� 
�L�4�-�R�4

� 
�-

� 
�-

� 

� 
�L�5�-�R�5

� 
�1

� 
�2�3�.�1�3

� 

� 
�L�6�-�R�6

� 
�-

� 
�-

� 

� 
�L�7�-�R�7

� 
�1

� 
�2�3�.�1�3

� 

� 
�L�8�-�R�8

� 
�-

� 
�-

� 

� � � 
�L�9�-�R�9

� 
�1

� 
�2�3�.�1�3

� 

� 

�L�1�0�-�R�1�0

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�1�1�-�R�1�1

� 

�-

� 

�-

� 

� 

�L�1�2�-�R�1�2

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�1�3�-�R�1�3

� 

�-

� 

�-

� 

� 

�L�1�4�-�R�1�4

� 

�-

� 

�-

� 

� 

�L�1�5�-�R�1�5

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�1�6�-�R�1�6

� 

�-

� 

�-

� 

� 

�L�1�7�-�R�1�7

� 

�-

� 

�-

� 

� 

�L�1�8�-�R�1�8

� 

�-

� 

�-

� 

� 

�L�1�9�-�R�1�9

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�0�-�R�2�0

� 

�1

� 

�2�3�.�1�3

� 
�G�o�a�t

� 

�L�2�1�-�G�1

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�2�-�G�2

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�3�-�G�3

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�4�-�G�4

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�5�-�G�5

� 

�1

� 

�2�3�.�1�3

� 

� 

�L�2�6�-�G�6

� 

�1

� 

�2�3�.�1�3

� 

�L�2�7�-�G�7 �1 �2�3�.�1�3

�L�2�8�-�G�8 �3 �3�0�.�8�4�,� �2�3�.�1�3�,� �9�.�4�1

�L�2�9�-�G�9� �1 � �2�3�.�1�3 � 
�L�3�0�-�G�1�0

� 
�-

� 
�-

� 
�L�3�1�- �A�T�C�C� �2�5�9�2�2�- �-
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�P�l�a�t�e�1�a�.�A�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �o�f� �p�l�a�s�m�i�d�s� �i�n� �m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� �i�s�o�l�a�t�e�d�f�r�o�m� �f�a�e�c�e�s� 
�o�f� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s� �a�n�d� �g�o�a�t�s�.
�L�a�n�e� �M�=�D�N�A� �m�a�r�k�e�r� �(�H�I�N�D� �I�I�I� �d�i�g�e�s�t) �L�a�n�e� �1�=�R�1�,� �L�a�n�e� �2�=�R�2�,� �L�a�n�e� �3�=�R�3�,� �L�a�n�e� �4� �=�R�4�,� �L�a�n�e� �5�=�R�5�,� �L�a�n�e� 
�6�=�R�6�,� �L�a�n�e� �7� �=�R�7� �L�a�n�e� �8�=�R�8�,� �L�a�n�e� �9�=�R�9�,� �L�a�n�e� �1�0�=�R�1�0�,� �L�a�n�e� �1�1�=� �R�1�1�,� �L�a�n�e� �1�2� �=�R�1�2�,� �L�a�n�e� �1�3�=�R�1�3� �L�a�n�e� 
�1�4�=�R�1�4�,� �L�a�n�e� �1�5�=�R�1�5�,� �L�a�n�e� �1�6�=�R�1�6�,� �L�a�n�e� �1�7�=�R�1�7�,� �L�a�n�e� �1�8�=�R�1�8�,

� � � � � � � � � � �M� � � � � � � �1�9� � � � � �2�0� � � � � � �2�1� � � � �2�2� � � � �2�3� � � � � � �2�4� � � � �2�5� � � �2�6� � � � � �2�7� � � � � �2�8� � � � � � � �2�9� � � � � � � �3�0� � � � � �3�1

