
 
 
 
 
 

Understanding microbial pathogens:  
current knowledge and educational  

ideas on antimicrobial research 
 
 
 
 

FORMATEX 
Microbiology Series N°7 

 
 
 
 
 
 
 
 
 
 

Edited by 
 

Enrique Torres-Hergueta 
A. Méndez-Vilas 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISBN-13: 978-84-947512-5-7 
 
 
 
 
 
 
 
Formatex Research Center 
C/ Zurbarán, 1, 2° - Oficina 1 
06002 Badajoz 
Spain 
http://www.formatex.org 
 
 
 
Printed in Spain 



III 
 

 TABLE OF CONTENTS 
 

Introduction……………………………………………………………………………………...... VI 

Antibiofilm activity of propolis extracts 
M. Laranjo, N. Andrade and M. C. Queiroga 
 

1-8 

Antibiotic Resistance and Virulence Factors of Enterococci 
P. ùanlıbaba 
 

9-18 

Antibiotic-resistant bacteria in milk and some dairy products 
S. Ozdikmenli Tepeli and N.N. Demirel Zorba 
 

19-27 

Antimicrobial action of propolis extracts against staphylococci 
C. Queiroga, N. Andrade and M. Laranjo 
 

28-35 

Antimicrobial activity of essential oils on pathogenic strains 
E. Reinoso, M.M. Oliva, L. Cariddi, E. Carezzano, J.M. Marioli and V. Beoletto 
 

36-42 

Antimicrobial activity of Lactobacillus strains against Escherichia coli: a multimethod 
approach to explore the mechanisms and factors determining the antimicrobial action 
R. Denkova-Kostova, B. Goranov, D. Teneva, Z. Denkova and G. Kostov 
 

43-54 

Antimicrobial agents produced by Streptomyces 
Naeima M.H. Yousef 
 

55-66 

Antimicrobial susceptibility trends in small animals 
Turlough Adley 
 

67-72 

Bacteriocins from Lactic Acid Bacteria and their emerging applications 
A. Ansha and G.S. Anisha 
 

73-83 

Bioprospecting of Antimicrobial Peptides by Bacteria Isolated from Soil on the Control of 
Pathogen Infections 
B. Oliveira de Veras, A. Monteiro de Sousa, A. Gomes da Silva, Y. Queiroz dos Santos, A. 
Felipe Jácome de França, K. Marques Diniz, R. Fernandes Brandão Santos and M. Vanusa da 
Silva 
 

84-91 

Cactaceae antimicrobials from Seasonally Dry Tropical Forests (Caatinga) in Northeast 
Brazil 
W. Felix de Oliveira, A. Gomes da Silva, L.M. de Souza Oliveira, D.R. Cavalcante de Araújo, 
J.W.L. Menezes da Silva, P. de Brum Vieira, T. Tasca, L.C.B. Barroso Coelho, M. Vanusa da 
Silva, M.T. dos Santos Correia 
 

92-98 

Characterization of lactic bacteria for biogenic amine formation 
J. Topiü, L. Butinar, M. Bergant Marušiþ, D. Korte, B. Mozetiþ Vodopivec 
 

99-107 

Classification and identification of bacteriophage receptors 
Galina Novik, Victoria Savich and Alena Ladutska 
 

108-120 

Conservation of Mercury Resistance determinants amongst ICE-like mobile bacterial 
genetic elements: comparative analysis and dissection of function 
Michael P. Ryan, Shannon Slattery and J. Tony Pembroke 

121-126 

Control of spore forming bacteria biofilms in the dairy environment 
Fadila Malek 
 

127-133 

Diagnosing gastrointestinal nematodes in livestock 
Nicole Hedley, D Grant Richards and Enzo A. Palombo 

134-139 

Understanding microbial pathogens: current knowledge and educational ideas on antimicrobial research
(Enrique Torres-Hergueta and A. Méndez-Vilas, Eds.)



IV 
 

Essential oils as antimicrobial agents and their possible applications in food 
T.T.K.V. Gandra, P.I.C. Alves, M. Radünz, L.Z. Lages, and E.A. Gandra 
 

140-145 

Importance of Biofilms on Dairy Industry Safety 
Dilvin øpek and Nükhet N. Demirel Zorba 
 

146-152 

In vitro activities of ceftazidime/avibactam alone or in combination with fosfomycin against 
carbapenem-susceptible and -resistant Klebsiella pneumoniae strains isolated from 
Intensive Care Units 
E. Mataracı Kara and B. Özbek Çelik 
 

153-157 

Influence of Abiotic factors on activity of antibacterial compounds from Aeromonas and 
Bacillus sp. 
Faryal Ijaz, Fehmida Fasim and Nazia Jamil 
 

158-165 

Investigation of Novel Tetrahalometallate Complexes of Cetrimonium Bromide Surfactant 
against in vitro Human Tumour Cell Lines of Lung, Colon and Liver 
Hanan El-Sharkawy Ali, Mohamad Fahmy zuky and Abdulfattah Mohsen Badawi 
 

166-177 

Marine Algae as a Source of Bioactive Substances 
Ibrahim A. Eman, Abd El Baky H. Hanaa and Murad A. Soha 
 

178-188 

Multidrug resistance mechanisms of Staphylococcus aureus, enterococci, Pseudomonas 
aeruginosa and update on current and emerging treatments 
Kim Luan Tran, Enzo A. Palombo and Mrinal Bhave 
 

189-199 

Mycobacterial lipids as potential drug target to combat Tuberculosis 
Sharda Sharma, Saif Hameed and Zeeshan Fatima 
 

200-207 

Natural products from plants: an environmentally friendly tool to control of Macrophomina 
phaseolina (Tassi) Goid. (Botryosphaeriaceae) 
Alexandre Gomes da Silva, Clébia Maria Alves de Almeida, Ana Paula Sant´Anna da Silva, 
Juciara Carneiro Gouveia Tenório, Fabíola Gomes da Silva, Maria Tereza dos Santos Correia, 
Antônio Félix da Costa, Márcia Vanusa da Silva and Vera Lúcia Menezes de Lima 
 

208-217 

Natural Products from Sponge and Sponge-Associated Microbes as Antimicrobial 
Compounds 
A. Gomes da Silva, B. Oliveira de Veras, K. Marques Diniz, W. Nascimento, R. Fernandes 
Brandão Santos, W. Félix, T. Tasca, Y. Queiroz dos Santos, M.T. dos Santos Correia, A. José 
Macedo and M. Vanusa da Silva 
 

218-225 

Packaging from renewable sources with antimicrobial properties: development and 
applications 
L. Ramos da Silva, A.C.A.B. Casari, B.R.C. Santos, K.R.S. Avelino, M. Ferraz, P.N. Justi, R.P. 
Lima, J.I. Velasco and F.M. Fakhouri 
 

