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Introduction 

 

This seventh number of the Microbiology Book Series published by Formatex Research 

Center (Spain) offers the latest scientific results in microbiology research. Readers will find a 

major collection of knowledge, approaches, methods and discussions on the latest advances 

and challenges in microbiology research in a compilation of 32 chapters written by active 

researchers using original research materials but presented in a way accessible to a public 

beyond those ones who are specialists in the topic dealt.  

 

Clearly, this is a truly inter- and multi-disciplinary edition. Thus, pieces of research works 

dealing with very different academic fields were included in this book. 

 

We hope readers will find this seventh number of the Microbiology Book Series interesting 

and stimulating. 
 
Enrique Torres-Hergueta and A. Méndez-Vilas, Editors 

Understanding microbial pathogens: current knowledge and educational ideas on antimicrobial research
(Enrique Torres-Hergueta and A. Méndez-Vilas, Eds.)
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0��/DUDQMR������1��$QGUDGH��DQG�0��&��4XHLURJD���
�
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����������eYRUD��3RUWXJDO�

��,,)$�,QVWLWXWR�GH�,QYHVWLJDomR�H�)RUPDomR�$YDQoDGD��8QLYHUVLGDGH�GH�eYRUD��$S���������������eYRUD��3RUWXJDO�
��'HSDUWDPHQWR�GH�0HGLFLQD�9HWHULQiULD��(VFROD�GH�&LrQFLDV�H�7HFQRORJLD��8QLYHUVLGDGH�GH�eYRUD��3yOR�GD�0LWUD��$S������
���������eYRUD��3RUWXJDO�


�FULTXH#XHYRUD�SW��

3URSROLV� LV�D� UHVLQRXV�VXEVWDQFH�SURGXFHG�E\�KRQH\EHHV�ZLWK�SODQW� LQJUHGLHQWV��ZKLFK� LV�XVHG� WR� ILOO�JDSV� LQ� WKH�KLYH� WR�
SUHYHQW� WKH�HQWU\�RI�XQGHVLUDEOH�YLVLWRUV�DQG� WR�SURYLGH�EHWWHU� WKHUPDO� LQVXODWLRQ�� ,W�KDV�EHHQ�XVHG� IRU�FHQWXULHV� WR� WUHDW�
GLIIHUHQW�SDWKRORJLHV�DQG�PRUH�UHFHQWO\�EHFDPH�YHU\�SRSXODU�LQ�(XURSH�GXH�WR�LWV�DQWLEDFWHULDO�DFWLYLW\��

%LRILOP�LV�D�PXOWL�OD\HUHG�FOXVWHU�RI�EDFWHULD�HPEHGGHG�LQ�DQ�H[WUDFHOOXODU�SRO\VDFFKDULGH�PDWUL[��ZKLFK�LV�NQRZQ�WR�LQFUHDVH�
EDFWHULDO� DELOLW\� WR� FRORQLVH� LQHUW� PDWHULDOV� DQG� WR� SURWHFW� EDFWHULD� IURP� ERG\� GHIHQFH�PHFKDQLVPV� DQG� DQWLPLFURELDOV��
FRQWULEXWLQJ�WR�WKH�HVWDEOLVKPHQW�RI�SHUVLVWHQW�LQIHFWLRQV��%DFWHULD�RI�WKH�JHQXV�Staphylococcus DUH�UHVSRQVLEOH�IRU�D�SOHWKRUD�
RI�LQIHFWLRQV�LQ�KXPDQV�DQG�DQLPDOV�DQG�DUH�WKH�PDLQ�HWLRORJLFDO�DJHQWV�RI�PDVWLWLV�LQ�UXPLQDQWV��7KH�SURGXFWLRQ�RI�ELRILOP�
E\�WKHVH�EDFWHULD�LQFUHDVHV�WKHLU�UHVLVWDQFH�WR�DQWLPLFURELDOV��JUHDWO\�KLQGHULQJ�WKH�WUHDWPHQW�RI�LQIHFWLRQV��

7KLV� VWXG\� DLPV� WR� LQYHVWLJDWH� WKH� LQ� YLWUR� DFWLYLW\� RI� SURSROLV� HWKDQRO� H[WUDFWV� �3((�� DJDLQVW� ELRILOPV� SURGXFHG� E\�
VWDSK\ORFRFFL�LVRODWHG�IURP�WKH�PLON�RI�VPDOO�UXPLQDQWV�ZLWK�PDVWLWLV��7KH�LQKLELWRU\�DFWLRQ�RQ�ELRILOP�IRUPDWLRQ�DQG�WKH�
3((�DELOLW\�WR�HOLPLQDWH�HVWDEOLVKHG�ELRILOPV�ZHUH�HYDOXDWHG��

7HQ�3((�ZHUH�SURGXFHG�IURP�VHYHQ�VDPSOHV�RI�SURSROLV�KDUYHVWHG�LQ�VHYHUDO�UHJLRQV�LQ�%UD]LO��RQH�JUHHQ��WZR�UHG�DQG�IRXU�
EURZQ�� DQG� WKUHH� VDPSOHV� FROOHFWHG� LQ� GLIIHUHQW� UHJLRQV� LQ� 3RUWXJDO� �DOO� EURZQ��� 7KHVH� 3((�ZHUH� DVVHVVHG� IRU� ELRILOP�
IRUPDWLRQ�LQKLELWLRQ�DQG�ELRILOP�GLVUXSWLRQ�DELOLW\�RQ����ELRILOP�SURGXFLQJ�Staphylococcus�LVRODWHV�����S. aureus��VHYHQ�S. 
chromogenes��IRXU�S. warneri��WKUHH�S. auricularis��WZR�S. simulans��RQH�S. caprae��RQH�S. capitis��DQG�RQH�S. epidermidis��
RQ�SRO\VW\UHQH� IODW�ERWWRP�PLFURWLWHU�SODWHV��$OO�3((�VKRZHG�DQWLELRILOP�DFWLYLW\�DJDLQVW� VRPH�Staphylococcus� LVRODWHV��
*HQHUDOO\��3((�DUH�PRUH�HIIHFWLYH�LQ�LQKLELWLQJ�ELRILOP�IRUPDWLRQ��WKDQ�LQ�GHVWUR\LQJ�WKH�IRUPHG�ELRILOP��

$FFRUGLQJ� WR�WKHVH�UHVXOWV��SURSROLV�GHVHUYHV� WR�EH�FRQVLGHUHG�IRU� WKH�FRQWURO�RI� LQIHFWLRQV�FDXVHG�E\�ELRILOP�SURGXFLQJ�
VWDSK\ORFRFFL��

.H\ZRUGV��Staphylococcus��SURSROLV��ELRILOP��PDVWLWLV��

���,QWURGXFWLRQ�
3URSROLV�LV�D�UHVLQRXV�PDVV��ULFK�LQ�IODYRQRLGV�DQG�RWKHU�SKHQROLF�FRPSRXQGV��SURGXFHG�E\�KRQH\EHHV�Apis mellifera�IRU�
WKH�SURWHFWLRQ�RI� WKH�KRQH\FRPE��3URSROLV�PD\�GLVSOD\�GLIIHUHQW�FRORXUV�GXH� WR� WKH�ELRGLYHUVLW\�RI�SODQWV�XVHG�IRU� LWV�
SURGXFWLRQ�� ,W� KDV� HDUQHG� WKH� DWWHQWLRQ� RI�PDQ\� UHVHDUFKHUV� GXH� WR� LWV� DQWLPLFURELDO� DFWLRQ� ��±���� EXW� DOVR� GXH� WR� LWV�
V\QHUJLVWLF� HIIHFW� LQ� FRPELQDWLRQ� ZLWK� DQWLELRWLFV� ����� %HVLGHV� DQWLPLFURELDO� DFWLYLW\�� SURSROLV� KDV� RWKHU� ELRORJLFDO�
SURSHUWLHV�� OLNH� DQWLYLUDO�� DQWLIXQJDO�� DQWLWXPRU�� DQWL�LQIODPPDWRU\� DQG� DQWLR[LGDQW� RQHV�� DQG� LV� XVHG� LQ� WUDGLWLRQDO�
PHGLFLQH� VLQFH� $QWLTXLW\� ��±���� 5HFHQWO\� DQWLELRILOP� DFWLYLW\� RI� SURSROLV� KDV� EHHQ� GHVFULEHG� ������ DQG� DQWL�TXRUXP�
VHQVLQJ�ZDV�DOVR�VWDWHG������
� ,QIODPPDWLRQ�RI� WKH�PDPPDU\�JODQG��NQRZQ�DV�PDVWLWLV�� LV�D�VHULRXV�SUREOHP�IRU�PLON�SURGXFHUV��ERWK�ERYLQH�DQG�
VPDOO� UXPLQDQW�� DV� LW� LV� UHVSRQVLEOH� IRU� ORZHULQJ� PLON� \LHOG� DQG� TXDOLW\� ������ Staphylococcus VSS�� DUH� UHFRJQL]HG�
ZRUOGZLGH� DV� D� IUHTXHQW� FDXVH� RI� LQWUDPDPPDU\� LQIHFWLRQV� LQ� VPDOO� UXPLQDQWV� ���±�����6RPH�RI� WKHVH� EDFWHULD� DOVR�
SURGXFH� HQWHURWR[LQV� DFFRXQWDEOH� IRU� SXEOLF� KHDOWK� WKUHDWV� ���±����� 7UHDWPHQW� DQG� FRQWURO� RI� PDVWLWLV� GXH� WR�
Staphylococcus VSS�� LV� FKDOOHQJLQJ� GXH� WR� DQWLPLFURELDO� UHVLVWDQFH� ���±���� DQG� EDFWHULDO� DELOLW\� WR� SURGXFH� ELRILOP�
���������%LRILOP�KDPSHUV�PDVWLWLV�FRQWURO�DV�LW�LQFUHDVHV�PLFURELDO�VXUYLYDO�DQG�FRQWULEXWH�WR�SDWKRJHQV¶�SHUVLVWHQFH�LQ�
WKH�IDUP�������%LRILOP�SURGXFWLRQ�KDV�EHHQ�FRQVLGHUHG�UHVSRQVLEOH�IRU�DQWLPLFURELDO�UHVLVWDQFH�DQG�IRU�SHUVLVWHQW�PDVWLWLV�
���±�����,WV�PDMRU�FRPSRQHQWV�DUH�DQ�H[RSRO\VDFFKDULGH�PDWUL[��VOLPH���SURWHLQV�DQG�HQYLURQPHQWDO�'1$��H'1$��DORQJ�
ZLWK�WKH�EDFWHULDO�FHOOV�������
� 3URSROLV�PD\�UHSODFH�RU�UHGXFH�WKH�XVH�RI�DQWLELRWLFV�LQ�YHWHULQDU\�PHGLFLQH�GXH�WR�LWV�DQWLPLFURELDO�DFWLRQ��EXW�DOVR�
GXH�WR�LWV�DQWLELRILOP�DFWLYLW\��7KLV�VWXG\�DLPV�DW�LQYHVWLJDWLQJ�WKH�in vitro�DQWLELRILOP�DFWLYLW\�RI�SURSROLV�HWKDQRO�H[WUDFWV�
�3((��DJDLQVW�ELRILOP�SURGXFHG�E\� VWDSK\ORFRFFL� LVRODWHG� IURP� WKH�PLON�RI� VPDOO� UXPLQDQWV�ZLWK�PDVWLWLV��7KH� VWXG\�
LQFOXGHV�WKH�DVVHVVPHQW�RI�3((�LQKLELWRU\�DFWLRQ�RQ�ELRILOP�IRUPDWLRQ�DQG�3((�DELOLW\�WR�HOLPLQDWH�HVWDEOLVKHG�ELRILOPV��

���0DWHULDOV�DQG�PHWKRGV�
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���� �3URSROLV�HWKDQRO�H[WUDFWV�
7HQ�GLIIHUHQW�EDWFKHV�RI�UDZ�SURSROLV��VHYHQ�IURP�%UD]LO��*UHHQ��5HG���5HG���%URZQ���%URZQ���%URZQ��DQG�%URZQ���
DQG� WKUHH� IURP�3RUWXJDO� �%URZQ���%URZQ�� DQG�%URZQ���ZHUH� FROOHFWHG� LQ� DSLDULHV� ORFDWHG� LQ� GLIIHUHQW� UHJLRQV�ZLWK�
GLIIHUHQW� FOLPDWHV� DQG� YHJHWDWLRQ� �GDWD� QRW� VKRZQ��� 3URSROLV� HWKDQRO� H[WUDFWV� ZHUH� SUHSDUHG� DV� IROORZV� ������ &ROG�
PDFHUDWLRQ�RI�����J�RI�UDZ�SURSROLV�LQ�����P/�RI�����HWKDQRO�ZDV�SHUIRUPHG��UHVXOWLQJ�LQ�����3((��7KH�SUHSDUDWLRQV�
ZHUH�NHSW�DW�URRP�WHPSHUDWXUH��SURWHFWHG�IURP�OLJKW��IRU����GD\V��$IWHU�WKLV�SHULRG��H[WUDFWV�ZHUH�ILOWHUHG�WKURXJK�D�VWHULOH�
IXQQHO�DQG�ILOWHU�SDSHU��([WUDFWV�ZHUH�NHSW�UHIULJHUDWHG�DW���&��LQ�DPEHU�ERWWOHV��XQWLO�XVH��

���� �%DFWHULDO�LVRODWHV� �

)RUW\�ILYH�ELRILOP�SURGXFLQJ�Staphylococcus�ILHOG�LVRODWHV�����S. aureus��VHYHQ�S. chromogenes��IRXU�S. warneri��WKUHH�S. 
auricularis��WZR�S. simulans��RQH�S. caprae��RQH�S. capitis��DQG�RQH�S. epidermidis��FROOHFWHG�IURP�GLIIHUHQW�PDPPDU\�
JODQGV�RI�VKHHS�DQG�JRDWV��EHORQJLQJ�WR�GLIIHUHQW�IORFNV��ZLWK�FOLQLFDO�DQG�VXEFOLQLFDO�PDVWLWLV��ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��
0LON�VDPSOHV�ZHUH�DVHSWLFDOO\�FROOHFWHG�DQG� LPPHGLDWHO\� UHIULJHUDWHG�XQWLO�SURFHVVHG��ZLWKLQ�QR�PRUH� WKDQ����KRXUV��
%DFWHULRORJLFDO�DQDO\VHV�ZHUH�XQGHUWDNHQ�DFFRUGLQJ�WR�WKH�1DWLRQDO�0DVWLWLV�&RXQFLO�PHWKRGRORJ\������DQG�LVRODWHV�ZHUH�
LGHQWLILHG�WR�WKH�VSHFLHV�OHYHO��XVLQJ�$3,�6WDSK��%LRPpULHX[��RU�9LWHN���&RPSDF��%LRPpULHX[���

���� �%LRILOP�SURGXFWLRQ�

%LRILOP�SURGXFWLRQ�ZDV�DVVHVVHG�DFFRUGLQJ�WR�0HULQR�HW�DO�������ZLWK�VRPH�PRGLILFDWLRQV��%DFWHULD�ZHUH�JURZQ�RYHUQLJKW�
LQ�7U\SWLFDVH�6R\�%URWK��2[RLG��&0������ZLWK����JOXFRVH��76%J��DW����&��%DFWHULDO�FXOWXUHV�ZHUH�GLOXWHG�LQ�VWHULOH�
76%J� XQWLO� WKH� WXUELGLW\� UHDFKHG� ���� RI� WKH� 0DF)DUODQG� VFDOH� �DSSUR[LPDWHO\� �� [� ���� &)8�P/��� DFFRUGLQJ� WR� WKH�
WXUELGLPHWHU� UHDGLQJ� �'HQVL&KHN�� ELR0pULHX[��� DQG� DJDLQ� GLOXWHG� ����� WR� UHDFK��� [� ����&)8�P/� ������2QH�KXQGUHG�
PLFUROLWHUV�RI�WKHVH�VXVSHQVLRQV�ZHUH�DGGHG�WR�����ȝ/�RI�VWHULOH�76%J�LQ�IODW�ERWWRP�VWHULOH����ZHOO�SRO\VW\UHQH�PLFURWLWHU�
SODWHV��$�QRQ�ELRILOP�SURGXFHU�Staphylococcus epidermidis�$7&&�������ZDV�XVHG�DV�QHJDWLYH�FRQWURO��S. aureus�$7&&�
������DV�SRVLWLYH�FRQWURO�DQG�QRQ�LQRFXODWHG�76%J�DV�VWHULOLW\�FRQWURO��3ODWHV�ZHUH�LQFXEDWHG�RYHUQLJKW�DW����&��7KH�
ZHOOV�ZHUH�JHQWO\�ZDVKHG�WKUHH�WLPHV�ZLWK������/�RI�GLVWLOOHG�ZDWHU��GULHG�LQ�DQ�LQYHUWHG�SRVLWLRQ��DQG�VWDLQHG�ZLWK������/�
������JHQWLDQ�YLROHW�IRU���PLQ�DW�URRP�WHPSHUDWXUH��:HOOV�ZHUH�ULQVHG�DJDLQ�������/�RI�DOFRKRO�DFHWRQH���������ZHUH�
DGGHG�DQG� WKH�RSWLFDO�GHQVLW\�ZDV� UHDG�DW�����QP� LQ�DQ�(/,6$�SODWH� UHDGHU� �%LR5DG���(DFK�DVVD\�ZDV�SHUIRUPHG� LQ�
WULSOLFDWH�DQG�UHSHDWHG�WKUHH�WLPHV��5HVXOWV�ZHUH�UHFRUGHG�DV�IROORZV��RSWLFDO�UHDGLQJV��25��DYHUDJH�YDOXH�RI�WKH�WULSOLFDWHV��
VXEWUDFWLQJ�WKH�DYHUDJH�YDOXH�IRU�WKH�QHJDWLYH�FRQWURO��1&��LQ�WKH�VDPH�PLFURSODWH�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD���
�

2'� ����25���25���25����������1&���1&���1&������
�
1R�SURGXFWLRQ�RI�ELRILOP��LVRODWH�2'���QHJDWLYH�FRQWURO�2'���ZHDN�ELRILOP�IRUPDWLRQ��QHJDWLYH�FRQWURO�2'���LVRODWH�2'�
����;�QHJDWLYH�FRQWURO�2'���PRGHUDWH�ELRILOP�IRUPDWLRQ����;�QHJDWLYH�FRQWURO�2'���LVRODWH�2'�����;�QHJDWLYH�FRQWURO�
2'��DQG�VWURQJ�ELRILOP�IRUPDWLRQ��LVRODWH�2'�!���;�QHJDWLYH�FRQWURO�2'���

���� �(IIHFW�RQ�ELRILOP�IRUPDWLRQ�

,VRODWHV�ZHUH�JURZQ�RYHUQLJKW�DW����&�LQ���PO�76%J�DQG���[�����&)8�P/�VXVSHQVLRQV�ZHUH�SUHSDUHG��2QH�KXQGUHG�
PLFUROLWHUV�RI�WKHVH�VXVSHQVLRQV�ZHUH�DGGHG�WR�����ȝ/�RI�KDOI�PLQLPXP�EDFWHULFLGDO�FRQFHQWUDWLRQ������0%&��IURP�HDFK�
3((��GLOXWHG�LQ�76%J��LQWR�HDFK�ZHOO�RI�����ZHOO�SRO\VW\UHQH�IODW�ERWWRPHG�PLFURWLWHU�SODWHV��7KH�EDFWHULFLGDO�DFWLYLW\�RI�
WKH� H[WUDFWV� WRZDUGV� WKH� GLIIHUHQW� LVRODWHV�ZDV� SUHYLRXVO\� GHWHUPLQHG� �VHH�&KDSWHU� ³$QWLPLFURELDO� DFWLRQ�RI� SURSROLV�
H[WUDFWV�DJDLQVW�VWDSK\ORFRFFL´�LQ�WKLV�ERRN��DQG�KDOI�0%&�ZDV�XVHG�LQ�WKLV�DVVD\��VR�WKDW�EDFWHULD�ZRXOGQ¶W�EH�LQDFWLYDWHG��
1RQ�LQRFXODWHG�76%J�ZDV�XVHG�DV�VWHULOLW\�FRQWURO��$IWHU�LQFXEDWLRQ�IRU����K�DW����&��SODWHV�ZHUH�ZDVKHG�DQG�VWDLQHG�DV�
IRU�WKH�ELRILOP�SURGXFWLRQ�DVVD\��$EVRUEDQFH�ZDV�GHWHUPLQHG�DW�����QP�DQG�WKH�IRUPDWLRQ�RI�ELRILOP�ZDV�GHWHUPLQHG�DV�
GHVFULEHG�SUHYLRXVO\��(DFK�DVVD\�ZDV�SHUIRUPHG�LQ�WULSOLFDWH�DQG�UHSHDWHG�WKUHH�WLPHV��7KHVH�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�
WKH�UHVXOWV�RI�WKH�ELRILOP�IRUPDWLRQ�DVVD\�DQG�WKH�3((�LQKLELWRU\�DFWLRQ�RQ�WKH�ELRILOP�IRUPDWLRQ�ZDV�HVWDEOLVKHG�DV�D�
SHUFHQWDJH�RI�LQKLELWLRQ��

���� �(IIHFW�RQ�HVWDEOLVKHG�ELRILOPV�

7R�HYDOXDWH�WKH�3((�DELOLW\�WR�HOLPLQDWH�HVWDEOLVKHG�ELRILOPV��WKH�VDPH�LVRODWHV�ZHUH�JURZQ�DV�ELRILOPV�XVLQJ�SRO\VW\UHQH�
IODW�ERWWRPHG�PLFURWLWHU�SODWHV��$IWHU����K�RI�LQFXEDWLRQ�DW����&��WKH�ZHOOV�ZHUH�ZDVKHG�WKUHH�WLPHV�ZLWK�GLVWLOOHG�ZDWHU�
DQG������/�RI�WKH�FRUUHVSRQGLQJ�KDOI�0%&�RI�3((�ZHUH�DGGHG��1RQ�LQRFXODWHG�0%&�RI�HDFK�3((�IRU�HDFK�LVRODWH�DQG�
76%J�ZHUH�XVHG�DV� VWHULOLW\�FRQWUROV��$IWHU� LQFXEDWLRQ�RQ� WKH� UHJXODU�FRQGLWLRQV��PLFURSODWHV�ZHUH�DJDLQ�ZDVKHG�DQG�
VWDLQHG� IROORZLQJ� WKH�GHVFULEHG�SURFHGXUH��$EVRUEDQFH�ZDV�GHWHUPLQHG�DW� ����QP�DQG� WKH� IRUPDWLRQ�RI�ELRILOP�ZDV�
GHWHUPLQHG�DV�GHVFULEHG�SUHYLRXVO\��(DFK�DVVD\�ZDV�SHUIRUPHG�LQ�WULSOLFDWH�DQG�UHSHDWHG�WKUHH�WLPHV��7KHVH�UHVXOWV�ZHUH�
FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�WKH�ELRILOP�IRUPDWLRQ�DVVD\�DQG�WKH�3((�DFWLYLW\�RQ�WKH�ELRILOP�GLVUXSWLRQ�ZDV�HVWDEOLVKHG�
DV�D�SHUFHQWDJH��
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���5HVXOWV�

���� �3((�HIIHFW�RQ�ELRILOP�IRUPDWLRQ�
1LQH�3((�VKRZHG�WKH�DELOLW\�WR�LQKLELW�RU�VWRS�ELRILOP�IRUPDWLRQ�LQ�������RI�WKH�LVRODWHV�DQDO\VHG��7KH�PHDQ�LQKLELWLRQ�
IRU�HDFK�3((��YDULHG�EHWZHHQ������DQG��������%URZQ�����DQG���%UD]LOLDQ�3((�VKRZHG�KLJKHU�DFWLYLW\�FRPSDUHG�WR�WKH�
%URZQ�����DQG���3RUWXJXHVH�3((��EXW�%URZQ��%UD]LOLDQ�3((�VKRZHG�QR�DFWLYLW\�DJDLQVW�DQ\�RI�WKH�WHVWHG�LVRODWHV��)LJ��
����
�

�
)LJ���� �0HDQ�LQKLELWLRQ�SHUFHQWDJH�IRU�HDFK�SURSROLV�HWKDQRO�H[WUDFW��

�
� 7ZHQW\�VL[�S. aureus�LVRODWHV�ZHUH�ELRILOP�SURGXFHUV�DQG�RQO\�%URZQ��3((�VKRZHG�WR�LQKLELW�ELRILOP�IRUPDWLRQ�RI�DOO�
LVRODWHV�� 7KH� SHUFHQWDJH� RI� ELRILOP� LQKLELWLRQ� IRU� HDFK� S. aureus LVRODWH� UDQJHG� IURP� ����� WR� ������� %LRILOP� RI� S. 
epidermidis�$7&&��������XVHG�DV�D�SRVLWLYH�FRQWURO��ZDV�VXVFHSWLEOH�WR�HLJKW�3((�DQG�LWV�SHUFHQWDJH�RI�LQKLELWLRQ�YDULHG�
EHWZHHQ����DQG��������7DEOH������
7DEOH��� �3((�HIIHFW�RQ�ELRILOP�IRUPDWLRQ��QXPEHU�RI�LVRODWHV��DQG�UHVSHFWLYH�SHUFHQWDJH��DQG�PHDQ�LQKLELWLRQ�SHUFHQWDJH�E\�VSHFLHV�
IRU�HDFK�3((��
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1� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�E\�3((�*UHHQ��1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ������ ������ ���� ����� ������ ������ ����� �����
��RI�,QKLELWLRQ� ����� ����� ������ ���� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�5HG���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ������ ������ ���� ����� ������ ������ ������ �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�5HG���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ����� ������ ������ ����� ������ ����� ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ������ ������ ���� ������ ������ ������ ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ������ ����� ������ ���� ������ ������ ������ ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ������ ������ ������ ������ ������ ������ ����� �����
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��� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����
,QKLELWLRQ�3HUFHQWDJH

%URZQ�

%URZQ�

%URZQ�

5HG�

%URZQ�

%URZQ�

%URZQ�

*UHHQ

%URZQ�

5HG�
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��RI�,QKLELWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� �� �� �� �� �� �� �� �� ��
,QKLELWHG�LVRODWHV����� �� �� �� �� �� �� �� �� ����
��RI�,QKLELWLRQ� �� �� �� �� �� �� �� �� ����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ����� ������ ���� ������ ������ ���� ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ����� ���� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ����� ������ ���� ����� ���� ������ ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ���� ����� ����� �����
,QKLELWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
,QKLELWHG�LVRODWHV����� ����� ����� ������ ���� ����� ������ ������ ����� �����
��RI�,QKLELWLRQ� ����� ����� ����� ���� ����� ����� ����� ����� �����

���� �3((�HIIHFW�RQ�HVWDEOLVKHG�ELRILOPV�
$OO� WHQ�3((�VKRZHG� WR�SDUWLDOO\�RU� WRWDOO\�GHVWUR\� WKH�ELRILOP�SURGXFHG�E\����VWDSK\ORFRFFL� LVRODWHV��7KH�PHDQ�3((�
DFWLYLW\�SHUFHQWDJH�RQ�ELRILOP�GLVUXSWLRQ�YDULHG�EHWZHHQ������DQG��������)LJ������
�

�
)LJ���� �0HDQ�DFWLYLW\�SHUFHQWDJH�RQ�ELRILOP�GLVUXSWLRQ�IRU�HDFK�SURSROLV�HWKDQRO�H[WUDFW��

�
� 7KH�SHUFHQWDJH�RI�ELRILOP�GLVUXSWLRQ�UDQJHG�IURP���WR�������7DEOH�����3URSROLV�(WKDQRO�([WUDFW�%URZQ���VKRZHG�
ELRILOP�GLVUXSWLRQ�DFWLYLW\�DJDLQVW�������RI�S. aureus�LVRODWHV�EXW�GLG�QRW�DIIHFW�ELRILOP�from S. epidermidis�DQG�S. capitis. 
7DEOH��� �3((�HIIHFW�RQ�HVWDEOLVKHG�ELRILOPV��QXPEHU�RI�LVRODWHV��DQG�UHVSHFWLYH�SHUFHQWDJH��DQG�PHDQ�DFWLYLW\�SHUFHQWDJH�RQ�ELRILOP�
GLVUXSWLRQ�E\�VSHFLHV�IRU�HDFK�3((��
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1� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�E\�3((�*UHHQ��1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ������ ����� ������ ����� ����� ������ ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ������ ����� ����� ������ ����� �����
$IIHFWHG�E\�3((�5HG���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ���� ����� ����� ����� ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ���� ����� ����� ������ ����� �����
$IIHFWHG�E\�3((�5HG���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ������ ����� ������ ����� ����� ������ ������ �����
��RI�'LVUXSWLRQ� ���� ����� ����� ����� ����� ����� ����� ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
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��� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����
'LVUXSWLRQ SHUFHQWDJH

%URZQ�

%URZQ�

%URZQ�

5HG�

5HG�

%URZQ�

*UHHQ

%URZQ�

%URZQ�

%URZQ�
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$IIHFWHG�LVRODWHV����� ���� ����� ����� ���� ����� ����� ������ ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ���� ����� ����� ����� ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ���� ����� ���� ������ ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ���� ����� ���� ������ ������ �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ������ ����� ����� ������ ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ����� ����� ����� ����� ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ���� ���� ����� ����� ����� ����� �����
��RI�'LVUXSWLRQ� ���� ������ ���� ���� ����� ����� ����� ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ���� ����� ���� ������ ����� �����
��RI�'LVUXSWLRQ� ���� ����� ����� ���� ����� ���� ����� ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ���� ����� ���� ������ ������ �����
��RI�'LVUXSWLRQ� ���� ����� ����� ���� ����� ���� ������ ����� �����
$IIHFWHG�E\�3((�%URZQ���1�� ��� �� �� �� �� �� �� �� ���
$IIHFWHG�LVRODWHV����� ���� ����� ����� ������ ����� ���� ������ ������ �����
��RI�'LVUXSWLRQ� ���� ����� ����� ����� ����� ���� ������ ����� �����

�
� $QWLELRILOP�DFWLYLW\�LV�VXPPDULVHG�LQ�)LJ�����
�

�
)LJ���� �3((�HIIHFW�RQ�ELRILOP�IRUPDWLRQ�DQG�RQ�HVWDEOLVKHG�ELRILOPV��QXPEHU�RI�LVRODWHV�DIIHFWHG�E\�HDFK�3((��

�
� *HQHUDOO\��3((�DUH�PRUH�HIIHFWLYH� LQ� LQKLELWLQJ�ELRILOP�IRUPDWLRQ�� WKDQ� LQ�GHVWUR\LQJ�WKH�IRUPHG�ELRILOP��ZLWK� WKH�
H[FHSWLRQ�RI�*UHHQ��%URZQ���%URZQ���DQG�%URZQ����

3((�%URZQ���%URZQ��DQG�%URZQ��ZHUH�DEOH�WR�LQKLELW�PRUH�WKDQ����RXW�RI����LVRODWHV����������+RZHYHU��WKHVH�ZHUH�
QRW�WKH�EHVW�3((�LQ�GLVUXSWLQJ�WKH�HVWDEOLVKHG�ELRILOP��%URZQ���*UHHQ�DQG�5HG�ZHUH�WKH�PRVW�HIIHFWLYH�3((�LQ�GHVWUR\LQJ�
ELRILOP��

%URZQ���ZKLOH�FRPSOHWHO\�XQDEOH�WR�LQKLELW�ELRILOP�IRUPDWLRQ��ZDV�VWLOO�DEOH�WR�GLVUXSW�WKH�HVWDEOLVKHG�ELRILOP�LQ�PRUH�
WKDQ�����RI�WKH�LVRODWHV��

�

���'LVFXVVLRQ�
1LQH�3((�VKRZHG�DELOLW\� WR�SUHYHQW�ELRILOP�IRUPDWLRQ�DQG�DOO� WKH� WHVWHG�3((�UHYHDOHG�ELRILOP�GLVUXSWLRQ�DSWLWXGH�� ,W�
VKRXOG�EH�QRWHG�WKDW�WKH�FRQFHQWUDWLRQ�RI�3((�XVHG�LQ�WKHVH�WULDOV�ZDV�KDOI�WKH�PLQLPXP�EDFWHULFLGDO�FRQFHQWUDWLRQ�IRU�

*UHHQ 5HG� 5HG� %URZQ� %URZQ� %URZQ� %URZQ� %URZQ� %URZQ� %URZQ�
%LRILOP�LQKLELWLRQ �� �� �� �� �� �� � �� �� ��
%LRILOP�GHVWUXFWLRQ �� �� �� �� �� �� �� �� �� ��
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HDFK�EDFWHULDO�LVRODWH��7KH�GRVDJH�RI�3((�WR�EH�XVHG�LQ�FOLQLFDO�VLWXDWLRQV�VKRXOG�EH�DW�OHDVW�WKH�0%&��WKHUHIRUH�WZLFH�WKH�
DPRXQW�XVHG�KHUH��KHQFH�WKH�DQWLELRILOP�DFWLYLW\�VKRXOG�EH�EHWWHU�WKDQ�WKH�RQH�KHUH�SUHVHQWHG��

7KH�QHHG� WR�FRQWURO�ELRILOP�DVVRFLDWHG�ZLWK�PDPPDU\� LQIHFWLRQ� VHHPV� WR�EH�RI�PDMRU� LPSRUWDQFH��$V� UHYLVHG�E\�
0HOFKLRU�et al.������VHYHUDO�UHVHDUFKHUV�KDYH�VKRZQ�WKDW�EDFWHULD�JURZLQJ�LQ�D�ELRILOP�FDQ�EHFRPH����WR������WLPHV�PRUH�
UHVLVWDQW�WR�DQWLPLFURELDOV�WKDQ�SODQNWRQLF�JURZLQJ�EDFWHULD�RI�WKH�VDPH�VWUDLQ��&RQFHUQLQJ�WKH�SDWKRORJ\�RI�WKH�PDPPDU\�
JODQG��DOWKRXJK�VRPH�DXWKRUV�UHIHU�WKDW�WKH�in vitro�ELRILOP�IRUPLQJ�DELOLW\�RI�D�JLYHQ�VWUDLQ�ZDV�QRW�UHODWHG�WR�LWV�FOLQLFDO�
RULJLQ��FRQVLGHULQJ�FRZV�ZLWK�SHUVLVWHQW�DQG�QRQ�SHUVLVWHQW�LQWUDPDPPDU\�LQIHFWLRQ�������RWKHUV�PHQWLRQ�WKDW�S. aureus�
VWUDLQV�SHUVLVWLQJ�LQ�WKH�ERYLQH�PDPPDU\�JODQG�WKURXJK�WKH�GU\�SHULRG�SURGXFHG�VLJQLILFDQWO\�PRUH�ELRILOP�in vitro�WKDQ�
VWUDLQV�WKDW�GR�QRW�SHUVLVW�DIWHU�FDOYLQJ�������)XUWKHUPRUH��PLFH�LQRFXODWHG�ZLWK�D�ERYLQH�PDVWLWLV�VWURQJ�ELRILOP�IRUPLQJ�
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���������������±����$YDLODEOH�IURP��KWWS���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������
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PLON�TXDOLW\���WK�HG��9HURQD��:LV�ௗ��10&������������������S���
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