� 

�2�3�1�3�0

�6�5�5�7
�9�4�1�6

�P�l�a�t�e� �1�b�.� �A�g�a�r�o�s�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �o�f� �p�l�a�s�m�i�d�s� �i�n� �m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� �f�r�o�m� �f�a�e�c�e�s� �o�f� 
�a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s� �a�n�d� �g�o�a�t�s
� �L�a�n�e� �M�=�D�N�A� �m�a�r�k�e�r� �(�H�I�N�D� �I�I�I� �d�i�g�e�s�t)�,� �L�a�n�e�1�9� �=� �R�1�9� �L�a�n�e� �2�0� �=� �R�2�0�,� �L�a�n�e� �1�=�G�1�,� �L�a�n�e� �2� �=� �G�2�,� �L�a�n�e� �3� 
�=�G�3�,� � � �L�a�n�e� �4� �=� �G�4�,� �L�a�n�e� �5�=�G�5� �L�a�n�e� �6�=� �G�6�,� �L�a�n�e� �7�=�G�7�,� �L�a�n�e� �8�=� �G�8�,� �L�a�n�e� �9�=�G�9�,� � � �L�a�n�e� �1�0�=�G�1�0�,� �L�a�n�e� 
�3�1�= �A�T�C�C�C�2�5�9�2�2�,� �R�-�i�s�o�l�a�t�e� �f�r�o�m� �r�a�m�,� �G�-�i�s�o�l�a�t�e� �f�r�o�m� �g�o�a�t
�P�l�a�t�e�s� �2�-�5� �s�h�o�w� �t�h�e� �r�e�s�u�l�t�s� �o�f� �P�C�R� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�e�s� �o�f� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �v�i�r�u�l�e�n�c�e� �g�e�n�e�s� �i�n� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� 
�f�r�o�m� �r�a�m�s� �a�n�d� �g�o�a�t�s�.� �T�h�e� �r�e�s�i�s�t�a�n�c�e� �( �(�4�8�0� �b�p�)�)� �g�e�n�e� �w�a�s� �f�o�u�n�d� �i�n� �o�n�l�y� �t�h�r�e�e� �i�s�o�l�a�t�e�s� �f�r�o�m� �r�a�m�s� �(�P�l�a�t�e� 
�2�)�.� �H�o�w�e�v�e�r�,�a�l�l� �t�h�e� �3�0� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �i�s�o�l�a�t�e�s� �p�r�o�f�i�l�e�d� �d�i�d� �n�o�t� �c�o�n�t�a�i�n� �(�P�l�a�t�e� �3�) �(�P�l�a�t�e� 
�4 �a�n�d� �a�n�d� �(�P�l�a�t�e� �5�)
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�P�l�a�t�e� �2�.� �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� � �g�e�n�e� �i�n� � �i�s�o�l�a�t�e�d� �f�r�o�m� �f�e�a�c�e�s� �o�f� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s
�L�a�n�e� �M�=�1�0�0�b�p� �m�a�r�k�e�r�,� �L�a�n�e� �=�-�v�e�,� �L�a�n�e� �1�=�R�1�,� �L�a�n�e� �2�=�R�2�,� �L�a�n�e� �3�=�R�3�,� �L�a�n�e� �4� �=�R�4�,�L�a�n�e� �5�=�R�5�,� �L�a�n�e� �6�=�R�6�,� 
�L�a�n�e� �7� �=�R�7� �L�a�n�e� �8�=�R�8�,� � �L�a�n�e� �9�=�R�9�,� � �L�a�n�e� �1�0�=�R�1�0�,� � �L�a�n�e� �1�1�=� �R�1�1�,� �L�a�n�e� �1�2� �=�R�1�2�,� � �L�a�n�e� �1�3�=�R�1�3� �L�a�n�e� 
�1�4�=�R�1�4�,� �L�a�n�e� �1�5�=�R�1�5�,� �L�a�n�e� �1�6�=�R�1�6�,� �L�a�n�e� �1�7�=�R�1�7�,� �L�a�n�e� �1�8�=�R�1�8�,�R�-�i�s�o�l�a�t�e� �f�r�o�m� �r�a�m

�P�l�a�t�e� �3�.� �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �o�f � �(�1�5�8� �b�p�)� �g�e�n�e� �i�n� � �i�s�o�l�a�t�e�d� �f�r�o�m� �f�a�e�c�e�s� �o�f� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s� 
�a�n�d� �g�o�a�t�s
�L�a�n�e� �M�=�1�0�0�b�p� �m�a�r�k�e�r�,� �L�a�n�e� �N� �=�-�v�e� � �L�a�n�e� �1�=�R�1�,� �L�a�n�e� �2�=�R�2�,� �L�a�n�e� �3�=�R�3�,� �L�a�n�e� �4� �=�R�4�,� �L�a�n�e� �5�=�R�5�,� �L�a�n�e� �6�=�R�6�,� 
�L�a�n�e� �7� �=�R�7� �L�a�n�e� �8�=�R�8�,� � �L�a�n�e� �9�=�R�9�,� � �L�a�n�e� �1�0�=�R�1�0�,� � �L�a�n�e� �1�1�=� �R�1�1�,� �L�a�n�e� �1�2� �=�R�1�2�,� � �L�a�n�e� �1�3�=�R�1�3� �L�a�n�e� 
�1�4�=�R�1�4�,� �L�a�n�e� �1�5�=�R�1�5�,� �L�a�n�e� �1�6�=�R�1�6�,� �L�a�n�e� �1�7�=�R�1�7�,� �L�a�n�e� �1�8�=�R�1�8�,� �L�a�n�e�1�9�=� �R�1�9� �L�a�n�e� �2�0�=� �R�2�0�,� � � � �L�a�n�e� 
�2�1�=�G�1�,� �L�a�n�e� �2�2�=� �G�2�,� � � �L�a�n�e� �2�3� �=�G�3�,� � � �L�a�n�e� �2�4�=� �G�4�,� � �L�a�n�e� �2�5�=�G� �L�a�n�e� �2�6�=� �G�6�,� �L�a�n�e� �2�7�=�G�7�,� �L�a�n�e� �2�8�=� �G�8�,� 
�L�a�n�e�2� �9�=�G�9�,� �L�a�n�e� �3�0�=�G�1�0�,� �L�a�n�e� �3�1�= �A�T�C�C�C�2�5�9�2�2�,� �R�-�i�s�o�l�a�t�e� �f�r�o�m� �r�a�m�,� �G�-�i�s�o�l�a�t�e� �f�r�o�m� �g�o�a�t