226-234 

Phytochemical analysis and antiphytopathogenic activity of penicillus capitatus lam. 
(ulvophyceae; udoteaceae) extracts against plant pathogenic microorganisms 
Alexandre Gomes Silva, Clébia Maria Alves de Almeida, Juciara Carneiro Gouveia Tenório, 
João Victor de Oliveira Alves, Ana Paula Sant’Anna da Silva, Bruno de Oliveira Veras, Rafael 
Matos Ximenes, Vera Lúcia Menezes de Lima, Elineide Barbosa de Souza, Maria Tereza Santos 
Correia and Márcia Vanusa Silva 
 

235-240 

Phytochemical screening, antioxidant and antibacterial potential of ethanolic extracts of 
Cassia, Laccifer and Rosa-damascena 
I. Akbar and R. Batool 
 
 
 
 

241-248 

Understanding microbial pathogens: current knowledge and educational ideas on antimicrobial research
(Enrique Torres-Hergueta and A. Méndez-Vilas, Eds.)



V 
 

Prebiotic model of peptide formation based on molecular weight and thermal ecomposition 
temperature 
C. Polanco, T. Buhse, J.L. Samaniego Mendoza, A. Morales Reyes, M. Arias Estrada and V.N. 
Uversky 
 

249-258 

Production of Antimicrobial Compounds by Bacteria Associated with Coral 
B. Oliveira de Veras, A. Gomes da Silva, Y. Queiroz dos Santos, A. Felipe Jácome de França, K. 
Gorlach-Lira, A. Monteiro de Sousa, K. Marques Diniz, R. Fernandes Brandão Santos, M.T. dos 
Santos Correia and M. Vanusa da Silva 
 

259-265 

The New Generation of Food Packaging 
C.P. de Oliveira, T.V. de Oliveira, N. de F.F. Soares, R.R.A. Soares, R.V. Flores and P.A.V. de 
Freitas 

266-274 

 

Understanding microbial pathogens: current knowledge and educational ideas on antimicrobial research
(Enrique Torres-Hergueta and A. Méndez-Vilas, Eds.)



$QWLPLFURELDO�DFWLRQ�RI�SURSROLV�H[WUDFWV�DJDLQVW�VWDSK\ORFRFFL�
&��4XHLURJD�����1��$QGUDGH��DQG�0��/DUDQMR���
�
��,&$$0�,QVWLWXWR�GH�&LrQFLDV�$JUiULDV�H�$PELHQWDLV�0HGLWHUUkQLFDV��8QLYHUVLGDGH�GH�eYRUD��3yOR�GD�0LWUD��$S������
����������eYRUD��3RUWXJDO�

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

��,,)$�,QVWLWXWR�GH�,QYHVWLJDomR�H�)RUPDomR�$YDQoDGD��8QLYHUVLGDGH�GH�eYRUD��$S���������������eYRUD��3RUWXJDO�

�PODUDQMR#XHYRUD�SW��

2QH�+HDOWK�LV�D�ZRUOGZLGH�VWUDWHJ\�RI�KHDOWKFDUH�IRU�KXPDQV��DQLPDOV��DQG�WKH�HQYLURQPHQW��$QWLPLFURELDO�UHVLVWDQFH�LV�D�
VHULRXV�JOREDO�SUREOHP��UHFHQWO\�UHFRJQLVHG�E\�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��3UXGHQW��UHVSRQVLEOH�XVH�RI�DQWLPLFURELDOV�
VKRXOG�EH�D�FRQFHUQ�IRU�ERWK�KXPDQ�DQG�YHWHULQDU\�GRFWRUV��

&RQFHUQLQJ�DQLPDO�KHDOWK�DQG�LWV�UHSHUFXVVLRQ�LQ�KXPDQ�KHDOWK��DQWLPLFURELDOV�DQG�GLVLQIHFWDQWV�KDYH�EHHQ�ZLGHO\�XVHG�IRU�
WKH�FRQWURO�RI�PDVWLWLV��7KLV�SUDFWLFH�LQGXFHV�D�VHOHFWLYH�SUHVVXUH�IRU�UHVLVWDQW�EDFWHULDO�VWUDLQV��ZKLFK�LV�GHOHWHULRXV�IRU�SXEOLF�
KHDOWK�DVVRFLDWHG�ZLWK�PLON�FRQVXPSWLRQ��$QWLPLFURELDO� UHVLVWDQFH�JHQHV�KDYH�EHHQ�GHWHFWHG� LQ�SDWKRJHQV�DVVRFLDWHG� WR�
VPDOO� UXPLQDQWV¶� PDVWLWLV�� 7KHVH� JHQHV� PD\� EH� WUDQVIHUUHG� WR� WKH� LQGLJHQRXV� PLFURELRWD� RI� KXPDQV�� 7KH� SUHVHQFH� RI�
GLVLQIHFWDQW�UHVLVWDQFH�JHQHV�KDV�DOVR�EHHQ�UHSRUWHG�LQ�VWDSK\ORFRFFL�IURP�ERWK�RYLQH�DQG�FDSULQH�PLON��

3URSROLV�LV�D�UHVLQRXV�VXEVWDQFH�SURGXFHG�E\�KRQH\EHHV�XVLQJ�GLIIHUHQW�W\SHV�RI�SODQWV��,W�LV�XVHG�WR�VHDOV�KROHV�DQG�FUDFNV�
LQ� WKH� EHHKLYH�� FRQWULEXWHV� WR� DQ� DVHSWLF� LQWHUQDO� HQYLURQPHQW�� PDLQWDLQV� WKH� KLYH¶V� LQWHUQDO� WHPSHUDWXUH�� DQG� SUHYHQWV�
SUHGDWRUV� IURP� HQWHULQJ� WKH� EHHKLYH�� 3URSROLV� KDV� EHHQ� XVHG� DV� D� QDWXUDO� PHGLFLQH� IRU� LWV� DQWLVHSWLF�� DQWLPLFURELDO��
DQWLR[LGDQW��DQWL�LQIODPPDWRU\��DQG�RWKHU�LPPXQRPRGXODWRU\�SURSHUWLHV��

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�in vitro�DFWLYLW\�RI�SURSROLV�HWKDQRO�H[WUDFWV��3((��DJDLQVW�VWDSK\ORFRFFL�
LVRODWHG�IURP�PDVWLWLF�PLON�RI�VKHHS�DQG�JRDWV��

$QWLPLFURELDO� VXVFHSWLELOLW\� ZDV� DVVHVVHG� IRU� ��� DQWLPLFURELDOV� �DPSLFLOOLQ�� JHQWDPLFLQ�� OLQFRP\FLQ��
WULPHWKRSULP�VXOIDPHWKR[D]ROH�� SHQLFLOOLQ�� VWUHSWRP\FLQ�� WHWUDF\FOLQH�� FOR[DFLOOLQ�� QHRP\FLQ�� FHID]ROLQ�� FHIRSHUD]RQH��
FHSKDOH[LQ��DPR[LFLOOLQ�FODYXODQLF�DFLG��R[DFLOOLQ��FHIWULD[RQH��DQG�FLSURIOR[DFLQ��E\�WKH�GLVN�GLIIXVLRQ�PHWKRG��

7HQ�3((�IURP�SURSROLV�VDPSOHV�FROOHFWHG�ERWK�LQ�3RUWXJDO��WKUHH�EURZQ���DQG�%UD]LO��RQH�JUHHQ��WZR�UHG��DQG�VHYHQ�EURZQ��
ZHUH� HYDOXDWHG� IRU� WKHLU� DQWLPLFURELDO� DFWLRQ� DJDLQVW� ���� VWDSK\ORFRFFL�� ��� S. aureus�� DQG� ���� FRDJXODVH�QHJDWLYH�
VWDSK\ORFRFFL�LVRODWHV��WRJHWKHU�ZLWK�VHYHQ�UHIHUHQFH�VWUDLQV��$QWLPLFURELDO�DFWLYLW\�RI�3((�ZDV�DVVHVVHG�RQ�SRO\VW\UHQH�IODW�
ERWWRPHG�PLFURWLWHU�SODWHV�LQ�WULSOLFDWH�E\�WKH�PLFURGLOXWLRQV�PHWKRGRORJ\�IRU�FRQFHQWUDWLRQV�EHWZHHQ������DQG�����PJ�P/��

$OO�VWDSK\ORFRFFL�LVRODWHV�UHYHDOHG�VXVFHSWLELOLW\�WR�DOO�EXW�RQH�RI�WKH�VWXGLHG�3((��0LQLPDO�EDFWHULFLGDO�FRQFHQWUDWLRQ�IRU�
PRVW�LVRODWHV�ZDV������PJ�P/��

$FFRUGLQJ�WR�RXU�UHVXOWV��SURSROLV�PD\�EH�DQ�LPSRUWDQW�DOWHUQDWLYH�WR�WKH�XVH�RI�DQWLPLFURELDOV��ZLWK�UHPDUNDEOH�DGYDQWDJHV�
IRU�SXEOLF�KHDOWK��

.H\ZRUGV��Staphylococcus��DQWLPLFURELDO�UHVLVWDQFH��2QH�+HDOWK�

���,QWURGXFWLRQ�
2QH�+HDOWK�LV�D�ZRUOGZLGH�VWUDWHJ\�RI�KHDOWKFDUH�IRU�KXPDQV��DQLPDOV��DQG�WKH�HQYLURQPHQW��VKDUHG�E\�WKH�:RUOG�+HDOWK�
2UJDQL]DWLRQ��:+2���WKH�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV��)$2���DQG�WKH�:RUOG�2UJDQLVDWLRQ�
IRU� $QLPDO� +HDOWK� �2,(��� $GGUHVVLQJ� WKH� ULVLQJ� WKUHDW� RI� DQWLPLFURELDO� UHVLVWDQFH� �$05�� UHTXLUHV� D� KROLVWLF� DQG�
PXOWLVHFWRUDO�DSSURDFK��EHFDXVH�DQWLPLFURELDOV�XVHG�WR�WUHDW�YDULRXV�LQIHFWLRXV�GLVHDVHV�LQ�DQLPDOV�PD\�EH�WKH�VDPH�RU�
VLPLODU�WR�WKRVH�XVHG�IRU�KXPDQV��5HVLVWDQW�EDFWHULD�DULVLQJ�LQ�KXPDQV��DQLPDOV�RU�WKH�HQYLURQPHQW�PD\�VSUHDG�IURP�RQH�
WR�WKH�RWKHU��DQG�IURP�RQH�FRXQWU\�WR�DQRWKHU��

$FFRUGLQJ�WR�WKH�:+2��DQWLPLFURELDO�UHVLVWDQFH�LV�WKH�DELOLW\�RI�D�PLFURRUJDQLVP��OLNH�EDFWHULD��YLUXVHV��DQG�VRPH�
SDUDVLWHV��WR�VWRS�DQ�DQWLPLFURELDO��VXFK�DV�DQWLELRWLFV��DQWLYLUDOV��DQG�DQWLPDODULDOV��IURP�ZRUNLQJ�DJDLQVW�LW��$V�D�UHVXOW��
VWDQGDUG�WUHDWPHQWV�EHFRPH�LQHIIHFWLYH��LQIHFWLRQV�SHUVLVW��DQG�PD\�VSUHDG�WR�RWKHUV��

$QWLPLFURELDOV�DQG�GLVLQIHFWDQWV�KDYH�EHHQ�ZLGHO\�XVHG�IRU�WKH�FRQWURO�RI�PDVWLWLV�LQ�VPDOO�UXPLQDQWV��D�SUDFWLFH�ZLWK�
VHYHUH� FRQVHTXHQFHV� IRU� KXPDQ� KHDOWK�� 7KH�PDVVLYH� XVH� RI� DQWLPLFURELDOV� LQGXFHV� D� VHOHFWLYH� SUHVVXUH� IRU� UHVLVWDQW�
EDFWHULDO�VWUDLQV��ZKLFK�LV�GHOHWHULRXV�IRU�SXEOLF�KHDOWK�DVVRFLDWHG�ZLWK�PLON�FRQVXPSWLRQ��

0DVWLWLV��WKH�LQIODPPDWLRQ�RI�WKH�PDPPDU\�JODQG��ZKLFK�LV�PRVWO\�FDXVHG�E\�EDFWHULD��LV�KLJKO\�SUHYDOHQW�LQ�GDLU\�
KHUGV�>�@��Staphylococcus�VSS��DUH�WKH�PDLQ�DHWLRORJLFDO�DJHQWV�RI�PDVWLWLV�LQ�VPDOO�UXPLQDQWV�>����@��

7KH�SURSK\OD[LV�DQG�WUHDWPHQW�RI�PDVWLWLV� LV�FXUUHQWO\�PRVWO\�GHSHQGHQW�RQ�WKH�XVH�RI�DQWLPLFURELDOV��ZKLFK�H[HUW�
SUHVVXUH� VHOHFWLRQ� RYHU� UHVLVWDQW� DQG� PXOWL�UHVLVWDQW� VWUDLQV� >���@�� $� UHFHQW� VWXG\� VKRZHG� D� QRWLFHDEOH� LQFUHDVH� LQ�
DQWLPLFURELDO�UHVLVWDQFH��RYHU�D�SHULRG�RI�WHQ�\HDUV��LQ�Staphylococcus aureus�LVRODWHV�IURP�JRDWV�DQG�VKHHS�PLON�>�@���
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7KHVH�UHVLVWDQW�EDFWHULD�PD\�ZRUVHQ�WKH�SUREOHP�RI�PDVWLWLV��EXW�LQ�DGGLWLRQ��WKH\�PD\�EH�WKUHDWHQLQJ�IRU�KXPDQ�KHDOWK��
7KHLU�DFFHVV�WR�WKH�FRQVXPHU�WKURXJK�PLON�DQG�GDLU\�SURGXFWV�PD\�EH�UHVSRQVLEOH�IRU�WKH�WUDQVIHU�RI�UHVLVWDQFH�JHQHV�WR�
WKH�PLFURRUJDQLVPV�RI�WKH�LQGLJHQRXV�PLFURELRWD�LQ�WKH�JXW�RI�KXPDQV�>�@��

7KH�VHDUFK�IRU�FRQWURO�PHDVXUHV�DQG�DQWLPLFURELDO�DOWHUQDWLYHV�WR�GHFUHDVH�LQWUDPDPPDU\�LQIHFWLRQV�DUH�QHHGHG�WR�
UHGXFH�ORVVHV�LQ�WKH�GDLU\�VHFWRU��WR�LQFUHDVH�WKH�PRWLYDWLRQ�DQG�SURILWDELOLW\�RI�IDUPHUV�DQG��ODVW��EXW�QRW�OHDVW��WR�SURWHFW�
SXEOLF�KHDOWK��

2QH�SRVVLEOH�DOWHUQDWLYH�LV�SURSROLV��D�QDWXUDO�DQWLPLFURELDO��3URSROLV�LV�D�UHVLQRXV�PDVV�SURGXFHG�E\�Apis mellifera�
EHHV�E\�PDQLSXODWLQJ�UHVLQV�KDUYHVWHG�LQ�VHYHUDO�SODQWV�ZLWK�WKHLU�VDOLYDU\�JODQG�VHFUHWLRQV��ZKLFK�WKH\�XVH�WR�FORVH�WKH�
KLYH�WR�GLIILFXOW�WKH�DFFHVV�RI�LQYDGHUV��,WV�ELRORJLFDO�SURSHUWLHV�DUH�UHODWHG�WR�WKH�FKHPLFDO�FRPSRVLWLRQ��ZKLFK�GLIIHUV�LQ�
LWV�VWUXFWXUH�DQG�FRQFHQWUDWLRQ�GHSHQGLQJ�RQ�WKH�UHJLRQ�RI�SURGXFWLRQ��DYDLODELOLW\�RI�VRXUFHV�IRU�UHVLQ�KDUYHVWLQJ��JHQHWLF�
YDULDELOLW\�RI�WKH�TXHHQ�EHH�DQG�WHFKQLTXH�XVHG�IRU�SURGXFWLRQ�>�@��

7KH�ELRORJLFDO�DFWLYLW\�RI�SURSROLV�KDV�EHHQ�XVHG�LQ�WUDGLWLRQDO�PHGLFLQH�VLQFH�DQFLHQW�WLPHV��'LIIHUHQW�VROYHQWV�KDYH�
DOUHDG\�EHHQ� WHVWHG� IRU�H[WUDFWLQJ�SURSROLV�FRPSRQHQWV�DQG� WR�SURGXFH�H[WUDFWV� >������@��3URSROLV�KDV�EHHQ�VKRZQ� WR�
SRVVHVV�VHYHUDO�SURSHUWLHV��VXFK�DV��DQWLR[LGDQW�DFWLRQ��DQWL�LQIODPPDWRU\� >��@��DQWLXOFHURJHQLF�>��@��DQWLWXPRUDO� >��@��
DQWLGLDEHWRJHQLF�>��@��DQWLDWKHURJHQLF�DQG�DQWL�DQJLRJHQLF�>��@��LPPXQRPRGXODWRU\�>��@��DQWLIXQJDO�>������@��DQWLYLUDO�
>��@��QDPHO\�IRU�KXPDQ�LPPXQRGHILFLHQF\�YLUXV��DQWL�+,9��>��@��DQWL�EDFWHULDO�>������@�DQG�DFWLQJ�YHUVXV�VRPH�YLUXOHQFH�
IDFWRUV��VXFK�DV�DQWLELRILOP�>������@�DQG�DQWLPRWLOLW\�>������@��

7KH� DLP� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� HYDOXDWH� WKH� in vitro� DFWLYLW\� RI� SURSROLV� HWKDQRO� H[WUDFWV� �3((�� DJDLQVW�
VWDSK\ORFRFFL�LVRODWHG�IURP�PDVWLWLF�PLON�RI�VKHHS�DQG�JRDWV��

���0DWHULDOV�DQG�PHWKRGV�

������6WDSK\ORFRFFL�LVRODWHV�

7KLUW\�ILYH�Staphylococcus aureus�DQG�����FRDJXODVH�QHJDWLYH�VWDSK\ORFRFFL��&16��ZHUH�LVRODWHG�IURP�VPDOO�UXPLQDQW�
PLON�VDPSOHV��6HYHQ�UHIHUHQFHV�VWUDLQV�ZHUH�DOVR�XVHG��ILYH�S. aureus��$7&&��������$7&&��������&2/��)5,������DQG�
)5,������DQG�WZR�S. epidermidis��$7&&��������DQG�$7&&���������

������$QWLPLFURELDO�6HQVLWLYLW\�7HVW��$67����GLVN�GLIIXVLRQ�PHWKRG�

7KH�$67�IROORZHG�WKH�SHUIRUPDQFH�VWDQGDUG�0���$���&/6,�>��@�XVLQJ� WKH�.LUE\�%DXHU�GLIIXVLRQ�PHWKRG��%DFWHULDO�
FXOWXUHV�ZHUH�VXVSHQGHG�LQ�VWHULOH�VDOLQH�VROXWLRQ�ZKRVH�WXUELGLW\�ZDV�DGMXVWHG�DW�����RI� WKH�0DF)DUODQG�VFDOH���[����
FIX�P/��DQG�FRQILUPHG� LQ� WXUELGLPHWHU� �'HQVL&KHN��ELR0pULHX[���7KH�VXVSHQVLRQ�ZDV� LQRFXODWHG�RQWR� WKH�VXUIDFH�RI�
0XOOHU�+LQWRQ�DJDU��0+$��SODWHV��2[RLG��&0������DQG�DIWHU���PLQXWHV�DW�URRP�WHPSHUDWXUH��DQWLPLFURELDO�GLVNV�ZHUH�
DSSOLHG�ZLWK�WKH�DLG�RI�D�GLVN�GLVSHQVHU��2[RLG��67��������7KH�SODWHV�ZHUH�LQFXEDWHG�DW�����&�IRU�DSSUR[LPDWHO\�����KRXUV�
DQG�WKH�LQKLELWLRQ�]RQH�GLDPHWHU�ZDV�PHDVXUHG��7KH�OLVW�RI����DQWLPLFURELDOV�VWXGLHG��XVHG�LQ�LQWUDPDPPDU\�DQWLELRWLFV�
SUHSDUDWLRQV��DUH�JURXSHG�DFFRUGLQJ�WR�WKHLU�FKHPLFDO�VWUXFWXUH�DQG�WKHLU�PRGH�RI�DFWLRQ�LQ�7DEOH����
7DEOH��� �$QWLEDFWHULDO�DJHQWV��WKHLU�FODVVHV��DQG�WKHLU�FRUUHVSRQGLQJ�PRGH�RI�DFWLRQ��

$QWLPLFURELDOV� &ODVV� 0RGH�RI�DFWLRQ�
3HQLFLOOLQ�
$PSLFLOOLQ�
&OR[DFLOOLQ�

$PR[LFLOOLQ���&ODYXODQLF�$FLG�
2[DFLOOLQ�
&HSKDOH[LQ�
&HID]ROLQ�
&HIWULD[RQH�
&HIRSHUD]RQH�

ȕ�/$&7$06
6HPLV\QWKHWLF�SHQLFLOOLQV�

�
�
�

&HSKDORVSRULQV�
Generation I!

Generation III!
�

&HOO�ZDOO�LQKLELWRUV�

6WUHSWRP\FLQ�
*HQWDP\FLQ�
1HRP\FLQ�

�
$PLQRJO\FRVLGHV� 3URWHLQ�V\QWKHVLV�LQKLELWRUV�

/LQFRP\FLQ� /LQFRVDPLGHV
7HWUDF\FOLQH� 7HWUDF\FOLQHV�
&LSURIOR[DFLQ� )OXRURTXLQRORQHV '1$�UHSOLFDWLRQ�LQKLELWRU�

&RWULPR[D]ROH��6XOIDPLGHV���7ULPHWKRSULP�� &KHPRWKHUDSHXWLF�DJHQWV &RPSHWLWLYH�LQKLELWRU�

������3URSROLV�(WKDQRO�([WUDFWV��3((��

7HQ�SURSROLV�VDPSOHV��VHYHQ�IURP�%UD]LO��*UHHQ��5HG���5HG���%URZQ���%URZQ���%URZQ���DQG�%URZQ����DQG�WKUHH�IURP�
3RUWXJDO��%URZQ���%URZQ���DQG�%URZQ���ZHUH�FROOHFWHG�IURP�DSLDULHV�ORFDWHG�LQ�GLIIHUHQW�UHJLRQV��
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3URSROLV� HWKDQRO� H[WUDFWV�ZHUH� SUHSDUHG� DFFRUGLQJ� WR� WKH� RIILFLDO� VWDQGDUGV� IRU� H[WUDFWV� SURGXFWLRQ� LQ�1RUPDWLYH�
,QVWUXFWLRQ� 1�� ��� ������������ SXEOLVKHG� E\� WKH� 'HSDUWPHQW� RI� ,QVSHFWLRQ� RI� $QLPDO� 3URGXFWV� RI� WKH� 0LQLVWU\� RI�
$JULFXOWXUH��/LYHVWRFN�DQG�)RRG�6XSSO\��%UD]LO�>��@��&ROG�PDFHUDWLRQ�RI�����J�RI�UDZ�SURSROLV�LQ�����P/�RI�����HWKDQRO�
ZDV�SHUIRUPHG��UHVXOWLQJ�LQ�D�����3((��7KH�SUHSDUDWLRQV�ZHUH�NHSW�DW�URRP�WHPSHUDWXUH��SURWHFWHG�IURP�OLJKW��IRU����
GD\V��$IWHU�WKLV�SHULRG��H[WUDFWV�ZHUH�ILOWHUHG�ZLWK�D�VWHULOH�IXQQHO�DQG�ILOWHU�SDSHU��([WUDFWV�ZHUH�NHSW�XQGHU�UHIULJHUDWLRQ�
DW����&��LQ�DPEHU�ERWWOHV��XQWLO�XVH��

����In vitro�DQWLPLFURELDO�DFWLYLW\�RI�SURSROLV�H[WUDFWV�

In vitro�DQWLPLFURELDO�DFWLYLW\�RI�SURSROLV�HWKDQRO�H[WUDFWV�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�&/6,�SURWRFRO�0���$��>��@��
$� WRWDO� RI� ���� ȝ/� RI� ���� 3((� ZHUH� DGGHG� WR� ���� �/� RI�0XHOOHU�+LQWRQ� %URWK� �0+%�� �2[RLG�� &0������� LQ�

SRO\VW\UHQH�IODW�ERWWRPHG����ZHOO�PLFURWLWHU�SODWHV��LQ�WULSOLFDWH��E\�WKH�PLFURGLOXWLRQV�PHWKRGRORJ\�IRU�FRQFHQWUDWLRQV�
EHWZHHQ������DQG�����PJ�P/��(WKDQRO�������ZDV�XVHG�DV�D�FRQWURO��WR�HQVXUH�WKDW�WKH�UHVXOWLQJ�DQWLPLFURELDO�DFWLRQ�ZDV�
QRW�GXH�WR�WKH�HWKDQRO�XVHG�IRU�H[WUDFW�SURGXFWLRQ��

$�VXVSHQVLRQ�ZLWK�D�WXUELGLW\�HTXLYDOHQW�WR�D�����0F)DUODQG�VWDQGDUG���[����FIX�P/��ZDV�PDGH�IRU�HDFK�EDFWHULDO�
FXOWXUH�XVLQJ�D�WXUELGLPHWHU��'HQVL&KHN��ELR0pULHX[���DQG�ZDV�IXUWKHU�GLOXWHG�WR�UHDFK�D�FRQFHQWUDWLRQ�RI��[����FIX�P/��
0LFURSODWHV� ZHUH� LQFXEDWHG� DW� ���&� IRU� DSSUR[LPDWHO\� ��� KRXUV�� ,Q� RUGHU� WR� GHWHUPLQH� WKH� PLQLPXP� EDFWHULFLGDO�
FRQFHQWUDWLRQ��0%&���D����SLQ�PLFURSODWH�UHSOLFDWRU��%RHNHO�6FLHQWLILF��ZDV�XVHG�WR�LQRFXODWH�DSSUR[LPDWHO\����ȝO�RI�
HDFK�GLOXWLRQ�RQWR�D�����PP�GLDPHWHU�3HWUL�GLVK�ZLWK�0XHOOHU�+LQWRQ�$JDU��0+$���)LJ������$QDO\VHV�ZHUH�SHUIRUPHG�LQ�
WULSOLFDWH��DQG�3HWUL�GLVKHV�LQFXEDWHG�IRU����KRXUV�DW�����&��7KH�0%&�LV�GHILQHG�DV�WKH�ORZHVW�GLOXWLRQ�WKDW�LQDFWLYDWHG�WKH�
LQRFXOXP��
�

�
)LJ�� �� � 0LQLPXP� %DFWHULFLGDO� &RQFHQWUDWLRQ� �0%&�� PHWKRGRORJ\�� SRO\VW\UHQH� IODW�ERWWRPHG� ���ZHOO� PLFURWLWHU� SODWHV�� ���SLQ�
PLFURSODWH�UHSOLFDWRU��DQG�����PP�GLDPHWHU�3HWUL�GLVK��

���5HVXOWV�

����$QWLPLFURELDO�VXVFHSWLELOLW\�WHVW�RI�VWDSK\ORFRFFL�

6WDSK\ORFRFFL�LVRODWHV�DQG�UHIHUHQFH�VWUDLQV�KDYH�VKRZQ�GLVWLQFW�UHVLVWDQFH�UDWHV�WR�WKH�WHVWHG�DQWLPLFURELDOV��7KLUW\�HLJKW�
SHUFHQW�RI�DOO�����VWDSK\ORFRFFL�ZHUH�UHVLVWDQW�WR�VWUHSWRP\FLQ������WR�SHQLFLOOLQ������WR�DPSLFLOOLQ�DQG�OLQFRP\FLQ������
WR�FOR[DFLOOLQ�DQG�R[DFLOOLQ�DQG�����WR�WHWUDF\FOLQH��/HVV�WKDQ�����RI�DOO�VWDSK\ORFRFFL�ZHUH�IRXQG�WR�EH�UHVLVWDQW�WR�DOO�
RWKHU�DQWLPLFURELDOV��)LJ������1HYHUWKHOHVV��DW�OHDVW�RQH�UHVLVWDQW�VWDSK\ORFRFFXV�WR�HDFK�DQWLPLFURELDO�ZDV�IRXQG��
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�
)LJ���� �$QWLPLFURELDO�UHVLVWDQFH�RI�����VWDSK\ORFRFFL�LVRODWHV�DQG�UHIHUHQFH�VWUDLQV��

����$QWLPLFURELDO�DFWLYLW\�RI�3((�DJDLQVW�VWDSK\ORFRFFL��

%DFWHULDO�DFWLYLW\�LV�VKRZQ�LQ�)LJ�����,GHQWLILFDWLRQV�SHU�FROXPQ�DUH�VKRZQ�IURP�OHIW�WR�ULJKW���VW���QG�DQG��UG�DUH�WULSOLFDWHV�
RI� GLOXWLRQV�RI�%URZQ�� H[WUDFW�� �WK�� �WK� DQG��WK� DUH� WULSOLFDWHV� RI�GLOXWLRQV�RI� WKH�5HG�� H[WUDFW�� �WK�� �WK� DQG��WK� DUH�
WULSOLFDWHV�RI�%URZQ��GLOXWLRQV����WK� LV� HWKDQRO� FRQWURO� �����HWKDQRO�GLOXWLRQV�ZLWK� LQRFXOXP�����WK�QHJDWLYH�FRQWURO�
�0+%�FXOWXUH�PHGLXP�RQO\��DQG���WK�SRVLWLYH�FRQWURO��FXOWXUH�PHGLXP�ZLWK�LQRFXOXP���'LIIHUHQW�GLOXWLRQV�RI�HDFK�3((�
DUH�SRVLWLRQHG�LQ�GLIIHUHQW�URZV���

�

)LJ���� �0LQLPXP�%DFWHULFLGDO�&RQFHQWUDWLRQ��0%&���3HWUL�GLVK�VKRZLQJ�WKH�JURZWK�RI�D�EDFWHULDO�LVRODWH�LQ�WKH�SUHVHQFH�RI�%URZQ���
5HG��DQG�%URZQ��3((��
�
� $OO� ���� VWDSK\ORFRFFL� LVRODWHV� UHYHDOHG� VXVFHSWLELOLW\� WR� DOO� EXW� RQH�RI� WKH� VWXGLHG�3((�� LQ� FRQFHQWUDWLRQV� UDQJLQJ�
EHWZHHQ�������DQG�������PJ�P/��)XUWKHUPRUH��WKH�LQKLELWRU\�DFWLYLW\�ZDV�EDFWHULFLGDO��0RVW�3((�PLQLPDO�EDFWHULFLGDO�
FRQFHQWUDWLRQ�IRU�PRVW�LVRODWHV�ZDV������PJ�P/��%URZQ��ZDV�WKH�RQO\�3((�WKDW�VKRZHG�OHVV�DQWLPLFURELDO�DFWLYLW\�DJDLQVW�
WKH�VWXGLHG�LVRODWHV��)LJ������

Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ ϯϬ ϯϱ ϰϬ

'ĞŶƚĂŵǇĐŝŶ
�ĞĨĂǌŽůŝŶ

�ŵŽǆŝĐŝůůŝŶ�н��ůĂǀƵůĂŶŝĐ��ĐŝĚ
�ŝƉƌŽĨůŽǆĂĐŝŶ
�ĞĨŽƉĞƌĂǌŽŶĞ
�ŽƚƌŝŵŽǆĂǌŽůĞ
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WĞŶŝĐŝůůŝŶ

^ƚƌĞƉƚŽŵǇĐŝŶ

^ƚĂƉŚǇůŽĐŽĐĐŝ�ŝƐŽůĂƚĞƐ�;йͿ
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�
)LJ���� �0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ�RI����3((�DJDLQVW�����VWDSK\ORFRFFL�LVRODWHV��

�
� $OO� EXW� RQH� LVRODWH� ZHUH� LQKLELWHG� ZLWK� FRQFHQWUDWLRQV� EHWZHHQ� ������ DQG� ������ PJ�P/� RI� WKH� QLQH� 3((�� 7KH�
FRQFHQWUDWLRQ�RI�������PJ�P/��RI�WKHVH�QLQH�3((��LV�DGHTXDWH�WR�LQKLELW�Staphylococcus�LVRODWHV��5HG��DQG�%URZQ��3((�
ZHUH�EDFWHULFLGDO�WR�DOO�LVRODWHV�DW�WKH�FRQFHQWUDWLRQ�RI������PJ�P/��5HG���%URZQ�����DQG���H[WUDFWV�VKRZHG�EDFWHULFLGDO�
DFWLYLW\�ZLWK�WKH�ORZHVW�FRQFHQWUDWLRQV��7KLV� ODVW�RQH��%URZQ���FROOHFWHG�LQ�37��VKRZHG�WR�LQKLELW�PRUH�LVRODWHV�DW�DOO�
FRQFHQWUDWLRQV��)LJ������VKRZLQJ�WKH�EHVW�SHUIRUPDQFH��)ROORZLQJ�EHVW�SHUIRUPDQFH�ZDV�IRU�%URZQ���WKHQ�5HG��IROORZHG�
E\�%URZQ���%URZQ��DQG�%URZQ��3((�VKRZHG�TXLWH� VLPLODU� DQWLPLFURELDO� DFWLYLW\��*UHHQ�3((�VKRZHG�DQ� LQKLELWRU\�
DFWLYLW\�QRW�PXFK�GLIIHUHQW�IURP�%URZQ���%URZQ��DQG�%URZQ��3((��
�

�
)LJ���� �$QWLPLFURELDO�DFWLYLW\�RI����3((�DJDLQVW�����VWDSK\ORFRFFL�LVRODWHV��
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5HJDUGLQJ� WKH� DQWLPLFURELDO� DFWLYLW\� RI� WKH� 3((� DJDLQVW� WKH� VWXGLHG� UHIHUHQFH� VWUDLQV� �)LJ�� ���� DOO� VWUDLQV� VKRZHG�
VHQVLWLYLW\� WR� WKH�VDPH�QLQH�3((��LQ�FRQFHQWUDWLRQV�EHWZHHQ�����DQG�������PJ�P/��DQG���S. aureus���������UHYHDOHG�
VHQVLWLYLW\�WR�%URZQ��H[WUDFW��EHWZHHQ�����DQG�����PJ�P/�FRQFHQWUDWLRQV��7ZR�UHIHUHQFH�VWUDLQV��S. epidermidis�$7&&�
������DQG��������VKRZHG�%URZQ��UHVLVWDQFH��ZKLFK�ZDV�WKH�RQH�WKDW�VKRZHG�OHVV�DQWLPLFURELDO�DFWLYLW\�DJDLQVW�DOO�WKH�
VWUDLQV�WHVWHG��3((�%URZQ��DQG���VKRZHG�DQWLPLFURELDO�DFWLYLW\�DW�ORZHU�FRQFHQWUDWLRQV��

�

�
)LJ���� �0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ�RI����3((�DJDLQVW�UHIHUHQFH�VWUDLQV��

���'LVFXVVLRQ�
,Q�WKLV�VWXG\��UHVLVWDQFH�UDWH�ZDV�KLJKHU�WR�VWUHSWRP\FLQ��������IROORZHG�E\�SHQLFLOOLQ��������DPSLFLOOLQ�DQG�OLQFRP\FLQ�
������� $OWKRXJK� DQWLPLFURELDO� UHVLVWDQFH� LV� QRW� SDUWLFXODUO\� KLJK� IRU� DOO� WHVWHG� DQWLPLFURELDOV�� LW� LV� QRWHZRUWK\� WKDW�
UHVLVWDQW�LVRODWHV�ZHUH�IRXQG�WR�DOO�DQWLPLFURELDOV�DQG�WKDW�����LVRODWHV�VKRZHG�UHVLVWDQFH�WR�FOR[DFLOOLQ�DQG�R[DFLOOLQ��
ZKLFK�LV�PRVWO\�UHOHYDQW��DV�PHWKLFLOOLQ�UHVLVWDQW�VWDSK\ORFRFFL�DUH�D�UHDO�VFRXUJH�IRU�SXEOLF�KHDOWK��6WDSK\ORFRFFL�LVRODWHG�
IURP�WKH�PLON�RI�VPDOO�UXPLQDQW�ZLWK�PDVWLWLV�ZLWK�ORZ�UHVLVWDQFH�SDWWHUQV�KDYH�EHHQ�PHQWLRQHG�E\�RWKHU�UHVHDUFKHUV�>���
��@�� 1HYHUWKHOHVV�� VRPH� UHSRUWV� LQGLFDWH�S. aureus IURP� HZHV¶� VXEFOLQLFDO�PDVWLWLV ZLWK� D� KLJK� UDWH� RI� UHVLVWDQFH� WR�
DPSLFLOOLQ�� FHIDORWLQ�� FHSKDOH[LQ�� JHQWDPLFLQ�� VWUHSWRP\FLQ�� HU\WKURP\FLQ�� R[\WHWUDF\FOLQH� DQG� VXOSKRQDPLGH� ZLWK� D�
SHUFHQWDJH�IURP������WR�������>��@��$GGLWLRQDOO\��2QQL�et al.� >��@�UHSRUWHG�����S. epidermidis�DVVRFLDWHG�ZLWK�RYLQH�
PDVWLWLV��Q� �����UHVLVWDQW�WR�SHQLFLOOLQ��

([FHSW�IRU�%URZQ��3((��DOO�WKH�RWKHU�3((�VKRZHG�LQKLELWRU\�DFWLYLW\�DJDLQVW�DOO�VWDSK\ORFRFFL�LVRODWHV��)XUWKHUPRUH��
DOO�WHQ�3((�DUH�EDFWHULFLGDO��ZKLFK�LV�D�YHU\�LPSRUWDQW�IHDWXUH�RI�SURSROLV��)RU�H[DPSOH��HVVHQWLDOV�RLOV��(2��RI�$URPDWLF�
DQG�0HGLFLQDO�3ODQWV��$03��KDYH�EHHQ�WHVWHG�IRU�WKHLU�DQWLPLFURELDO�HIIHFW�DJDLQVW�VWDSK\ORFRFFL��DQG�WKH\�ZHUH�IRXQG�WR�
EH�RQO\�EDFWHULRVWDWLF�>��@��

'XH�WR�EDFWHULDO�UHVLVWDQFH�WR�DQWLPLFURELDOV��UHVHDUFKHUV�DUH�H[SORULQJ�WKH�QDWXUDO�FRPSRQHQWV�RI�SURSROLV�IRU�WKHLU�
DQWLPLFURELDO�SURSHUWLHV�>��@��3ODQW�FRPSRXQGV�KDYH�EHHQ�VKRZQ�QRW�WR�EH�SURQH�WR�GHYHORS�DFTXLUHG�EDFWHULDO�UHVLVWDQFH�
HYHQ�DIWHU�SURORQJHG�H[SRVXUH�>��@��

7KH�DQWLPLFURELDO�DFWLYLW\�RI�SURSROLV�KDV�EHHQ�DGGUHVVHG�EHIRUH�E\�RWKHU�DXWKRUV�>������������@��7KH�DQWLEDFWHULDO�
DFWLYLW\�RI�3((�RYHU�WKH�EDFWHULDO�FHOO�ZDOO�ZDV�FRQILUPHG�WKURXJK�DWRPLF�IRUFH�PLFURVFRS\��$)0��LPDJHV��)XUWKHUPRUH��
LW�LV�SRVVLEOH�WR�GLIIHUHQWLDWH�WKH�GHJHQHUDWLYH�DELOLW\�RI�SURSROLV�DJDLQVW�*UDP�QHJDWLYH�DQG�*UDP�SRVLWLYH�EDFWHULD��,Q�
IDFW��3((�ZHUH�IRXQG�WR�EH�PRUH�HIIHFWLYH�DJDLQVW�WKH�*UDP�SRVLWLYH�S. aureus�>��@��

3URSROLV�H[WUDFWV�FDQ�EH�XVHG�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�DQWLPLFURELDOV�>��@��7KLV�PL[WXUH�UHSUHVHQWV�D�V\QHUJ\�WKDW�
SRWHQWLDWHV� WKH� DQWLPLFURELDO� SRZHU�RI� DQWLELRWLFV� DJDLQVW� YDULRXV�PLFURRUJDQLVPV��0LQLPDO� LQKLELWRU\� FRQFHQWUDWLRQV�
�0,&��RI�SHQLFLOOLQ�*��GR[\F\FOLQH��VWUHSWRP\FLQ��FOR[DFLOOLQ��FKORUDPSKHQLFRO��FHSKUDGLQH��DPSLFLOOLQ��DQG�SRO\P\[LQ�
%�ZHUH�HVWDEOLVKHG��LQ�WKH�DEVHQFH�RI�3((��DJDLQVW�S. aureus��:KHQ�3((�ZDV�DGGHG�DW�FRQFHQWUDWLRQV�RI�XS�WR�����ȝJ�PO�
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WR� DQWLPLFURELDO� VROXWLRQV�� D� KLJK� V\QHUJLVWLF� HIIHFW� ZDV� REVHUYHG� LQ� WKH� DQWL�EDFWHULDO� DFWLYLW\� RI� VWUHSWRP\FLQ� DQG�
FOR[DFLOOLQ��DQG�D�PRGHUDWH�V\QHUJLVWLF�HIIHFW�ZLWK�RWKHU�DQWLELRWLFV��EXW�QR�DFWLRQ�ZDV�QRWLFHG�ZKHQ�DW�WKH�MXQFWLRQ�ZLWK�
DPSLFLOOLQ�>��@��2Q�WKH�FRQWUDU\��WKH�JRRG�SHUIRUPDQFH�RI�D�PL[WXUH�RI�SURSROLV�ZLWK�DPSLFLOOLQ��ZDV�REVHUYHG�E\�,VPDHO�
HW�DO��>��@��in vivo��ZKHQ�WUHDWLQJ�VKHHS�DQG�JRDWV�DIIHFWHG�ZLWK�Listeria monocytogenes��7KH�DQLPDOV�WUHDWHG�ZLWK�WKLV�
PL[WXUH�VKRZHG�WKH�EHVW�UHVXOW��FRPSDUHG�WR�WKH�PL[WXUH�RI�FHIRWD[LPH�DQWLELRWLFV��FHIRWD[LPH�DOWHUQDWLYH�ZLWK�JHQWDPLFLQ�
DQG�WULPHWKRSULP�VXOIDGLPHWKR[LQH�FRPELQDWLRQ��7KH�DXWKRU�DOVR�QRWHG�WKDW� WUHDWPHQWV�ZLWK�FRPELQDWLRQV�RI�SURSROLV�
DQG�DQWLELRWLFV�ZHUH�PRUH�HIIHFWLYH�WKDQ�WKRVH�WUHDWPHQWV�ZLWK�RQO\�DQWLELRWLFV��%HWWHU�V\QHUJLVWLF�UHVXOWV�EHWZHHQ�3((�
DQG�DQWLPLFURELDOV�ZHUH�REVHUYHG�ZLWK�FKORUDPSKHQLFRO��JHQWDPLFLQ��QHWLOPLFLQ��WHWUDF\FOLQH�DQG�FOLQGDP\FLQ��DQWLELRWLFV�
�FDXVHUV� LQWHUIHUHQFH� LQ� SURWHLQ� V\QWKHVLV� RI� EDFWHULD��� WKDQ� WKRVH� DQWLELRWLFV� WKDW� VKRZ� RWKHU� IRUPV� RI� DFWLRQ� LQ� WKH�
LQDFWLYDWLRQ�RI�WKH�EDFWHULXP�>��@��

5HVLVWDQW� DQG� PXOWL�UHVLVWDQW� PLFURRUJDQLVPV� WR� DQWLELRWLFV� ZHUH� VXEPLWWHG� WR� DQDO\VLV� ZLWK� VXE�LQKLELWRU\�
FRQFHQWUDWLRQV�RI�3((�WRJHWKHU�ZLWK�DQWLPLFURELDOV��7KH�UHVXOWV�RI�WKH�V\QHUJLVWLF�DFWLRQ�GHPRQVWUDWHG�WKH�SRWHQWLDO�RI�
SURSROLV�WR�LPSURYH�WKH�DFWLRQ�RI�FHUWDLQ�DQWLPLFURELDOV��ZKLFK�KDG�EHHQ�SUHYLRXVO\�XQGHWHFWHG�>��@��6FD]]RFFKLR�et al.�
>��@� DOVR� HYDOXDWHG� VXE�LQKLELWRU\� FRQFHQWUDWLRQV� RI� 3((� DGGHG� WR� GLIIHUHQW� DQWLPLFURELDOV�� 7KHVH� VKRZHG� GLYHUJHQW�
DFWLYLWLHV�DJDLQVW�S. aureus��:KHQ�VXE�LQKLELWRU\�FRQFHQWUDWLRQV�ZHUH�DGGHG�WR�DPSLFLOOLQ��JHQWDPLFLQ�DQG�VWUHSWRP\FLQ�
VKRZHG�KLJK� DQWLPLFURELDO� SRWHQF\� DJDLQVW� WKLV� VWUDLQ��ZKHQ� DGGHG� WR� FKORUDPSKHQLFRO�� FHIWULD[RQH� DQG� YDQFRP\FLQ�
VKRZHG�PRGHUDWH�DFWLYLW\�DQG�ZKHQ�DGGHG�WR�HU\WKURP\FLQ�GLG�QRW�VKRZ�DQWLPLFURELDO�DFWLRQ��

2XU�UHVXOWV�KDYH�FOHDUO\�GHPRQVWUDWHG�WKDW�SURSROLV�PD\�EH�KLJKO\�HIILFLHQW�DV�DQWLPLFURELDO�IRU�Staphylococci�VSS��,WV�
XVH�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�DQWLPLFURELDOV�PD\�EH�DQ�LPSRUWDQW�DOWHUQDWLYH�IRU�WKH�FRQWURO�RI�VPDOO�UXPLQDQW�PDVWLWLV��
ZLWK�UHPDUNDEOH�DGYDQWDJHV�IRU�SXEOLF�KHDOWK��
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