�M�-�v�e�1�2� �3� � �4� �5� �6� �7� �8� �9� �1�0� �1�1� �1�2� �1�3� �1�4� �1�5� �1�6� �1�7� �1�8� �1�9� �2�0� �2�1� �2�2� �2�3� �2�4� �2�5� �2�6� �2�7� �2�8� �2�9� �3�0� �3�1� 
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�P�l�a�t�e� �4�.� �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �(�3�6�0� �b�p�)� �g�e�n�e� �i�n� � �i�s�o�l�a�t�e�d� �f�r�o�m� �f�a�e�c�e�s� �o�f� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s� 
�a�n�d� �g�o�a�t�s
�L�a�n�e� �M�=�1�0�0�b�p� �m�a�r�k�e�r�,� �L�a�n�e� �=�v�e�,� � �L�a�n�e� �1�=�R�1�,� �L�a�n�e� �2�=�R�2�,� �L�a�n�e� �3�=�R�3�,� �L�a�n�e� �4� �=�R�4�,� �L�a�n�e� �5�=�R�5�,� �L�a�n�e� �6�=�R�6�,� 
�L�a�n�e� �7� �=�R�7� �L�a�n�e� �8�=�R�8�,� � �L�a�n�e� �9�=�R�9�,� � �L�a�n�e� �1�0�=�R�1�0�,� � �L�a�n�e� �1�1�=� �R�1�1�,� �L�a�n�e� �1�2� �=�R�1�2�,� � �L�a�n�e� �1�3�=�R�1�3� �L�a�n�e� 
�1�4�=�R�1�4�,� �L�a�n�e� �1�5�=�R�1�5�,� �L�a�n�e� �1�6�=�R�1�6�,� �L�a�n�e� �1�7�R�1�7�,� �L�a�n�e� �1�8�=�R�1�8�,� �L�a�n�e�1�9�=� �R�1�9� �L�a�n�e� �2�0�=� �R�2�0�,� � � � �L�a�n�e� �2�1�=�G�1�,� 
�L�a�n�e�2�2�=� �G�2�,� � � �L�a�n�e� �2�3� �=�G�3�,� � � �L�a�n�e�2�4�=� �G�4�,� � �L�a�n�e� �2�5�=�G� �L�a�n�e� �2�6�=� �G�6�,� �L�a�n�e� �2�7�=�G�7�,� �L�a�n�e� �2�8�=� �G�8�,� 
�L�a�n�e�2�9�=�G�9�,� � � �L�a�n�e� �3�0�=�G�1�0�,� �L�a�n�e� �3�1�= �A�T�C�C�C�2�5�9�2�2�,� �R�-�i�s�o�l�a�t�e� �f�r�o�m� �r�a�m�,� �G�-�i�s�o�l�a�t�e� �f�r�o�m� �g�o�a�t

�P�l�a�t�e� �5�.� � �P�C�R� �a�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �g�e�n�e�s� �i�n� � �i�s�o�l�a�t�e�d� �f�r�o�m� �f�a�e�c�e�s� �o�f� �a�p�p�a�r�e�n�t�l�y� �h�e�a�l�t�h�y� �r�a�m�s� 
�a�n�d� �g�o�a�t�s
�L�a�n�e� �M�=�1�0�0�b�p� �m�a�r�k�e�r�,� �L�a�n�e� �=� �v�e� � �L�a�n�e� �1�=�R�1�,� �L�a�n�e� �2�=�R�2�,� �L�a�n�e� �3�=�R�3�,� �L�a�n�e� �4� �=�R�4�,� �L�a�n�e� �5�=�R�5�,� �L�a�n�e� �6�=�R�6�,� 
�L�a�n�e� �7� �=�R�7� �L�a�n�e� �8�=�R�8�,� � �L�a�n�e� �9�=�R�9�,� � �L�a�n�e� �1�0�=�R�1�0�,� � �L�a�n�e� �1�1�=� �R�1�1�,� �L�a�n�e� �1�2� �=�R�1�2�,� � �L�a�n�e� �1�3�=�R�1�3� �L�a�n�e� 
�1�4�=�R�1�4�,� �L�a�n�e� �1�5�=�R�1�5�,� �L�a�n�e� �1�6�=�R�1�6�,� �L�a�n�e� �1�7�=�R�1�7�,� �L�a�n�e� �1�8�=�R�1�8�,� �L�a�n�e�1�9�=� �R�1�9� �L�a�n�e� �2�0� �=� �R�2�0�,� �L�a�n�e� �2�1�=�G�1�,� 
�L�a�n�e� �2�2�=� �G�2�,� � � �L�a�n�e� �2�3� �=�G�3�,� � � �L�a�n�e�2� �4�=� �G�4�,� � �L�a�n�e� �2�5�=�G�5�,� �L�a�n�e� �2�6�=� �G�6�,� �L�a�n�e� �2�7�=� �G�7�,� �L�a�n�e� �2�8�=
�A�T�C�C�C�2�5�9�2�2�,� �R�-�i�s�o�l�a�t�e� �f�r�o�m� �r�a�m�,� �G�-�i�s�o�l�a�t�e� �f�r�o�m� �g�o�a�t
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�M� �-�v�e� � � � � � � � � �2� � �3� � �4� � �5� � �6� � �7� � � �8� � � �9� � �1�0� � �1�1� � �1�2� � �1�3� � �1�4� � �1�5� � �1�6� � �1�7� � �1�8� �1�9� �2�0� �2�1� �2�2� �2�3� � � �2�4� � �2�5� � � �2�6� � � � �2�7� � �2�8� �2�9



DISCUSSION
�T�h�e� �r�e�c�o�v�e�r�y� �o�f� � �f�r�o�m� �f�a�e�c�a�l� �s�a�m�p�l�e�s� �o�f� 
�r�a�m�s� �a�n�d� �g�o�a�t�s� �i�n� �t�h�e� �s�t�u�d�y� �a�g�r�e�e�s� �w�i�t�h� �t�h�e� �r�e�p�o�r�t�s� 
�o�f� �e�a�r�l�i�e�r� �r�e�s�e�a�r�c�h�e�r�s�.� � �s�h�e�d�d�i�n�g� �h�a�s� 
�b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �s�m�a�l�l� �r�u�m�i�n�a�n�t�s� �i�n� �a� 
�r�e�s�e�a�r�c�h� �c�a�r�r�i�e�d� �o�u�t� �b�y� �Z�s�c�h�o�c�k� � �(�2�0�0�0�)�.�I�n� �t�h�i�s� 
�s�t�u�d�y�,� �6�9�.�7�9�%� �o�f� � �f�r�o�m� �g�o�a�t�s� �w�e�r�e� �r�e�s�i�s�t�a�n�t� 
�t�o� �a�m�o�x�i�c�i�l�l�i�n� �w�h�i�c�h� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�r�e�v�a�l�e�n�c�e� 
�r�a�t�e� �r�e�c�o�r�d�e�d� �b�y� �A�l�l�e�n � �(�1�9�9�9�)� �i�n� �c�h�i�l�d�r�e�n� �a�n�d� 
�K�a�r�l�o�w�s�k�y� � �(�2�0�0�2�)� �i�n� �u�r�i�n�a�r�y� �t�r�a�c�t� �i�n�f�e�c�t�i�o�n� 
�i�s�o�l�a�t�e�s� �o�f� � �f�r�o�m� �f�e�m�a�l�e� �o�u�t�p�a�t�i�e�n�t�s� 
�i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.

�R�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e� �w�a�s� �e�q�u�a�l�l�y� �h�i�g�h� �i�n� �t�h�i�s� 
�s�t�u�d�y�.� �T�h�i�s� �f�i�n�d�i�n�g� �a�g�r�e�e�s� �w�i�t�h� �t�h�e� �r�e�p�o�r�t�s� �b�y� 
�H�a�r�i�h�a�r�a�n� �(�2�0�0�4�)� �w�h�i�c�h� �r�e�c�o�r�d�e�d� �h�i�g�h� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e� �b�y� � �f�r�o�m� �d�i�f�f�e�r�e�n�t� 
�a�n�i�m�a�l�s�.� �A�l�t�h�o�u�g�h� �t�e�t�r�a�c�y�c�l�i�n�e� �i�n�i�t�i�a�l�l�y� �w�a�s� �u�s�e�f�u�l� 
�f�o�r� �t�r�e�a�t�m�e�n�t� �o�f� �i�n�f�e�c�t�i�o�n�s� �w�i�t�h� �a�e�r�o�b�i�c� �G�r�a�m� 
�n�e�g�a�t�i�v�e� �o�r�g�a�n�i�s�m�s�,� �m�a�n�y� � �a�r�e� 
�n�o�w� �b�e�c�o�m�i�n�g� �r�e�l�a�t�i�v�e�l�y� �r�e�s�i�s�t�a�n�t� �t�o� �t�h�e�m�.� 
�R�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e� �i�n� �a�n�d� �r�e�l�a�t�e�d� 
�s�p�e�c�i�e�s� �i�s� �p�r�i�n�c�i�p�a�l�l�y� �p�l�a�s�m�i�d�-�m�e�d�i�a�t�e�d� �a�n�d� �a�n� 
�i�n�d�u�c�i�b�l�e� �t�r�a�i�t� �a�s� �s�e�e�n� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� �T�h�e� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e� �o�b�s�e�r�v�e�d� �m�a�y� �a�l�s�o� � �b�e� �a�s� 
�a� �r�e�s�u�l�t� �o�f� �d�e�c�r�e�a�s�e�d� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �t�e�t�r�a�c�y�c�l�i�n�e� 
�d�u�e� �t�o� �e�i�t�h�e�r� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �a�n� �e�n�e�r�g�y�-�d�e�p�e�n�d�e�n�t� 
�e�f�f�l�u�x� �p�a�t�h�w�a�y� �o�r� �t�o� �d�e�c�r�e�a�s�e�d� �i�n�f�l�u�x�,� �o�r� �t�o� 
�d�e�c�r�e�a�s�e�d� �a�c�c�e�s�s� �o�f� �t�e�t�r�a�c�y�c�l�i�n�e� �t�o� �t�h�e� �r�i�b�o�s�o�m�e� 
�(�s�i�t�e� �o�f� �a�c�t�i�o�n�)� �d�u�e� �t�o� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �r�i�b�o�s�o�m�e�-
�p�r�o�t�e�c�t�e�d� �p�r�o�t�e�i�n�s� �a�n�d� �e�n�z�y�m�a�t�i�c� �i�n�a�c�t�i�v�a�t�i�o�n� 
�(�S�p�e�e�r� �,� �1�9�9�2�)�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� 
�c�o�m�m�e�n�s�a�l� �s�t�r�a�i�n�s� �f�r�o�m� �h�u�m�a�n�s� �a�n�d� 
�a�n�i�m�a�l�s� �e�x�p�r�e�s�s� �h�i�g�h� �r�e�s�i�s�t�a�n�c�e� �t�o� �c�o�m�m�o�n� 
�a�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�s� �(�K�a�n�g� �.�,� �2�0�0�5�)�.� 

�I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �m�o�d�e�r�a�t�e�l�y� �h�i�g�h� �p�e�r�c�e�n�t� �o�f� 
�i�s�o�l�a�t�e�s� �w�e�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �c�i�p�r�o�f�l�o�x�a�c�i�n�.� �H�o�w�e�v�e�r�,� 
�B�r�a�d�f�o�r�d� �(�1�9�9�9�)� �a�n�d� �C�h�a�t�t�o�p�a�d�h�y�a�y� 
�(�2�0�0�3�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �6�.�2�5�%� �a�n�d� �1�5�.�3�8�%� �o�f� �,� 
�r�e�s�p�e�c�t�i�v�e�l�y� �w�e�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �c�i�p�r�o�f�l�o�x�a�c�i�n� �i�n� �t�h�e�i�r� 
�s�t�u�d�i�e�s� �o�n� �a�n�i�m�a�l�s�.� �T�h�e� �r�e�c�o�v�e�r�y� �o�f� �m�u�l�t�i�p�l�e� 
�a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�t� � �i�n� �t�h�e� �s�t�u�d�y� �m�a�y� �p�r�o�b�a�b�l�y� 
�b�e� �p�l�a�s�m�i�d�-�m�e�d�i�a�t�e�d�.� �G�e�n�e�r�a�l�l�y�,� �m�u�l�t�i�p�l�e� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �a�n�t�i�b�i�o�t�i�c�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �s�t�u�d�y� �m�a�y� 
�b�e� �d�u�e� �t�o� �a�b�u�s�e� �o�f� �a�n�t�i�b�i�o�t�i�c�s� �b�y� �m�a�n� �a�n�d� �f�r�e�q�u�e�n�t� 
�a�p�p�l�i�c�a�t�i�o�n� �i�n� �a�n�i�m�a�l� �f�e�e�d�s� �a�s� �s�u�p�p�l�e�m�e�n�t� �a�n�d� �i�n� 
�v�e�t�e�r�i�n�a�r�y� �t�r�e�a�t�m�e�n�t�.� �S�t�u�d�i�e�s� �o�n� �a�n�t�i�m�i�c�r�o�b�i�a�l� 
�r�e�s�i�s�t�a�n�c�e� �o�f� � �f�r�o�m� �d�i�f�f�e�r�e�n�t� �a�n�i�m�a�l� �s�p�e�c�i�e�s� 
�s�h�o�w�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �r�e�s�i�s�t�a�n�c�e� 
�o�v�e�r� �t�h�e� �y�e�a�r�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �w�i�d�e�-�s�p�r�e�a�d� �u�s�e� �o�f� 

�a�n�t�i�m�i�c�r�o�b�i�a�l� �d�r�u�g�s� �i�n� �a�n�i�m�a�l�s� �(�C�i�d� � �1�9�9�6�)�.� 
�T�h�e� �p�r�o�b�l�e�m� �i�s� �f�u�r�t�h�e�r� �a�g�g�r�a�v�a�t�e�d� �b�y� �t�h�e� �t�r�a�n�s�f�e�r� 
�o�f� � �f�r�o�m� �l�i�v�e�s�t�o�c�k� �t�o� �p�o�u�l�t�r�y� �t�o� �h�u�m�a�n� 
�(�K�a�p�o�o�r� � �1�9�9�4�)�.� �H�i�n�t�o�n� � �(�1�9�8�6�)� �r�e�p�o�r�t�e�d� 
�t�h�a�t� �t�h�e� �u�s�e� �o�f� �d�r�u�g�s� �d�o�e�s� �n�o�t� �i�n�d�u�c�e� �r�e�s�i�s�t�a�n�c�e�,� 
�b�u�t� �r�a�t�h�e�r� �p�r�o�v�i�d�e�s� �a�n� �i�n�t�e�n�s�e� �s�e�l�e�c�t�i�o�n� �p�r�e�s�s�u�r�e� 
�w�h�i�c�h� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �s�u�s�c�e�p�t�i�b�l�e� �n�o�r�m�a�l� �f�l�o�r�a� �i�n� 
�t�h�e� �h�o�s�t� �a�n�d� �s�p�a�r�e�s� �t�h�e� �r�e�s�i�s�t�a�n�t� �o�n�e�s�.� �I�n� �t�h�e� �s�t�u�d�y�,� 
�h�i�g�h�e�s�t� �r�a�t�e� �o�f� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �d�e�t�e�c�t�e�d� �a�g�a�i�n�s�t� �t�h�e� 
�a�n�t�i�m�i�c�r�o�b�i�a�l� �d�r�u�g�s� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d� �e�i�t�h�e�r� 
�a�s� �f�e�e�d� �a�d�d�i�t�i�v�e�s� �o�r� �a�s� �c�u�r�a�t�i�v�e� �a�g�e�n�t�s� �i�n� �f�a�r�m� 
�a�n�i�m�a�l�s� �o�r� �f�o�r� �t�r�e�a�t�m�e�n�t� �i�n� �h�u�m�a�n� �m�e�d�i�c�i�n�e�,� �a�n�d� 
�w�e�r�e� �l�e�a�s�t� �r�e�s�i�s�t�a�n�t� �t�o� �l�e�s�s� �c�o�m�m�o�n�l�y� �u�s�e�d� 
�a�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�s�.� �T�h�i�s� �w�a�r�r�a�n�t�s� �r�e�s�t�r�i�c�t�i�o�n� �o�n� 
�t�h�e� �u�s�e� �o�f� �a�n�t�i�b�i�o�t�i�c�s� �a�s� �f�e�e�d� �a�d�d�i�t�i�v�e�s� �a�n�d� �r�a�t�i�o�n�a�l� 
�u�s�e� �o�f� �a�n�t�i�m�i�c�r�o�b�i�a�l� �t�h�e�r�a�p�y� �o�f� �i�n�f�e�c�t�i�o�n�s� �i�n� �m�a�n� 
�a�n�d� �a�n�i�m�a�l�s�.

�L�a�r�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�l�a�s�m�i�d�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� 
�s�o�m�e� �o�f� �t�h�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �m�u�l�t�i�p�l�e� �a�n�t�i�b�i�o�t�i�c� 
�r�e�s�i�s�t�a�n�t� �i�s�o�l�a�t�e�s�;� �t�h�i�s� �m�a�y� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �m�u�l�t�i�-
�r�e�s�i�s�t�a�n�c�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �s�t�u�d�y�.

�N�o�n�e� �o�f� �t�h�e� �i�s�o�l�a�t�e�s� �s�h�o�w�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�v�i�r�u�l�e�n�t� �g�e�n�e�s�.� �T�h�o�u�g�h�,� �r�e�p�o�r�t�s� �b�y� �W�a�n�i� � 
�(�2�0�0�3�)� �f�r�o�m� �I�n�d�i�a� �r�e�p�o�r�t�e�d� �a� �p�r�e�v�a�l�e�n�c�e� �r�a�t�e� �o�f� 
�(�6�%�)�,� �S�u�h�e�y�l�a� � �(�2�0�1�3�)� �r�e�p�o�r�t�e�d� �m�o�r�e� 
�p�r�e�v�a�l�e�n�c�e� �o�f� �2� �g�e�n�e� �t�h�a�n� �1� �g�e�n�e� �i�n� � 
�f�r�o�m� �l�a�m�b�s� �a�n�d� �g�o�a�t� �k�i�d�s�,� �a�n�d� �B�a�n�d�y�o�p�a�d�h�y�a�y� 

� �(�2�0�1�1�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �a� �p�r�e�d�o�m�i�n�a�n�c�e� �o�f� �t�h�e� 
�2� �g�e�n�e� �i�n� �S�T�E�C� �s�t�r�a�i�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �s�m�a�l�l� 

�r�u�m�i�n�a�n�t� �w�i�t�h� �d�i�a�r�r�h�e�a� �i�n� �I�n�d�i�a�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�c�e� �( �)� 
�d�e�t�e�r�m�i�n�a�n�t� �g�e�n�e�s� �w�e�r�e� �n�o�t� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� 
�i�s�o�l�a�t�e�s� �i�n� �t�h�i�s� �s�t�u�d�y�.� �H�o�w�e�v�e�r�,� �s�t�u�d�i�e�s� �b�y� �A�n�d�r�e�w� 

� �(�2�0�0�4�)� �w�h�i�c�h� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1�4� 
�t�y�p�e�s� �o�f� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�s� 
�g�e�n�e�s� �i�n� �a� �n�o�n�-�s�e�l�e�c�t�e�d� �a�n�d� �n�a�t�u�r�a�l� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 

� � �f�r�o�m� �1�2� �a�n�i�m�a�l� �s�o�u�r�c�e�s�,� �r�e�p�o�r�t�e�d� 
�t�h�e� �p�r�e�s�e�n�c�e� �o�f� � �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� 
�r�e�p�o�r�t� �o�f� � �i�n� �.� �T�h�e� �n�o�n�-� �d�e�t�e�c�t�i�o�n� �o�f� 

� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �a�l�s�o� �c�o�r�r�o�b�o�r�a�t�e�s� �t�h�e� 
�a�b�s�e�n�c�e� �o�f� � �d�e�t�e�r�m�i�n�a�n�t� �g�e�n�e� �i�n� �t�h�e�i�r� �o�w�n� 
�r�e�p�o�r�t�s�.

�I�t� �i�s� �n�o�t�e�w�o�r�t�h�y� �t�h�a�t� �t�h�e� �v�a�r�i�a�n�c�e� �o�r� �d�i�s�s�i�m�i�l�a�r�i�t�y� 
�i�n� �t�h�e� �f�i�n�d�i�n�g� �o�f� �t�h�i�s� �s�t�u�d�y� �a�n�d� �e�a�r�l�i�e�r� �s�t�u�d�i�e�s� �o�n� 
�a�n�i�m�a�l�s� �m�a�y� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 
�s�a�m�p�l�e� �s�i�z�e� �a�n�d� �h�e�a�l�t�h� �s�t�a�t�u�s�,� �t�h�e� �t�y�p�e� �o�f� �s�a�m�p�l�e�,� 
�a�n�d� �m�e�t�h�o�d� �o�f� �s�a�m�p�l�e� �c�o�l�l�e�c�t�i�o�n�.� �A� �n�u�m�b�e�r� �o�f� 

Adefarakan et al.:� �P�r�e�v�a�l�e�n�c�e� �o�f� �A�n�t�i�b�i�o�t�i�c� �R�e�s�i�s�t�a�n�c�e� �a�n�d� �M�o�l�e�c�u�l�a�r� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 457



�r�e�p�o�r�t�s� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �e�s�t�a�b�l�i�s�h� �a�n� �a�s�s�o�c�i�a�t�i�o�n� 
�b�e�t�w�e�e�n� �r�e�s�i�s�t�a�n�c�e� �t�o� �a�n�t�i�b�a�c�t�e�r�i�a�l� �a�g�e�n�t�s� �(�A�B�A�)� 
�a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �v�i�r�u�l�e�n�c�e� �g�e�n�e� �(�G�a�r�c�i�a� �2�0�0�2�;� 
�B�o�e�r�l�i�n� �2�0�0�5�;� �D�i�a�r�r�a�s�s�o�u�b�a� �.�,� �2�0�0�7�)�.� �I�t� �i�s� 
�p�o�s�s�i�b�l�e� �t�h�a�t� �a�n� �a�n�t�i�b�a�c�t�e�r�i�a�l� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �a� 
�v�i�r�u�l�e�n�c�e� �g�e�n�e� �a�r�e� �l�o�c�a�t�e�d� �o�n� �t�h�e� �s�a�m�e� 
�t�r�a�n�s�f�e�r�a�b�l�e� �p�l�a�s�m�i�d�.� � �H�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� 
�r�e�s�e�a�r�c�h� �d�o� �n�o�t� �i�n�d�i�c�a�t�e� �a�n�y� �a�s�s�o�c�i�a�t�i�o�n� �b�e�t�w�e�e�n� 
�v�i�r�u�l�e�n�c�e� �g�e�n�e�s� �o�f� � �a�n�d� �t�h�e� �a�n�t�i�b�i�o�t�i�c� 
�r�e�s�i�s�t�a�n�c�e�.� 

�M�o�r�e�o�v�e�r� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �d�o� �n�o�t� 
�p�r�o�v�i�d�e� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�v�e�n� �l�i�n�k� �o�f� �a�s�s�o�c�i�a�t�i�o�n� 
�b�e�t�w�e�e�n� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �i�n� �c�o�m�m�e�n�s�a�l� � 
�a�n�d� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 
�i�s�o�l�a�t�e�s� �r�e�s�i�s�t�a�n�t� �t�o� �² ��l�a�c�t�a�m�s� �a�n�d� �t�h�e� �t�e�t�r�a�c�y�c�l�i�n�e� 
�a�n�t�i�b�i�o�t�i�c�s� �a�s� �o�n�l�y� �v�e�r�y� �f�e�w� �o�f� �t�h�e� �i�s�o�l�a�t�e�s� 
�h�a�b�o�u�r�e�d� �t�h�e� �r�e�s�i�s�t�a�n�c�e� � �( �)� �g�e�n�e�s�.

Conclusion
�i�s�o�l�a�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �m�u�l�t�i�p�l�e� 

�a�n�t�i�b�i�o�t�i�c�-�r�e�s�i�s�t�a�n�t� �a�n�d� �l�a�c�k� �v�i�r�u�l�e�n�c�e� �( �,
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�e�n�t�e�r�o�t�o�x�i�n� �p�r�o�d�u�c�t�i�o�n�.� 

�1�8�:� �1�8�-�2�2�.
�K�a�r�l�o�w�s�k�y�,� �J�.� �A�.�,� �K�e�l�l�y�,� �L�.� �J�.�,� �T�h�o�r�n�s�b�e�r�r�y�,� �C�.�,� 

�J�o�n�e�s�,� �M�.� �E� �a�n�d� �S�a�h�m�,� �D�.� �F�.� �2�0�0�2�.� �T�r�e�n�d�s� 

�i�n� �a�n�t�i�m�i�c�r�o�b�i�a�l� �r�e�s�i�s�t�a�n�c�e� �a�m�o�n�g� �u�r�i�n�a�r�y� 
�t�r�a�c�t� �i�n�f�e�c�t�i�o�n� �i�s�o�l�a�t�e�s� �o�f� � 
�f�r�o�m� �f�e�m�a�l�e� �o�u�t�p�a�t�i�e�n�t�s� �i�n� �t�h�e� �U�n�i�t�e�d� 
�S�t�a�t�e�s�.� 

� �4�6�:� �2�5�4�0�  ��2�5�4�5�.
�L�e�v�i�n�e�,� �M�.� �M�.� �1�9�8�7�.� � �t�h�a�t� �c�a�u�s�e� 

�d�i�a�r�r�h�e�a�:� �e�n�t�e�r�o�t�o�x�i�g�e�n�i�c�,� 
�e�n�t�e�r�o�p�a�t�h�o�g�e�n�i�c�,� �e�n�t�e�r�o�i�n�v�a�s�i�v�e�,� 
�e�n�t�e�r�o�h�a�e�m�o�r�r�h�a�g�i�c� �a�n�d� �e�n�t�e�r�o�a�d�h�e�r�e�n�t�.� 

�1�5�5�:� �3�7�7�-�3�8�9�.
�M�u�l�v�e�y�,� �M�.�R�.�,� �S�o�u�l�e�,� �G�.�,� �B�o�y�d�,� �D�.�,� �D�e�m�c�z�u�k�,� �W�.� 

�a�n�d� �R�.� �A�h�m�e�d�.� �2�0�0�3�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� 
�t�h�e� �f�i�r�s�t� �e�x�t�e�n�d�e�d�-�s�p�e�c�t�r�u�m� �b�e�t�a�-
�l�a�c�t�a�m�a�s�e�-�p�r�o�d�u�c�i�n�g� � �i�s�o�l�a�t�e� 
�i�d�e�n�t�i�f�i�e�d� �i�n� �C�a�n�a�d�a�.� 

� �4�1�:�4�6�0 ��4�6�2
�N�a�t�a�r�o�,� �J�.� �P� �a�n�d� �K�a�p�e�r� �J�.� �B�.� �1�9�9�8�.� �D�i�a�r�r�h�e�a�g�e�n�i�c� 

� �A� �c�o�m�p�r�e�h�e�n�s�i�v�e� �r�e�v�i�e�w� �o�f� 
�t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s�,� �e�p�i�d�e�m�i�o�l�o�g�y�,� �d�i�a�g�n�o�s�i�s� 
�a�n�d� �c�l�i�n�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �d�i�a�r�r�h�o�e�a�g�e�n�i�c� 

�. � �1�1�:� �1�4�2�-
�2�0�1�.

�P�r�a�d�e�l�,� �N�.�,� �L�i�v�r�e�l�l�i�,� �V�.�,� �D�e� �C�h�a�m�p�s�,� �C�.�,� �P�a�l�c�o�u�x�,� �J�.� 
�B�.�,� �R�e�y�n�a�u�d�,� �A�.�,� �S�c�h�e�u�t�z� �,� �F�.�,� � �S�i�r�o�t�,� �J�.�,� � �J�o�l�y�,� 
�B�.�,� �F�o�r�e�s�t�i�e�r�,� �C�.� �2�0�0�0�.� �P�r�e�v�a�l�e�n�c�e� �a�n�d� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �S�h�i�g�a� �t�o�x�i�n� �p�r�o�d�u�c�i�n�g� 

� �i�s�o�l�a�t�e�d� �f�r�o�m� �c�a�t�t�l�e�,� �f�o�o�d�,� 
�a�n�d� �c�h�i�l�d�r�e�n� �d�u�r�i�n�g� �a� �o�n�e�-�y�e�a�r� 
�p�r�o�s�p�e�c�t�i�v�e� �s�t�u�d�y� �i�n� �F�r�a�n�c�e�.� 

� �3�8�:�1�0�2�3 ��1�0�3�1�.
�S�m�i�t�h�,� �S�.� �I�.�,� �B�e�l�l�o�,� �O�.� �S�.�,� �G�o�o�d�l�u�c�k�,� �H�.� �A�.�,� 

�O�m�o�n�i�g�b�e�h�i�n�,� �E�.� �A�.�,� �A�g�b�o�g�u�,� �V�.� �N�.� �a�n�d� 
�O�d�e�i�g�a�h�,� �P�.� �2�0�0�9�.� �P�r�e�v�a�l�e�n�c�e� �o�f� �E�H�E�C� 
�O�1�5�7�:�H�7� �f�r�o�m� �h�u�m�a�n� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�s�a�m�p�l�e�s� �f�r�o�m� �L�a�g�o�s� �a�n�d� �Z�a�r�i�a�.� 

� �2�5�:�3�9�8�-�4�0�3
�S�p�e�e�r�,� �B�.� �S�.�,� �S�h�o�e�m�a�k�e�r�,� �N�.� �V�.� �a�n�d� �S�a�l�y�e�r�s�,� �A�.� �A�.� 

�1�9�9�2�.� �B�a�c�t�e�r�i�a�l� �r�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e�:� 
�M�e�c�h�a�n�i�s�m�s�,� �t�r�a�n�s�f�e�r�,� �a�n�d� �c�l�i�n�i�c�a�l� 
�s�i�g�n�i�f�i�c�a�n�c�e�.� � �5�1�:� 
�3�8�7�-�3�9�9�.

�S�t�r�o�m�m�e�n�g�e�r�,� �B�.�,� �K�e�t�t�l�i�t�z�,� �C�.�,� �W�e�r�n�e�r�,� �G�.� �a�n�d� 
�W�i�t�t�e�,� �W�.� �2�0�0�3�.� �M�u�l�t�i�p�l�e�x� �P�C�R� �a�s�s�a�y� �f�o�r� 
�s�i�m�u�l�t�a�n�e�o�u�s� �d�e�t�e�c�t�i�o�n� �o�f� �n�i�n�e� �c�l�i�n�i�c�a�l�l�y� 
�r�e�l�e�v�a�n�t� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s� �i�n� 

�.� 
� �4�1�(�9�)�:� �4�0�8�9�-�4�0�9�4�.

�S�u�h�e�y�l�a�,� �T�.�,� �S�e�z�a� �,� �E�.� �a�n�d� �S�e�r�r�a� �T�.� �2�0�1�3�.� 
�I�d�e�n�t�i�f�i�c�a�t�i�o�n�,� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �a�n�d� 
�m�o�l�e�c�u�l�a�r� �e�p�i�d�e�m�i�o�l�o�g�y� �o�f� � 
�i�s�o�l�a�t�e�d� �f�r�o�m� �l�a�m�b� �a�n�d� �g�o�a�t� �k�i�d�s� �w�i�t�h� 
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�d�i�a�r�r�h�e�a�.� �8�2�:� �3�5�7 ��3�6�2
�V�i�d�a�,�l� �M�.�,� �K�r�u�g�e�r�,� �E�.�,� �D�u�r�a�n�,� �C�.�,� �L�a�g�o�s�,� �R�.�,� �L�e�v�i�n�e�,� 

�M�.�,� �P�r�a�d�o�,� �V�.�,� �T�o�r�o�,� �C�.� �a�n�d� �V�i�d�a�l�,� �R�.� �2�0�0�5�.� 
�S�i�n�g�l�e� �m�u�l�t�i�p�l�e�x� �P�C�R� �a�s�s�a�y� �t�o� �i�d�e�n�t�i�f�y� 
�s�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�h�e� �s�i�x� �c�a�t�e�g�o�r�i�e�s� �o�f� 
�d�i�a�r�r�h�e�a�g�e�n�i�c� � �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� �e�n�t�e�r�i�c� �i�n�f�e�c�t�i�o�n�s�.� 

� �4�3�:� �5�3�6�2�-�5�3�6�5
�W�a�n�i�,� �S�.� �A�.�,� �B�h�a�t�t�,� �M�.� �A�.�,� �S�a�m�a�n�t�a�,� �I�.�,� �N�i�s�h�i�k�a�w�a�,� 

�Y�.� � �a�n�d� �B�u�c�h�h�,� �A�.� �S�.� �2�0�0�3�.� �I�s�o�l�a�t�i�o�n� �a�n�d� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �S�h�i�g�a� �t�o�x�i�n�-�p�r�o�d�u�c�i�n�g� 

�(�S�T�E�C�)� �a�n�d� 
�e�n�t�e�r�o�p�a�t�h�o�g�e�n�i�c� �(�E�P�E�C�)� 
�f�r�o�m� �c�a�l�v�e�s� �a�n�d� �l�a�m�b�s� �w�i�t�h� �d�i�a�r�r�h�o�e�a� �i�n� 

� �3�7�:� �1�2�1�-
�1�2�6�.

�Z�s�c�h�o�c�k�,� �M�.�,� �H�a�m�a�n�n�,� �H�.� �P�.�,� �K�l�o�p�p�e�r�t�,� �B�.� �a�n�d� 
�W�o�l�t�e�r� �W�.� �2�0�0�0�.� �S�h�i�g�a�-�t�o�x�i�n�-�p�r�o�d�u�c�i�n�g� 

� �i�n� �f�a�e�c�e�s� �o�f� �h�e�a�l�t�h�y� �d�a�i�r�y� 
�c�o�w�s�,� �s�h�e�e�p� �a�n�d� �g�o�a�t�s�:� �p�r�e�v�a�l�e�n�c�e� �a�n�d� 
�v�i�r�u�l�e�n�c�e� �p�r�o�p�e�r�t�i�e�s�.� 

�3�1�:� �2�0�3 ��2�0�8�.
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