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)HPDOH�5HVLVWDQFH�WR�3QHXPRQLD�,GHQWLILHV�/XQJ�0DFURSKDJH�1LWULF�2[LGH���
6\QWKDVH���DV�D�7KHUDSHXWLF�7DUJHW���

���

$XWKRUV�����

=��<DQJ���<�&��+XDQJ���+��.R]LHO���5��GH�&URP���+��5XHWWHQ���3��:RKOIDUW���5�:��7KRPVHQ���-����
$��.DKOHUW���+�7��6RUHQVHQ���6��-R]HIRZVNL���$��&ROE\���/��.RE]LN���
����

$IILOLDWLRQV�����

����
�'HSW�RI�(QYLURQPHQWDO�+HDOWK��+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK��%RVWRQ��0$����

�+XPDQ�6WXGLHV�'LYLVLRQ��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��86����
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��&KDSHO�+LOO��1&����
����
�'LYLVLRQ�RI�3XOPRQDU\��&ULWLFDO�&DUH�DQG�6OHHS�0HGLFLQH��%HWK�,VUDHO�'HDFRQQHVV�0HGLFDO����

&HQWHU��%RVWRQ��0$����

�'HSDUWPHQW�RI�&HOO�%LRORJ\�	�*HQHWLFV��(UDVPXV�8QLYHUVLW\�0HGLFDO�&HQWHU��5RWWHUGDP��7KH����

1HWKHUODQGV����

�6DQRIL�5	'�'LDEHWHV�'LYLVLRQ��)UDQNIXUW�0DLQ��*HUPDQ\����

�'HSDUWPHQW�RI�&OLQLFDO�(SLGHPLRORJ\��$DUKXV�8QLYHUVLW\�+RVSLWDO��$DUKXV��'HQPDUN����

�'HSDUWPHQW�RI�,PPXQRORJ\��-DJLHOORQLDQ�8QLYHUVLW\�0HGLFDO�&ROOHJH��.UDNyZ��3RODQG�����

�'HSDUWPHQW�RI�3DWKRORJ\��%ULJKDP�	�:RPHQ¶V�+RVSLWDO��%RVWRQ��0$����


7R�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG��ONRE]LN#KVSK�KDUYDUG�HGX����

����
&RPSHWLQJ� LQWHUHVWV�� +�� 5XHWWHQ� DQG� 3�� :RKOIDUW� DUH� QDPHG� DV� LQYHQWRUV� RQ� SDWHQWV� �86����

����������� ���������� KHOG� E\� 6DQRIL�� ,QF��� GHVFULELQJ� $9(����� DV� D� XVHIXO� FRPSRXQG� IRU����

FDUGLRYDVFXODU�LQGLFDWLRQV�����



2QH�6HQWHQFH�6XPPDU\��$FWLYDWLRQ�RI�OXQJ�PDFURSKDJH�QLWULF�R[LGH�V\QWKDVH���LPSURYHV�ERWK����
EDFWHULDO�FOHDUDQFH�DQG�RXWFRPH�LQ�SULPDU\�DQG�VHFRQGDU\�SQHXPRQLD�PRGHOV�����

���



����

$EVWUDFW������

����
7R�LGHQWLI\�QHZ�DSSURDFKHV�WR�HQKDQFH�LQQDWH�LPPXQLW\�WR�EDFWHULDO�SQHXPRQLD��ZH�LQYHVWLJDWHG����

WKH� QDWXUDO� H[SHULPHQW� RI� JHQGHU� GLIIHUHQFHV� LQ� UHVLVWDQFH� WR� LQIHFWLRQV�� )HPDOH� DQG� HVWURJHQ����

WUHDWHG�PDOH�PLFH�VKRZ�JUHDWHU�UHVLVWDQFH�WR�SQHXPRFRFFDO�SQHXPRQLD��VHHQ�DV�JUHDWHU�EDFWHULDO����

FOHDUDQFH�� GLPLQLVKHG� OXQJ� LQIODPPDWLRQ� DQG� EHWWHU� VXUYLYDO�� ,Q� YLWUR�� OXQJ�PDFURSKDJHV� IURP����

IHPDOH� PLFH� DQG� KXPDQV� VKRZ� EHWWHU� NLOOLQJ� RI� LQJHVWHG� EDFWHULD�� ,QKLELWRUV� DQG� JHQHWLFDOO\����

DOWHUHG�PLFH� LGHQWLI\�D�FULWLFDO� UROH� IRU�HVWURJHQ�PHGLDWHG�DFWLYDWLRQ�RI� OXQJ�PDFURSKDJH�QLWULF����

R[LGH�V\QWKDVH����126����(SLGHPLRORJLF�GDWD�VKRZ�GHFUHDVHG�KRVSLWDOL]DWLRQ�IRU�SQHXPRQLD�LQ����

ZRPHQ� UHFHLYLQJ� HVWURJHQ� RU� VWDWLQV� �NQRZQ� WR� DFWLYDWH� 126���� 3KDUPDFRORJLF� WDUJHWLQJ� RI����

126�� ZLWK� VWDWLQV� RU� DQRWKHU� VPDOO�PROHFXOH� FRPSRXQG� �$9(������ HQKDQFHG� PDFURSKDJH����

EDFWHULDO�NLOOLQJ�� LPSURYHG�EDFWHULDO� FOHDUDQFH�DQG� LQFUHDVHG�KRVW� VXUYLYDO� LQ�ERWK�SULPDU\�DQG����

VHFRQGDU\� �SRVW�LQIOXHQ]D��SQHXPRQLD�� �7KH�GDWD� LGHQWLI\� D�QRYHO�PHFKDQLVP� IRU� KRVW�GHIHQVH����

YLD�126��DQG�VXJJHVW�D�SRWHQWLDO�WKHUDSHXWLF�VWUDWHJ\�WR�UHGXFH�VHFRQGDU\�EDFWHULDO�SQHXPRQLD����

DIWHU�LQIOXHQ]D�����

����
���



,QWURGXFWLRQ����

����
%DFWHULDO� SQHXPRQLD� UHPDLQV� D� PDMRU� FDXVH� RI� PRUELGLW\� DQG� PRUWDOLW\� ���� ���� 2QH����

DSSURDFK�WR�WKH�SUREOHP�PLJKW�EH�WR�HQKDQFH�LQQDWH�LPPXQLW\�WR�LQIHFWLRQ��1RUPDO�KRVW�GHIHQVHV����

DUH�DOUHDG\�TXLWH�UREXVW��DOEHLW�LPSHUIHFW��DV�WKH\�NHHS�WKH�LQFLGHQFH�RI�SQHXPRQLD�PXFK�ORZHU����

WKDQ� SRVVLEOH� JLYHQ� WKH� QRUPDO� QRFWXUQDO� DVSLUDWLRQ� RI� QDVRSKDU\QJHDO� EDFWHULD�� H�J�� Strep. ���

pneumoniae� ������� 7KH� UHVLGHQW� DOYHRODU� PDFURSKDJH� �$0�� IXQFWLRQV� DV� D� µILUVW� UHVSRQGHU¶����

SKDJRF\WH��LQJHVWLQJ�DQG�NLOOLQJ�LQKDOHG�EDFWHULD��������7KH�LPSRUWDQFH�RI�WKLV�IXQFWLRQ�RI�$0V����

LV� LQGLFDWHG�E\�JUHDWHU� VXVFHSWLELOLW\� WR� LQIHFWLRQ� DQG�GLPLQLVKHG�EDFWHULDO� FOHDUDQFH� DIWHU� WKHLU����

H[SHULPHQWDO� GHSOHWLRQ� ���� ���� RU� WKHLU� LPSDLUPHQW� E\� FOLQLFDO� ULVN� IDFWRUV� VXFK� DV� UHFHQW����

LQIOXHQ]D�LQIHFWLRQ�����������

7R� JXLGH� LQYHVWLJDWLRQ� RI� SRVVLEOH� WDUJHWV� WR� LPSURYH� RU� UHVWRUH� OXQJ� PDFURSKDJH����

DQWLEDFWHULDO� IXQFWLRQ�� ZH� VRXJKW� WR� H[SORLW� WKH� QDWXUDO� H[SHULPHQW� RI� JHQGHU� GLIIHUHQFHV� LQ����

UHVLVWDQFH� WR� LQIHFWLRQV�� ([SHULPHQWDO� PRGHOV� ILQG� WKDW� IHPDOH� PLFH� VKRZ� JUHDWHU� V\VWHPLF����

UHVLVWDQFH�WR�SQHXPRFRFFL����������DQG�WR�PDQ\�RWKHU��EXW�QRW�DOO��SDWKRJHQV������(SLGHPLRORJLF����

VWXGLHV�RI�KXPDQ�SQHXPRQLD�REVHUYH�D�JUHDWHU�LQFLGHQFH�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ����

PDOHV�������DQG�VKRZ�WKDW�PDOHV�DUH�DW�JUHDWHU�ULVN�WKDQ�IHPDOHV�IRU�SQHXPRQLD�DIWHU�DGPLVVLRQ�WR����

KRVSLWDO�DIWHU�DGMXVWLQJ�IRU�RWKHU�ULVN�IDFWRUV�VXFK�DV�VPRNLQJ�DQG�DOFRKRO�XVH�������������

:H� FKRVH� WR� DGGUHVV� WKLV� SUREOHP� E\� XVLQJ� D� PRGHO� RI� SQHXPRFRFFDO� LQIHFWLRQ� WKDW����

DSSUR[LPDWHV� WKH� IUHTXHQW� FKDOOHQJH� WR� OXQJ� GHIHQVHV� E\� VPDOO� QXPEHUV� RI� EDFWHULD�� DQG����

FRPSDULQJ� UHVSRQVHV� LQ� PDOH� DQG� IHPDOH� PLFH�� :H� LGHQWLILHG� JUHDWHU� IHPDOH� UHVLVWDQFH� WR����

LQIHFWLRQ�� PHGLDWHG� LQ� ODUJH� SDUW� E\� HVWURJHQ�GHSHQGHQW� DFWLYDWLRQ� RI� FRQVWLWXWLYH� $0� QLWULF����

R[LGH� V\QWKDVH��� �126���� 3KDUPDFRORJLF� DJHQWV� WKDW� HQKDQFH� 126�� IXQFWLRQ� LPSURYHG����

UHVLVWDQFH� LQ� PRXVH� PRGHOV� RI� ERWK� SULPDU\� OXQJ� LQIHFWLRQ� DQG� SRVW�LQIOXHQ]D� VHFRQGDU\����

SQHXPRQLD��VXJJHVWLQJ�D�VWUDWHJ\�WR�HQKDQFH�UHVLVWDQFH�WR�FRPPRQ�DQG�VHULRXV�OXQJ�LQIHFWLRQV�����

����

5HVXOWV�����

Superior resistance of female mice to pneumococcal pneumonia ���

:H� WHVWHG�HIIHFWV�RI� D� UHODWLYHO\� VPDOO�EDFWHULD� LQRFXOXP�VL]H� WR� VLPXODWH� WKH�FRPPRQ�����

ORZ�OHYHO� FKDOOHQJH� WR� WKH� OXQJV� IURP� DVSLUDWLRQ� RI� XSSHU� DLUZD\� EDFWHULD�� )HPDOH� PLFH� DQG����



HVWURJHQ�WUHDWHG�PDOH�PLFH� VKRZHG�JUHDWHU�FOHDUDQFH�RI�EDFWHULD� IURP� WKH� OXQJV�DQG� OHVV�DFXWH����

LQIODPPDWLRQ� �QHXWURSKLO� LQIOX[�� FRPSDUHG� WR� QRUPDO� RU� VKDP�WUHDWHG� PDOHV� ��� KRXUV� DIWHU����

LQRFXODWLRQ� RI� 6WUHS�� SQHXPRQLDH� �)LJV�� �$� 	� %��� 3LORW� H[SHULPHQWV� FRPSDUHG� HIILFLHQF\� RI����

GHOLYHU\� LQ�PDOH�YV� IHPDOH�PLFH�E\�PHDVXULQJ�EDFWHULDO�&)8V���PLQXWHV�DIWHU� LQVWLOODWLRQ��7KH����

UHVXOWV� VKRZHG� VOLJKWO\� JUHDWHU� LQLWLDO� EDFWHULDO� ORDGV� LQ� IHPDOH� PLFH� �S� �� ����� Q�  ���JURXS������

LQGLFDWLQJ�WKDW�WKH�IHPDOH�DGYDQWDJH�GRHV�QRW�UHIOHFW�D� ORZHU�LQRFXOXP�GXH�WR�DQDWRPLF�RU�VL]H����

GLIIHUHQFHV���*UHDWHU�IHPDOH�UHVLVWDQFH�ZDV�DOVR�REVHUYHG�LQ�ORQJHU�GXUDWLRQ�VXUYLYDO�VWXGLHV��)LJ�����

�&���7KH�JHQGHU�GLIIHUHQFHV�ZH�REVHUYHG�ZLWK�����FRORQ\�IRUPLQJ�XQLWV��&)8��ZHUH�QRW�VHHQ�LI�D����

OHWKDO� LQRFXOXP� �a���IROG� KLJKHU�� RI� EDFWHULD� ZDV� XVHG�� DV� ERWK� JHQGHUV� VKRZHG� PDUNHGO\����

LQFUHDVHG�LQIODPPDWLRQ�DQG�OXQJ�F\WRNLQH�OHYHOV��)LJV���'�*������

����

Superior bacterial killing by female alveolar macrophages  ���

7R�FRPSDUH�WKH�LQQDWH�DQWLEDFWHULDO�IXQFWLRQ�RI�DOYHRODU�PDFURSKDJHV�IURP�ERWK�JHQGHUV�����

ZH�PHDVXUHG�SKDJRF\WRVLV�DQG�NLOOLQJ�RI�SQHXPRFRFFL� LQ�YLWUR�E\�$0V�IURP�QRUPDO�PLFH�DQG����

KXPDQV��$QDO\VLV�RI�EDFWHULDO�ELQGLQJ�DQG�LQWHUQDOL]DWLRQ�VKRZHG�QR�GLIIHUHQFHV�EHWZHHQ�PDOH����

DQG� IHPDOH�PXULQH�$0V� �)LJ�� �$�� %�� VLPLODU� GDWD�ZLWK� KXPDQ�$0V� QRW� VKRZQ��� ,Q� FRQWUDVW�����

NLOOLQJ� RI� LQWHUQDOL]HG� EDFWHULD�ZDV� JUHDWHU� LQ� IHPDOH�$0V� WKDQ�PDOH�$0V� LQ�PRXVH� VDPSOHV����

FKDOOHQJHG�ZLWK�Strep.pneumoniae��DV�ZHOO�DV�ZLWK�RWKHU� OXQJ�SDWKRJHQV�Staph. aureus��DQG�E. ���

Coli� �)LJV�� �&�(��� 6LPLODUO\�� QRUPDO� KXPDQ� IHPDOH� $0V� VKRZHG� JUHDWHU� NLOOLQJ� RI� LQJHVWHG����

SQHXPRFRFFL�WKDQ�WKHLU�PDOH�FRXQWHUSDUWV��)LJ���)�� ����

 ����

NOS3 mediates the female advantage ����

0HFKDQLVPV� IRU� NLOOLQJ� SKDJRF\WRVHG� EDFWHULD� LQFOXGH� SURGXFWLRQ� RI� UHDFWLYH� R[\JHQ�����

VSHFLHV� �526��� H�J��� VXSHUR[LGH� SURGXFHG� E\� 1$'3+� R[LGDVH�� DQG� UHDFWLYH� QLWURJHQ�����

LQWHUPHGLDWHV� �51,���H�J��QLWULF�R[LGH�SURGXFHG�E\�QLWULF�R[LGH�V\QWKDVHV� �126���:H�ILUVW�XVHG�����

PLFH�JHQHWLFDOO\�GHILFLHQW� LQ�1$'3+�R[LGDVH������ WR�PRUH�GLUHFWO\�HYDOXDWH� WKH�LPSRUWDQFH�RI�����

WKLV� SDWKZD\� LQ� YLYR�� %DFWHULDO� FOHDUDQFH� LQ� 1$'3+� R[LGDVH�QXOO� PLFH� ZDV� VLJQLILFDQWO\�����

LPSDLUHG�� EXW� GLG� QRW� HOLPLQDWH� WKH� JHQGHU� GLIIHUHQFH�� VLQFH� ERWK�PDOH� DQG� IHPDOH�PLFH�ZHUH�����

DIIHFWHG� DSSUR[LPDWHO\� HTXDOO\� �)LJ�� �$��� $GGLWLRQDO� H[SHULPHQWV� VKRZHG� QR� GLIIHUHQFH� LQ�����

JHQHUDWLRQ�RI�526�E\�PDOH�DQG�IHPDOH�$0V�VWLPXODWHG� WR�XQGHUJR�D�UHVSLUDWRU\�EXUVW� LQ�YLWUR�����



�)LJXUH���ILJXUH�VXSSOHPHQW�����6LPLODUO\��TXDQWLWDWLYH�UHDO�WLPH�3&5�XVLQJ�SULPHUV�IRU�1$'3+�����

R[LGDVH� FRPSRQHQWV� �SKR[���� ���� ���� RU�P\HORSHUR[LGDVH� VKRZHG�QR�GLIIHUHQFH� LQ� H[SUHVVLRQ�����

�GDWD�QRW�VKRZQ�������

7R�H[SORUH�WKH�SRWHQWLDO�UROH�RI�51,��ZH�WHVWHG�WKH�HIIHFW�RI�126�LQKLELWRUV�RQ�EDFWHULDO�����

NLOOLQJ� E\� IHPDOH�PXULQH�$0V� LQ� YLWUR��$V� VKRZQ� LQ� )LJ�� �%�� WKH� QRQ�VHOHFWLYH�126� EORFNHU�����

QLWUR�O�DUJLQLQH��1/$��FDXVHG�VXEVWDQWLDO�LQKLELWLRQ�RI�IHPDOH�$0�NLOOLQJ��ZKLOH�LWV�VWHUHRLVRPHU�����

FRQWURO�1'$�DQG� WKH� LQGXFLEOH�126��L126�RU�126���VSHFLILF� LQKLELWRU�����:�KDG�QR�HIIHFW������

7KLV�VXJJHVWHG�D�UROH�IRU�DQRWKHU�126�LVRIRUP��QDPHO\�WKH�FRQVWLWXWLYHO\�H[SUHVVHG�HQGRWKHOLDO�����

W\SH�126��IRXQG�LQ�DOYHRODU�DQG�RWKHU�PDFURSKDJHV����������7KLV�SRVWXODWH�ZDV�GLUHFWO\�WHVWHG�����

XVLQJ�PLFH�JHQHWLFDOO\�GHILFLHQW�LQ�126���,Q�YLWUR��GHILFLHQF\�LQ�126��GLG�QRW�DOWHU�NLOOLQJ�E\�����

PDOH�PDFURSKDJHV��EXW�FRPSOHWHO\�DEROLVKHG�WKH�IHPDOH�DGYDQWDJH�LQ�EDFWHULDO�NLOOLQJ��)LJ���&�������

,Q�YLYR�� DEVHQFH�RI�126��KDG�PLQLPDO� HIIHFWV�RQ�PDOH� FOHDUDQFH�RI�EDFWHULD�� EXW� UHGXFHG� WKH�����

IHPDOH� DGYDQWDJH� E\� a���� �)LJ�� �'��� �*HQHWLF� GHOHWLRQ� RI�126�� JUHDWO\� UHGXFHG� VXUYLYDO� LQ�����

IHPDOH� PLFH� ZLWK� SQHXPRQLD� �)LJ�� �(��� DQG� WUDQVJHQLF� RYHUH[SUHVVLRQ� RI� 126�� LQFUHDVHG�����

EDFWHULDO�FOHDUDQFH�LQ�PDOH�PLFH��)LJ���)���VXSSRUWLQJ�WKH�IXQFWLRQDO�LPSRUWDQFH�RI�WKLV�SDWKZD\������

7KH� ��� KRXU� LQ� YLYR� EDFWHULDO� FOHDUDQFH� DVVD\� SURYLGHV� HQRXJK� WLPH� IRU� LQGXFWLRQ� RI� 126�������

ZKLFK� LV� NQRZQ� WR� PHGLDWH� PDFURSKDJH� DQWLPLFURELDO� IXQFWLRQ� LQ� URGHQWV� ������ 7R� WHVW� WKH�����

FRQWULEXWLRQ� RI� WKLV� LVRIRUP�� ZH�PHDVXUHG� EDFWHULDO� FOHDUDQFH� LQ� 126��GHILFLHQW� PLFH� DQG� LQ�����

PLFH�WUHDWHG�ZLWK�WKH�126��LQKLELWRU�����:��7KH�GDWD�VKRZ�WKDW�PDOH�PLFH�GR�UHO\�RQ�126�������

VLQFH�FOHDUDQFH�RI�SQHXPRFRFFL�ZDV�PDUNHGO\�ZRUVH�LQ�126��GHILFLHQW�RU�����:�WUHDWHG�PLFH�����

FRPSDUHG� WR� FRQWUROV� �)LJV� �*�	�+��� � ,Q� FRQWUDVW�� IHPDOH�PLFH� VKRZHG� D� WUHQG� IRU� LPSURYHG�����

FOHDUDQFH�ZKHQ�Nos2�ZDV� JHQHWLFDOO\� GHOHWHG� �)LJ� �*��� VLPLODU� UHVXOWV�ZHUH� VHHQ� LQ�ZLOG�W\SH�����

IHPDOH� PLFH� DIWHU� SKDUPDFRORJLF� LQKLELWLRQ� RI� 126�� �)LJ�� �+��� 6LQFH� 12� LWVHOI� FDQ� LQKLELW�����

126��IXQFWLRQ�����������WKH�GDWD�VXJJHVW�WKDW�ORZ�OHYHO�EDVDO�126��RU�126��LQGXFWLRQ�DFWXDOO\�����

KDPSHUV�WKH�EHQHILFLDO�DFWLYLW\�RI�126��LQ�IHPDOHV�������

�����

Estrogen effects on NOS3 ����

7R�IDFLOLWDWH�ELRFKHPLFDO�DQDO\VLV�RI�HVWURJHQ�HIIHFWV�RQ�PDFURSKDJH�IXQFWLRQ��ZH�WHVWHG�����

WKH� HIIHFW� RI� HVWURJHQ� RQ� EDFWHULDO� XSWDNH� DQG� NLOOLQJ� E\�PDFURSKDJH� FHOO� OLQHV��7KH� FHOO� OLQHV�����

ZHUH� FXOWXUHG� XVLQJ� KRUPRQH�IUHH� VHUXP�� $IWHU� HVWURJHQ� WUHDWPHQW�� WKH�PDFURSKDJH� FHOO� OLQHV�����

-���$����PXULQH��DQG�8�����KXPDQ��VKRZHG�LQFUHDVHG�NLOOLQJ�RI�LQWHUQDOL]HG�EDFWHULD��)LJ��$������



%��� DOWKRXJK� QR� GLIIHUHQFHV� LQ� ELQGLQJ� RU� LQWHUQDOL]DWLRQ� RI� EDFWHULD� ZHUH� REVHUYHG� �GDWD� QRW�����

VKRZQ���7KLV�LQFUHDVHG�NLOOLQJ�FDSDFLW\�ZDV�LQKLELWHG�E\�WKH�126�LQKLELWRUV�1/$�RU�/�100$������

EXW�QRW�WKHLU�VWHUHRLVRPHU�FRQWUROV�� �$IWHU�HVWURJHQ�WUHDWPHQW������QJ�PO����KRXU���ZH�PHDVXUHG�����

VOLJKW�� DOEHLW� FRQVLVWHQW�� LQFUHDVHV� LQ� QLWULWH� SURGXFWLRQ� E\� EDFWHULD�FKDOOHQJHG� -���$�������

PDFURSKDJHV� �S� �� ����� SDLUHG� W�WHVW�� Q�  � ����� 7KH� LQFUHDVH� �a��� SPROHV� 12�
�� � SHU� ��������

PDFURSKDJHV��LV�FRQVLVWHQW�ZLWK�WKH�VPDOO�OHYHOV�DWWULEXWHG�WR�126��DFWLYLW\�LQ�QRUPDO�UDW�$0V�����

�a���SPROHV�����FHOOV�������DQG�ZLWK�WKH�UDWH�RI�12�UHOHDVH�REVHUYHG�XSRQ�HVWURJHQ�VWLPXODWLRQ�����

RI�KXPDQ�PRQRF\WHV�����������

6WXGLHV� RI� 126�� LQ� HQGRWKHOLDO� FHOO� ELRORJ\� KDYH� LGHQWLILHG� UDSLG� DFWLYDWLRQ� YLD�����

SKRVSKRU\ODWLRQ� RI� 126�� DW� VHULQH� ����� ������ DQG� KDYH� VKRZQ� WKDW� HVWURJHQ� PHGLDWHV� WKLV�����

DFWLYDWLRQ�YLD�VSHFLILF�VLJQDOLQJ�FDVFDGHV��VXFK�DV�SKRVSKR�LQRVLWRO���NLQDVH�DQG�SURWHLQ�NLQDVH�����

%��DOVR�NQRZQ�DV�$NW������������7R�LQYHVWLJDWH�WKH�SDWKZD\�LQ�PDFURSKDJHV��ZH�FXOWXUHG�-���$�������

PDFURSKDJHV� LQ� KRUPRQH�IUHH� VHUXP�� � :HVWHUQ� EORW� DQDO\VLV� RI� UHVSRQVHV� DIWHU� DGGLWLRQ� RI�����

HVWURJHQ� WR� -���$��� FHOOV� VKRZHG� UDSLG� SKRVSKRU\ODWLRQ� RI� $NW� DQG� 126�� LQ� UHVSRQVH� WR�����

HVWURJHQ��)LJ���&��IROG�LQFUHDVH�����������������������UHVSHFWLYHO\��Q� ������S��������DQG�EDVDOO\�����

LQFUHDVHG�OHYHOV�RI�S126��DQG�S$NW�LQ�QRUPDO�IHPDOH�PRXVH�$0V�FRPSDUHG�WR�PDOH�$0V��)LJ������

�&�� IROG�LQFUHDVH� ���� �� ����� ���� �� ����� S$NW� DQG� S126�� UHVSHFWLYHO\�� Q�  � ����� S� �� ������ 7KH�����

:HVWHUQ� EORW� DQDO\VLV� DOVR� VKRZV� WKDW� WKH� DPRXQW� RI� 126�� LQ� WKH� PDFURSKDJH� FHOO� OLQH� DQG�����

SULPDU\� $0V� LV� TXLWH� ORZ�� DW� OHDVW� �� RUGHUV� RI� PDJQLWXGH� ORZHU� WKDQ� SUHVHQW� LQ� WKH� SRVLWLYH�����

FRQWURO� E(QG��� HQGRWKHOLDO� FHOO� OLQH� VDPSOHV�� $� UROH� IRU� 3,�.� LQ� WKH� VLJQDOLQJ� FDVFDGH� ZDV�����

VXSSRUWHG� E\� WKH� GHFUHDVH� LQ� S$NW� OHYHOV�� HLWKHU� EDVDOO\� RU� DIWHU� (��WUHDWPHQW�� LQ� -���$�������

PDFURSKDJHV�WUHDWHG�ZLWK�WKH�LQKLELWRU�ZRUWPDQQLQ��)LJ���'��IROG�LQFUHDVH����������������������������

S$NW�DIWHU�(��RU�(����ZRUWPDQQLQ��UHVSHFW�WLYHO\��Q� ������S�������������

� 7R�WHVW�WKLV�SDWKZD\�PRUH�GLUHFWO\��ZH�DOVR�XVHG�WKH�$NW�LQKLELWRU���/���K\GUR[\PHWK\O�����

FKLUR�LQRVLWRO� ���5����2�PHWK\O���2�RFWDGHF\OFDUERQDWH� ����� WR� WHVW� ZKHWKHU� LW� ZRXOG� EORFN�����

PDFURSKDJH�NLOOLQJ�RI�SQHXPRFRFFL��7KLV�DJHQW�GLG�QRW�DOWHU�EDFWHULDO�ELQGLQJ�RU�LQWHUQDOL]DWLRQ�����

�QRW� VKRZQ���$V� LOOXVWUDWHG� LQ�)LJ�� �(��$NW� LQKLELWLRQ� FRPSOHWHO\� DEURJDWHG� HVWURJHQ�PHGLDWHG�����

HQKDQFHG� NLOOLQJ�� VXSSRUWLQJ� D� IXQFWLRQDO� UROH� IRU� $NW� LQ� HVWURJHQ�PHGLDWHG� DFWLYDWLRQ� RI�����

PDFURSKDJHV������

� 7R�EHJLQ�WHVWLQJ�RI�WKH�WUDQVODWLRQDO�SRWHQWLDO�RI�WDUJHWLQJ�126���ZH�ILUVW�WHVWHG�ZKHWKHU�����

ORFDO� GHOLYHU\� RI� HVWURJHQ� WR� WKH� OXQJV� ZRXOG� LPSURYH� UHVLVWDQFH� WR� EDFWHULDO� SQHXPRQLD��:H�����



IRXQG� WKDW� DHURVRO� WUHDWPHQW� RI� PDOH� PLFH� EHIRUH� FKDOOHQJH� ZLWK� SQHXPRFRFFL� LPSURYHG�����

FOHDUDQFH�RI�EDFWHULD� �)LJ���)��� �7KLV�ZDV�HVSHFLDOO\� WUXH� LI�ZH�XVHG�DQ�HVWUDGLRO�FRQMXJDWHG� WR�����

DOEXPLQ��ZKLFK� DFWV� WR� VORZ� DEVRUSWLRQ� RI� WKLV� OLSRSKLOLF� KRUPRQH� �V\VWHPLF� XSWDNH� EHLQJ� WKH�����

EDVLV� IRU� D� IRUP� RI� DHURVROL]HG� HVWURJHQ�UHSODFHPHQW� WKHUDS\� IRUPHUO\� XVHG� LQ� PHQRSDXVDO�����

ZRPHQ� �������3RSXODWLRQV�DW� ULVN� IRU� ORFDOL]HG�RXWEUHDNV�RI�SULPDU\�SQHXPRFRFFDO�SQHXPRQLD������

LQFOXGH�HOGHUO\��SRVW�PHQRSDXVDO��QXUVLQJ�KRPH�UHVLGHQWV�������:H�HYDOXDWHG�EDFWHULDO�FOHDUDQFH�����

LQ� D� PRXVH� PRGHO� RI� PHQRSDXVH� WKDW� JUDGXDOO\� GHYHORSV� VHYHUDO� ZHHNV� DIWHU� VXUJLFDO�����

RYDULHFWRP\� ������:H� IRXQG�D�JUDGXDO�GHFOLQH� LQ�EDFWHULDO� FOHDUDQFH� LQ�RYDULHFWRPL]HG� IHPDOH�����

PLFH� WR� QRUPDO�PDOH� OHYHOV� DW� ���ZHHNV� DIWHU� RYDULHFWRP\�� DHURVROL]HG� HVWURJHQ� WUHDWPHQW� RI�����

RYDULHFWRPL]HG�PLFH� UHYHUVHG� WKLV� GHFOLQH� DQG� UHVWRUHG� WKH� QRUPDO�� VXSHULRU� IHPDOH� FOHDUDQFH�����

FDSDFLW\��)LJ���*�������

�����

Targeting NOS3 in primary pneumococcal pneumonia ����

� 6WDWLQV�FDQ�LQFUHDVH�OHYHOV�RI�126��������DQG�KDYH�EHHQ�DVVRFLDWHG�ZLWK�EHQHILFLDO�HIIHFWV�����

RQ� LQFLGHQFH� RI� KRVSLWDOL]DWLRQ� IRU� SQHXPRQLD� DQG� VXEVHTXHQW� PRUWDOLW\� ����� ����� 7R� VWXG\�����

SRVVLEOH�HIIHFWV�RQ�LQQDWH�LPPXQLW\�DQG�LQLWLDO�UHVLVWDQFH�WR�SQHXPRQLD��ZH�PHDVXUHG�WKH�HIIHFWV�����

RI� VWDWLQ� WKHUDS\� DQG� HVWURJHQ�UHSODFHPHQW� WKHUDS\� RQ� WKH� LQFLGHQFH� RI� KRVSLWDOL]DWLRQ� ZLWK�����

SQHXPRQLD� LQ� D� ODUJH� ZHOO�GHILQHG� IHPDOH� KXPDQ� SRSXODWLRQ� LQ� 'HQPDUN� EHWZHHQ� ����� DQG�����

������ 7DEOH� �� VKRZV� WKH� FKDUDFWHULVWLFV� RI� ������� IHPDOH� VXEMHFWV�ZLWK� ILUVW�WLPH� KRVSLWDOL]HG�����

SQHXPRQLD� DQG� �������� DJH�PDWFKHG� IHPDOH� SRSXODWLRQ� FRQWURO� VXEMHFWV�� 7KH� XQDGMXVWHG� 25�����

UHVXOWV� LQ� 7DEOH� �� LQGLFDWH� WKDW� LQ� FUXGH� DQDO\VHV�� HVWURJHQ� XVHUV� KDG� D� VLPLODU� SQHXPRQLD�����

KRVSLWDOL]DWLRQ�ULVN�WKDQ�HVWURJHQ�QRQ�XVHUV��DQG�VWDWLQ�XVHUV�KDG�D�VOLJKWO\�KLJKHU�SQHXPRQLD�ULVN�����

WKDQ�VWDWLQ�QRQ�XVHUV��$IWHU�FRQWUROOLQJ�IRU�FRPRUELGLW\�DQG�RWKHU�FRQIRXQGLQJ�IDFWRUV�DVVRFLDWHG�����

ZLWK�GUXJ�XVH��ZH�IRXQG�WKDW�UHFHLYLQJ�VWDWLQ�WKHUDS\�UHGXFHG�LQFLGHQFH�RI�SQHXPRQLD�UHTXLULQJ�����

KRVSLWDOL]DWLRQ� LQ� IHPDOHV�� ,Q� DGGLWLRQ�� HVWURJHQ�UHSODFHPHQW� WKHUDS\� ZDV� DVVRFLDWHG� ZLWK� D�����

VLPLODU�UHGXFWLRQ��DQG�ZRPHQ�UHFHLYLQJ�ERWK�VWDWLQ�DQG�HVWURJHQ�WKHUDS\�VKRZHG�DQ�HYHQ�JUHDWHU�����

UHGXFWLRQ�LQ�SQHXPRQLD�ULVN��DGMXVWHG�25�����������&,�������������������

�����

�����



�����

7R�LQYHVWLJDWH�VWDWLQ�HIIHFWV�RQ�PDFURSKDJH�LQWHUDFWLRQ�ZLWK�EDFWHULD��ZH�ILUVW�IRXQG�WKDW�����

LQ�YLWUR�WUHDWPHQW�RI�PDFURSKDJHV�IRU�����KRXUV�ZLWK�PHYDVWDWLQ�OHG�WR�LQFUHDVHG�OHYHOV�RI�126������

DQG� LWV�SKRVSKRU\ODWHG� LVRIRUP��)LJ��$�� IROG�LQFUHDVH�����������������������S126���126����K�����

DIWHU�PHYDVWDWLQ��UHVSHFWLYHO\��Q� ������S���������7KLV�ZDV�DVVRFLDWHG�ZLWK�NLOOLQJ�RI�LQWHUQDOL]HG�����

EDFWHULD� �)LJ�� �%���:H� WKHQ�PHDVXUHG� LQ� YLYR� FOHDUDQFH� RI� SQHXPRFRFFL� LQ�PLFH� WUHDWHG�ZLWK�����

VWDWLQV��DQG�IRXQG�LPSURYHG�FOHDUDQFH�LQ�ERWK�JHQGHUV��EXW�WKLV�LPSURYHPHQW�ZDV�QRW�VHHQ�ZKHQ�����

PLFH�GHILFLHQW� LQ�126��ZHUH�XVHG��)LJ���&���0DOH�PLFH� WUHDWHG�ZLWK�VWDWLQV�VKRZHG� LPSURYHG�����

VXUYLYDO�ZLWK�SQHXPRFRFFDO�SQHXPRQLD��)LJ���'�������

� $9(�����LV�D�VPDOO�PROHFXOH�FRPSRXQG�WKDW�LQFUHDVHV�126��P51$�DQG�SURWHLQ�OHYHOV�����

E\�PHFKDQLVPV�GLVWLQFW�IURP�VWDWLQV��H�J���E\�HQKDQFLQJ�WUDQVFULSWLRQ���DQG�PD\�SURYLGH�D�PRUH�����

126��VSHFLILF� WKHUDSHXWLF� RSWLRQ� ������:H� IRXQG� WKDW�$9(����� WUHDWPHQW� LPSURYHG� EDFWHULDO�����

NLOOLQJ�E\�PDFURSKDJHV�LQ�YLWUR��)LJ���(��DQG�WKDW�PLFH�WUHDWHG�ZLWK�$9(�����HLWKHU�E\�RUDO�RU�����

VXEFXWDQHRXV�DGPLQLVWUDWLRQ�VKRZHG�VXEVWDQWLDOO\� LQFUHDVHG�FOHDUDQFH�RI�SQHXPRFRFFL� LQ�YLYR������

DQ�HIIHFW�QRW�REVHUYHG�LQ�Nos3�����PLFH��)LJ���)�������

 ����

Targeting NOS3 in secondary pneumococcal pneumonia ����

 6HFRQGDU\� SQHXPRFRFFDO� SQHXPRQLD� UHPDLQV� D�PDMRU� SUREOHP� DIWHU� SULPDU\� LQIOXHQ]D�����

����� DQG� FDQ� EH� PRGHOHG� E\� LQIHFWLQJ� PLFH� ZLWK� D� QRQ�OHWKDO� GRVH� RI� LQIOXHQ]D� DQG� WKHQ�����

FKDOOHQJLQJ� WKH� OXQJV� ZLWK� SQHXPRFRFFL� �� GD\V� ODWHU�� � 7KLV� LV� D� WLPH� SHULRG� RI� PD[LPDO�����

VXVFHSWLELOLW\� WR� VHFRQGDU\� LQIHFWLRQ� ����� ����� DV� LOOXVWUDWHG� E\� WKH� UHPDUNDEO\� ORZ� GRVH� RI�����

SQHXPRFRFFL�QHHGHG�WR�FDXVH�SQHXPRQLD������&)8��FRPSDUHG�WR�WKH���������&)8�XVHG�LQ�WKH�����

SULPDU\�SQHXPRQLD�PRGHO��:H�HYDOXDWHG�WKH�SKDUPDFRORJLF�DJHQWV�WKDW�SURYHG�HIIHFWLYH�LQ�RXU�����

SULPDU\�SQHXPRQLD�PRGHO�IRU�SRWHQWLDO�EHQHILW�WR�UHGXFH�VXVFHSWLELOLW\�RU�VHYHULW\�RI�VHFRQGDU\�����

SQHXPRQLD�DIWHU�LQIOXHQ]D��:H�IRXQG�WKDW�WUHDWPHQW�RI�PLFH�ZLWK�VWDWLQV�VXEVWDQWLDOO\�LPSURYHG�����

VXUYLYDO�LQ�D�GRVH�GHSHQGHQW�PDQQHU��)LJ���$���:H�REVHUYHG�VLPLODU�LPSURYHG�VXUYLYDO�LQ�PLFH�����

WUHDWHG� ZLWK� $9(����� �)LJ�� �%��� DQG� DOVR� IRXQG� WKLV� WUHDWPHQW� LPSURYHG� EDFWHULDO� FOHDUDQFH�����

PHDVXUHG�DW����KRXUV�DIWHU�FKDOOHQJH��)LJ���&�������

�����



�����

'LVFXVVLRQ������

�����

:H� VRXJKW� WR� LGHQWLI\� QHZ� DSSURDFKHV� WR� HQKDQFLQJ� LQQDWH� LPPXQLW\� WR� EDFWHULDO�����

SQHXPRQLD� E\� LQYHVWLJDWLQJ� WKH� EDVLV� IRU� JHQGHU� GLIIHUHQFHV� LQ� UHVLVWDQFH� WR� SQHXPRFRFFDO�����

SQHXPRQLD��:H�FRQFOXGH�WKDW�HVWURJHQ�PHGLDWHV�JUHDWHU�KRVW�UHVLVWDQFH�WR�SQHXPRQLD�LQ�IHPDOH�����

PLFH�YLD�HIIHFWV�RQ� WKH�FRQVWLWXWLYHO\�H[SUHVVHG�126��LQ� OXQJ�PDFURSKDJHV��7KH�EDVLV�IRU� WKLV�����

FRQFOXVLRQ� LQFOXGHV� GDWD� LQ�PRXVH� FHOOV� RU�PRGHOV� XVLQJ� SKDUPDFRORJLF� DJHQWV�� LQKLELWRUV� DQG�����

JHQHWLFDOO\� GHILFLHQW� DQLPDOV��$� VLPLODU� DGYDQWDJH� LV� VHHQ� LQ� IHPDOH� KXPDQ�SULPDU\�$0V� DQG�����

HVWURJHQ�WUHDWHG� KXPDQ� PDFURSKDJHV�� 7KHVH� REVHUYDWLRQV� LGHQWLI\� D� QRYHO� KRVW� GHIHQVH�����

PHFKDQLVP� DQG� D� IXQFWLRQ� IRU� WKH� PDLQ� 126� LVRIRUP� IRXQG� LQ� QRUPDO� KXPDQ� PDFURSKDJHV������

3KDUPDFRORJLF� WDUJHWLQJ� RI� 126�� ZLWK� RQH� W\SH� RI� GUXJ� DOUHDG\� LQ� FOLQLFDO� XVH� �VWDWLQV�� DQG�����

DQRWKHU� VPDOO�PROHFXOH� OHDG� FRPSRXQG� �$9(������ OHG� WR� LPSURYHG� EDFWHULDO� FOHDUDQFH� DQG�����

LPSURYHG�VXUYLYDO�IURP�VHFRQGDU\�SQHXPRFRFFDO�SQHXPRQLD������

7KH� PHFKDQLVP�V�� E\� ZKLFK� PDFURSKDJH� 126�� FRQWULEXWHV� WR� LPSURYHG� NLOOLQJ� RI�����

LQJHVWHG� EDFWHULD� LQFOXGH� GLUHFW� EDFWHULFLGDO� PHFKDQLVPV�� HLWKHU� DORQH� RU� LQ� FRPELQDWLRQ� ZLWK�����

VXSHUR[LGH�������EXW�126��PLJKW�DOVR�DFW�WR�PHGLDWH�VDOXWDU\�LQWUDFHOOXODU�VLJQDOLQJ�HYHQWV�����������

7KH� YHU\� ORZ� DPRXQWV� RI� 12� JHQHUDWHG� E\� PDFURSKDJH� 126�� SURPSW� WKH� VSHFXODWLRQ� WKDW�����

DGGLWLRQDO� PHFKDQLVPV� DFW� WR� DPSOLI\� LWV� FRQWULEXWLRQ� WR� EDFWHULDO� NLOOLQJ�� 7KHVH�PD\� LQFOXGH�����

LQFUHDVHG�WUDIILFNLQJ�RI�126��DIWHU�HVWURJHQ�PHGLDWHG�SKRVSKRU\ODWLRQ�WR�SKDJRVRPHV��VHOHFWLYH�����

WULJJHULQJ� RI� FDOFLXP�GHSHQGHQW� 126�� SURGXFWLRQ� RI� 12� DURXQG� EDFWHULD� E\� SKDJRF\WRVLV�����

DVVRFLDWHG�FDOFLXP�IOX[HV��DQG�FRPELQDWLRQ�RI�12�ZLWK�VXSHUR[LGH� WR�JHQHUDWH�SHUR[\QLWULWH��D�����

SRWHQW� PLFURELFLGDO� DJHQW� ������ 7KHVH� SRVVLELOLWLHV� DUH� QRW� PXWXDOO\� H[FOXVLYH�� 7KH� GDWD� DOVR�����

VKRZ�DQ� LQWHUHVWLQJ�EXW�XQUHVROYHG�ILQGLQJ�RI� LQFRPSOHWH�FRQFRUGDQFH�EHWZHHQ� LQ�YLWUR�DQG� LQ�����

YLYR� UHVXOWV� XVLQJ�126��GHILFLHQW�PLFH�� 6SHFLILFDOO\�� 126�� GHILFLHQF\� HOLPLQDWHG� WKH� IHPDOH�����

DGYDQWDJH� HQWLUHO\� LQ� VWXGLHV� RI� EDFWHULDO� NLOOLQJ� E\� $0V� LQ� YLWUR�� ,Q� FRQWUDVW�� WKH� IHPDOH�����

DGYDQWDJH� LQ� YLYR� ZDV� GLPLQLVKHG� E\� DSSUR[LPDWHO\� KDOI� LQ� 126��GHILFLHQW� PLFH�� 7KH�����

PHFKDQLVP�V�� DQG� VLJQLILFDQFH� RI� WKLV� SHUVLVWHQW� FRPSRQHQW� RI� JHQGHU� GLIIHUHQFH� LQ� PLFH� DUH�����

XQNQRZQ�DQG�QHHG�IXUWKHU�VWXG\������

$QRWKHU�DVSHFW�RI�RXU�VWXG\�WKDW�PHULWV�GLVFXVVLRQ�LV�RXU�XVH�RI�D�ORZ�GRVH�LQRFXOXP�IRU�����

WKH� SULPDU\� SQHXPRQLD�PRGHO�� 7KLV� LV� LQWHQGHG� WR�PRGHO� WKH� LQLWLDO� SKDVH� RI� SQHXPRQLD� WKDW�����



IROORZV� WKH� PRVW� OLNHO\� URXWH�� DVSLUDWLRQ� RI� QDVRSKDU\QJHDO� SQHXPRFRFFL� RU� RWKHU� EDFWHULD������

+RZHYHU�� WKH� TXDQWLW\� DQG� FRPSRVLWLRQ� RI� EDFWHULD� WKDW� HQWHU� WKH� OXQJV� GXULQJ� QRFWXUQDO�����

DVSLUDWLRQ�LV�XQNQRZQ��0RUHRYHU��ZKLOH�WKH�SUHPLVH�WKDW�WKLV�LV�KRZ�SQHXPRQLD�VWDUWV�LQ�KXPDQV�����

LV�ORJLFDO��WKHUH�H[LVWV�QR�IRUPDO�SURRI��8OWLPDWHO\��ZKHWKHU�WKLV�DWWHPSW�DW�D�SUH�FOLQLFDO�PRGHO�����

SURYHV�UHOHYDQW�ZLOO�GHSHQG�RQ�KRZ�WKH�UHVXOWV�WUDQVODWH�WR�WKH�FOLQLFDO�VHWWLQJ�������

7KH�SRWHQWLDO� UHOHYDQFH�RI� WKHVH� ILQGLQJV� WR� KXPDQ�ELRORJ\� LV� LQGHHG� VXSSRUWHG�E\� WKH�����

HSLGHPLRORJLF�ILQGLQJV�WKDW�ERWK�VWDWLQV�DQG�HVWURJHQ�UHSODFHPHQW�WKHUDS\��UHGXFHG�ULVN�RI�OXQJ�����

LQIHFWLRQ�LQ�D�ODUJH�FRKRUW�RI�ZRPHQ��7KHUH�DUH�DOVR�LQWHUHVWLQJ�UHSRUWV�RI�DVVRFLDWLRQ�RI�126������

SRO\PRUSKLVPV�ZLWK�ULVN�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�������+RZHYHU��ZH�FRQVLGHU�WKDW�WKH�����

WUDQVODWLRQDO� SRWHQWLDO� RI� WKHVH� ILQGLQJV� PD\� EH� PRVW� UHOHYDQW� IRU� WKH� SUREOHP� RI� VHFRQGDU\�����

SQHXPRQLD�� VSHFLILFDOO\� WKH� LQFUHDVHG� VXVFHSWLELOLW\� WR� EDFWHULDO� OXQJ� LQIHFWLRQV� WKDW� IROORZV�����

LQIOXHQ]D�� 8VLQJ� SUH�WUHDWPHQW� EHIRUH� WKH� EDFWHULDO� FKDOOHQJH� LV� DUJXDEO\� D� OLPLWDWLRQ� RI� RXU�����

VWXGLHV�LQ�WKH�SULPDU\�SQHXPRQLD�PRGHO��WKLV�DSSURDFK�LV�XVHIXO�IRU�SURRI�RI�SULQFLSOH�EXW�GRHV�����

QRW�PLUURU� OLNHO\� FOLQLFDO� XVDJH�� ,Q� FRQWUDVW�� SUH�WUHDWPHQW� LQ� WKH� VHFRQGDU\� SQHXPRQLD�PRGHO�����

GRHV�UHSUHVHQW�D�UHDOLVWLF�VFHQDULR�IRU�VKRUW�WHUP��SURSK\ODFWLF�LPPXQRPRGXODWRU\�WKHUDS\��7KLV�����

DSSURDFK� FRXOG� ERRVW� UHVLVWDQFH� WR� SUHYHQW� EDFWHULDO� SQHXPRQLDV� GXULQJ� LQWHUYDOV� RI� LQFUHDVHG�����

VXVFHSWLELOLW\��7KLV�FRXOG�ZHOO��EHQHILW�SDWLHQWV�ZKR�DUH�LGHQWLILHG�WR�EH�DW�KLJK�ULVN�RI�VHFRQGDU\�����

SQHXPRQLD��H�J��KRVSLWDOL]HG�LQGLYLGXDOV�ZLWK�VHYHUH�VHDVRQDO�RU�SDQGHPLF�LQIOXHQ]D������

�����

0DWHULDOV�DQG�0HWKRGV�����

�����

6WXG\�GHVLJQ�����

7KLV�VWXG\�EHJDQ�E\�VHHNLQJ�WR�FKDUDFWHUL]H�WKH�EDVLV�IRU�JUHDWHU�IHPDOH�UHVLVWDQFH�WR�����

SQHXPRFRFFDO�SQHXPRQLD��$�PXULQH�PRGHO�RI�SQHXPRFRFFDO�SQHXPRQLD�ZDV�XVHG�WR�FRPSDUH�����

PDOH�DQG�IHPDOH�EDFWHULDO�FOHDUDQFH��OXQJ�LQIODPPDWLRQ�DQG�VXUYLYDO�LQ�YLYR��,Q�YLWUR�DVVD\V�RI�����

PDFURSKDJH�DQWL�EDFWHULDO�IXQFWLRQ�ZHUH�XVHG�WR�LGHQWLI\�NLOOLQJ�RI�LQWHUQDOL]HG�EDFWHULD�DV�D�����

FULWLFDO�GLIIHUHQFH��3KDUPDFRORJLF�LQKLELWRUV��JHQHWLF�PRXVH�PRGHOV��DQG�LQ�YLWUR�PDFURSKDJH�����

VWXGLHV�ZHUH�XVHG�WR�LQYHVWLJDWH�WKH�UROH�RI�R[LGDQW�JHQHUDWLQJ�HQ]\PH�V\VWHPV�DQG�HVWURJHQ������

$IWHU�LGHQWLILFDWLRQ�RI�126��DV�DQ�LPSRUWDQW�PHGLDWRU��ZH�WHVWHG�SKDUPDFRORJLF�DJHQWV�ZLWK�����

WUDQVODWLRQDO�SRWHQWLDO�IRU�DELOLW\�WR�LPSURYH�RXWFRPHV�LQ�SULPDU\�DQG�SRVW�LQIOXHQ]D�VHFRQGDU\�����

SQHXPRFRFFDO�SQHXPRQLD���)RU�LQ�YLYR�VWXGLHV��ZH�XVHG�PDOH�DQG�IHPDOH�PLFH�RI�WKH�VDPH�DJH������



DQG�WKH�VWXGLHV�ZHUH�QRW�EOLQGHG��6DPSOH�VL]HV�IRU�DOO�RI�WKH�H[SHULPHQWV�ZHUH�VXIILFLHQW�WR�GHWHFW�����

VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WUHDWPHQW�JURXSV��ZLWK�DOO�PHDVXUHPHQWV�LQFOXGHG�LQ�����

DQDO\VHV��7R�H[SORUH�ZKHWKHU�WKH�HIIHFWV�RI�HVWURJHQ�DQG�VWDWLQV�WKDW�ZHUH�REVHUYHG�LQ�WKH�PXULQH�����

PRGHOV�DOVR�RFFXU�LQ�SHRSOH��ZH�VWXGLHG�LQFLGHQFH�RI�KRVSLWDOL]HG�SQHXPRQLD�DVVRFLDWHG�ZLWK�XVH�����

RI�HVWURJHQ�DQG�VWDWLQV�LQ�D�SRSXODWLRQ�EDVHG�FDVH�FRQWURO�VWXG\�EDVHG�RQ�PHGLFDO�GDWDEDVHV�LQ�����

'HQPDUN��&DVHV�RI�SQHXPRQLD�ZHUH�LGHQWLILHG�DV�DOO�ZRPHQ�ZKR�UHFHLYHG�D�ILUVW�WLPH�SULQFLSDO�����

KRVSLWDO�GLDJQRVLV�RI�SQHXPRQLD�LQ�WKH�IRUPHU�1RUWK�-XWODQG�DQG�$DUKXV�&RXQWLHV��1RUWKHUQ�����

'HQPDUN������PLOOLRQ�LQKDELWDQWV��EHWZHHQ������DQG�������8VLQJ�WKH�'DQLVK�&LYLO�5HJLVWUDWLRQ�����

6\VWHP��HDFK�FDVH�VXEMHFW�ZDV�PDWFKHG�ZLWK�ILYH�SRSXODWLRQ�FRQWURO�VXEMHFWV�ZLWK�VDPH�DJH������

IHPDOH�JHQGHU��DQG�UHVLGHQFH�LQ�1RUWKHUQ�'HQPDUN�RQ�WKH�SQHXPRQLD�LQGH[�GDWH��:H�DVFHUWDLQHG�����

XVH�RI�HVWURJHQ�DQG�VWDWLQV�LQ�DOO�LQGLYLGXDOV�IURP�SRSXODWLRQ�EDVHG�SUHVFULSWLRQ�GDWDEDVHV��7R�����

FRQWURO�IRU�FRQIRXQGLQJ�E\�RWKHU�FRQGLWLRQV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�ERWK�HVWURJHQ�DQG�VWDWLQ�����

XVH�DQG�SQHXPRQLD�ULVN��ZH�UHWULHYHG�LQGLYLGXDO�OHYHO�GDWD�RQ����PDMRU�FRPRUELG�GLVHDVH�����

FDWHJRULHV�DV�HYLGHQFHG�LQ�WKH�&KDUOVRQ�FRPRUELGLW\�LQGH[��DV�ZHOO�DV�RQ�DOFRKROLVP�UHODWHG�����

FRQGLWLRQV��UHFHQW�DQWLELRWLF�XVH��DQG�PDULWDO�VWDWXV�DV�D�PDUNHU�RI�VRFLRHFRQRPLF�VWDWXV��:H�WKHQ�����

FRPSXWHG�RGGV�UDWLRV��25V��IRU�D�ILUVW�WLPH�SQHXPRQLD�DGPLVVLRQ�DPRQJ�ZRPHQ�ZLWK�DQG�����

ZLWKRXW�HVWURJHQ�DQG�VWDWLQ�XVH��XVLQJ�FRQGLWLRQDO�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�WR�FRQWURO�IRU�����

FRQIRXQGHUV������

�����

�����

0RXVH�PRGHOV�RI�SQHXPRFRFFDO�SQHXPRQLD�����

� 1RUPDO� HLJKW�� WR� ���ZHHN�ROG�PDOH� DQG� IHPDOH�PLFH�&��%/���PLFH� IURP�&KDUOHV�5LYHU�����

/DERUDWRULHV��:LOPLQJWRQ��0$��RU�-DFNVRQ�/DERUDWRULHV��%DU�+DUERU��0(��ZHUH�XVHG��&��%/�������

PLFH� JHQHWLFDOO\� GHILFLHQW� LQ� QLWULF� R[LGH� V\QWKDVH� �� ������ QLWULF� R[LGH� V\QWKDVH� �� ����� DQG�����

1$'3+� R[LGDVH� ����� ZHUH� REWDLQHG� IURP� -DFNVRQ� /DERUDWRULHV� �%DU� +DUERU�� 0(��� � 0LFH�����

WUDQVJHQLF� IRU� KXPDQ�126��ZHUH� SUHYLRXVO\� FKDUDFWHUL]HG� ������ �$OO� DQLPDOV�ZHUH� KRXVHG� LQ�����

VWHULOH�PLFURLVRODWRU� FDJHV� LQ� D� EDUULHU� IDFLOLW\� DQG� KDG� QR� HYLGHQFH� RI� VSRQWDQHRXV� LQIHFWLRQ������

3ULRU� DSSURYDO� IRU� DOO� H[SHULPHQWDWLRQ� ZDV� REWDLQHG� IURP� WKH� LQVWLWXWLRQDO� DQLPDO� XVH� UHYLHZ�����

FRPPLWWHH�����

� 3ULPDU\�SQHXPRFRFFDO�SQHXPRQLD�ZDV�PRGHOHG�DV�SUHYLRXVO\�UHSRUWHG�������3QHXPRQLD�����

ZDV� LQGXFHG� E\� LQWUDQDVDO� LQVWLOODWLRQ� �L�Q��� RI� ��� �O� RI� D� EDFWHULDO� VXVSHQVLRQ� FRQWDLQLQJ�����



DSSUR[LPDWHO\� ��
�
� FRORQ\�IRUPLQJ� XQLWV� �&)8�� RI�S. pneumoniae� W\SH� �� RI�PLFH� XQGHU� VKRUW�����

WHUP� DQHVWKHVLD�ZLWK� LQKDOHG� LVRIOXUDQH��7KH� EDFWHULDO� VXVSHQVLRQ�ZDV� SUHSDUHG� WR� FRQWDLQ� ��
�
�����

&)8�EDVHG�RQ�RSWLFDO�GHQVLW\�FDOFXODWLRQV���+RZHYHU��UHVXOWV�RI�GLUHFW�YDOLGDWLRQ�RI�DFWXDO�&)8�����

LQ�WKHVH�VDPSOHV�ZDV�DOZD\V�SHUIRUPHG�DQG�VKRZHG�DFWXDO�&)8�YDOXHV�WKDW�UDQJHG�IURP�������������

��RI�WKH�FDOFXODWHG���
�
�&)8�YDOXH��+HQFH��WKH�GRVH�GHOLYHUHG�LV�VWDWHG�DV�a��

�
�&)8��)RU�DQDO\VLV�����

DW� �� RU� ��� K� SRVW�LQIHFWLRQ�� PLFH� ZHUH� VDFULILFHG� ZLWK� E\� OHWKDO� RYHUGRVH� RI� LQWUDSHULWRQHDO�����

VRGLXP�SHQWREDUELWDO� �)DWDO3OXV��9RUWHFK�3KDUPDFHXWLFDOV��'HDUERUQ��0,��RU�E\�H[FHVV� LQKDOHG�����

LVRIOXUDQH�� 7R� PHDVXUH� WRWDO� OXQJ� EDFWHULD� FRXQWV� �&)8��� ZKROH� OXQJV� ZHUH� KDUYHVWHG� DQG�����

KRPRJHQL]HG� LQ���PO� VWHULOH�ZDWHU�ZLWK�D� WLVVXH�KRPRJHQL]HU� �2PQL� ,QWHUQDWLRQDO��:DUUHQWRQ������

9$��� 6HULDO� ���IROG� GLOXWLRQV� LQ� VWHULOH�ZDWHU�ZHUH�PDGH� IURP� WKHVH� KRPRJHQDWHV�� DQG� �����O�����

YROXPHV�ZHUH�SODWHG�RQWR� VKHHS�EORRG�DJDU�SODWHV�DQG� LQFXEDWHG�DW����&��&)8V�ZHUH�FRXQWHG�����

DIWHU�������KRXUV��,Q�H[SHULPHQWV� WR�DVVHVV�VXUYLYDO��PLFH�ZHUH�LQVWLOOHG�L�Q��ZLWK�D�VLQJOH����O�����

VXVSHQVLRQ�FRQWDLQLQJ�D�KLJKHU�GRVH�RI�S. pneumoniae��a��[��
��
&)8��DQG�VXUYLYDO�IROORZHG�DV�����

UHSRUWHG�LQ�5HVXOWV��)RU�DQDO\VLV�RI�OXQJ�LQIODPPDWLRQ��EURQFKRDOYHRODU�ODYDJH�ZDV�SHUIRUPHG�in ����

situ�ZLWK�D����JDXJH�FDWKHWHU�LQVHUWHG�LQWR�WKH�SUR[LPDO�WUDFKHD��IOXVKLQJ�WKH�ORZHU�DLUZD\V�VL[�����

WLPHV�ZLWK�����PO�RI�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6���7KH�IOXLG�UHWULHYHG�IURP�WKH�ILUVW� ODYDJH�����

ZDV�NHSW�IRU�(/,6$�DVVD\V��7KH�%$/�FHOOV�ZHUH�VHSDUDWHG�IURP�WKH�%$/�IOXLG�E\�FHQWULIXJDWLRQ������

UHVXVSHQGHG� LQ� 3%6� DQG� FRXQWHG��$� IUDFWLRQ�ZDV� F\WRVSXQ� RQ�PLFURVFRSLF� VOLGHV� IRU� VWDLQLQJ�����

ZLWK� 'LII�4XLFN� �%D[WHU� 6FLHQWLILF� 3URGXFWV�� 0F*DZ� 3DUN�� ,/�� IRU� VXEVHTXHQW� GLIIHUHQWLDO�����

FRXQWV��,Q�LQLWLDO�H[SHULPHQWV��PDOH�PLFH�ZHUH�DQDO\]HG����GD\V�DIWHU�VXEFXWDQHRXV�LPSODQWDWLRQ�����

DFFRUGLQJ� WR�PDQXIDFWXUHU¶V� LQVWUXFWLRQV� RI� VORZ�UHOHDVH� ���EHWD�HVWUDGLRO� SHOOHWV� �a��� XJ�GD\������

,QQRYDWLYH�5HVHDUFK��6DUDVRWD��)/���,Q�ODWHU�H[SHULPHQWV��PLFH�UHFHLYHG�D�VLQJOH�GRVH�RI�HVWUDGLRO�����

E\�LQKDODWLRQ�H[SRVXUH�IRU���KRXU�WR�DQ�DHURVRO�JHQHUDWHG�IURP�D�VROXWLRQ�RI�(��%6$�ȕ�(VWUDGLRO�����

���2�FDUER[\PHWK\O�R[LPH�� %6$� ���� QJ�PO� DHURVRO� VROXWLRQ�� a���PRO� VWHURLG� SHU� PRO� %6$������

6LJPD��XVLQJ�WKH�PRXVH�H[SRVXUH�V\VWHP�GHVFULEHG�LQ�������'UXJ�WUHDWPHQWV�WR�DVVHVV�HIIHFWV�RQ�����

��� KRXU� EDFWHULDO� FOHDUDQFH� ZHUH� DGPLQLVWHUHG� �K� EHIRUH�� DQG� �� DQG� ��� KRXUV� DIWHU� EDFWHULDO�����

FKDOOHQJH� LQFOXGHG� L�S��SUDYDVWDWLQ��������PJ�NJ�� � DQG�����:����PJ�NJ��7KH�126��DFWLYDWRU�����

$9(����� �����GLIOXRUR�EHQ]R>���@GLR[ROH���� FDUER[\OLF� DFLG� LQGDQ���\ODPLGH�� &$6� QR������

������������� HPSLULFDO� IRUPXOD� &��+��)�12��� ������ ZDV� DGPLQLVWHUHG� E\� JDYDJH� DW� ��������

PJ�NJ�GD\�IRU���GD\V�SULRU�WR�FKDOOHQJH�RU�E\�VXEFXWDQHRXV�LQMHFWLRQ�RI������PJ����DQG���KRXUV�����



EHIRUH�FKDOOHQJH�������

� 7R�PRGHO� SRVW�LQIOXHQ]D� VHFRQGDU\� SQHXPRQLD��PLFH�ZHUH� LQVWLOOHG� L�Q�� RQ� GD\� ��ZLWK� D�����

VLQJOH� ���O� RU� ��XO� VXVSHQVLRQ� FRQWDLQLQJ� LQIOXHQ]D� YLUXV� �$�35� ������ +�1���� XQGHU� JHQHUDO�����

DQHVWKHVLD� E\� L�S�� NHWDPLQH� ����� PJ�NJ�� SOXV� [\OD]LQH� ���� PJ�NJ��� ,QIOXHQ]D�WUHDWHG� DQLPDOV�����

URXWLQHO\� ORVW� ZHLJKW� DQG� WKHQ� UHFRYHUHG� E\� GD\� ��� ZKHQ� WKH� VHFRQGDU\� LQIHFWLRQ� ZDV�����

DGPLQLVWHUHG�� 2Q� GD\� �� DIWHU� LQLWLDO� LQIOXHQ]D� LQIHFWLRQ�� PLFH� ZHUH� VXEMHFWHG� WR� WKH� VDPH�����

DQHVWKHVLD�� DQG� WKHQ� LQVWLOOHG� L�Q�� ZLWK� D� VLQJOH� ���O� RI� EDFWHULDO� VXVSHQVLRQ� FRQWDLQLQJ�����

DSSUR[LPDWHO\�����&)8�RI�S. pneumoniae�W\SH����3UDYDVWDWLQ���������PJ�NJ�L�S���RU�$9(���������

������ PJ� V�F��� ZDV� DGPLQLVWHUHG� GDLO\� VWDUWLQJ� RQH� GD\� EHIRUH� SQHXPRFRFFDO� FKDOOHQJH������

6XEVHTXHQW�DQDO\VHV�ZHUH�SHUIRUPHG�DV�IRU�WKH�SULPDU\�SQHXPRQLD�PRGHO�GHVFULEHG�DERYH������

�����

&HOO�LVRODWLRQ�DQG�FXOWXUH�����

$IWHU� HXWKDQDVLD�� PRXVH� $0V� REWDLQHG� E\� UHSHDWHG� OXQJ� ODYDJH� ZLWK� VWHULOH� 3%6� ZHUH�����

FHQWULIXJHG�DW�����[�J�DQG�UHVXVSHQGHG�LQ�+%66���+DQNV¶�%XIIHUHG�6DOW�6ROXWLRQ�ZLWK�FDOFLXP������

����P0��DQG�PDJQHVLXP����P0���3ULPDU\�PRXVH�$0V�ZHUH�XVHG�LPPHGLDWHO\�ZLWKRXW�H[SRVXUH�����

WR� FXOWXUH�PHGLD� FRPSRQHQWV� WKDW� FRQWDLQ� HVWURJHQ� �H�J�� VHUXP��RU� �ZHDNO\�� HVWURJHQLF� SKHQRO�����

UHG��7KH�PRXVH�DQG�KXPDQ�PDFURSKDJH�FHOO�OLQHV�-���$���DQG�8����ZHUH�REWDLQHG�IURP�$7&&�����

DQG�PDLQWDLQHG�LQ�SKHQRO�IUHH�530,�ZLWK�����)%6��,Q�H[SHULPHQWV�WHVWLQJ�HIIHFWV�RI�HVWURJHQ�����

DGGLWLRQ� LQ� YLWUR�� D� FKDUFRDO�VWULSSHG� )%6� �+\FORQH�� /RJDQ�� 87�� ZDV� XVHG� IRU� PDFURSKDJH�����

FXOWXUH� WR�HOLPLQDWH�H[SRVXUH� WR�VHUXP�KRUPRQHV��+XPDQ�DOYHRODU�PDFURSKDJHV�ZHUH�REWDLQHG�����

IURP�QRQ�VPRNLQJ�YROXQWHHUV�E\�EURQFKRDOYHRODU�ODYDJH�DQG�UHVXVSHQGHG�LQ�+%66��ZKHQ�WHVWHG�����

LPPHGLDWHO\�RU�FXOWXUHG�LQ�SKHQRO�IUHH�530,�ZLWK�����IHWDO�ERYLQH�VHUXP��)%6��RYHUQLJKW��7KH�����

SRWHQWLDO� FRQIRXQGLQJ� HIIHFWV� RI� HVWURJHQ� LQ� )%6� ZHUH� QRW� REVHUYHG� LQ� KXPDQ� $0� VDPSOHV�����

FXOWXUHG� RYHUQLJKW�� L�H�� JHQGHU� GLIIHUHQFHV� REVHUYHG� LQ� FHOOV� XVHG� LPPHGLDWHO\� DIWHU� LVRODWLRQ�����

ZHUH� SUHVHUYHG�� $OO� KXPDQ� VXEMHFW� H[SHULPHQWDWLRQ� ZDV� FRQGXFWHG� XQGHU� DSSURYHG� SURWRFROV�����

UHYLHZHG�E\� WKH� LQVWLWXWLRQDO� UHYLHZ�ERDUGV��(VWURJHQ�ZDV�DGGHG� WR�PDFURSKDJH�FXOWXUHV�DV�ȕ�����

(VWUDGLRO�:DWHU� 6ROXEOH� �6LJPD�� DW� ��������� QJ�PO��$OO� RWKHU� UHDJHQWV� QRW� RWKHUZLVH� VSHFLILHG�����

ZHUH�REWDLQHG�IURP�6LJPD�&KHPLFDO��6W��/RXLV��02�������

�����

%DFWHULD�����

Strep. pneumoniae� VHURW\SH� ��� E. Coli�� Staph. aureus�� � �������� ������� ������� UHVSHFWLYHO\������



$7&&��5RFNYLOOH��0'��ZHUH� � FXOWXUHG� RYHUQLJKW� RQ� ��� VKHHS� EORRG�VXSSOHPHQWHG� DJDU�3HWUL�����

GLVKHV��9:5��������������:HVW�&KHVWHU��3$���$�VWRFN�VXVSHQVLRQ�ZDV�SUHSDUHG��DQG�DOLTXRWV�����

NHSW�DW�����&��)RU�HDFK�H[SHULPHQW��DQ�DOLTXRW�ZDV�JURZQ�RYHUQLJKW�RQ�D�EORRG�DJDU�SODWH�DQG�UH�����

VXVSHQGHG� LQ�VWHULOH�3%6��%DFWHULDO�FRQFHQWUDWLRQ�RI� WKH�REWDLQHG�VXVSHQVLRQ�ZDV�HVWLPDWHG�E\�����

2'����PHDVXUHPHQWV�� FRPSDULQJ� WR� D�SULRU� VWDQGDUG� FXUYH�RI�2'����YV��&)8��7KH� DSSURSULDWH�����

GLOXWLRQ�ZDV�SUHSDUHG�LQ�VWHULOH�3%6�WR�EH�DGPLQLVWHUHG�WR�PLFH��DQG�WKLV�HVWLPDWH�ZDV�FKHFNHG�LQ�����

SDUDOOHO�E\�&)8�DVVD\�WR�GHWHUPLQH�WKH�SUHFLVH�FRQFHQWUDWLRQ��������

�����

3KDJRF\WRVLV�DQG�EDFWHULDO�NLOOLQJ�DVVD\�����

0DFURSKDJH� ELQGLQJ�� LQWHUQDOL]DWLRQ� DQG� NLOOLQJ� RI� LQWHUQDOL]HG� EDFWHULD� ZHUH� PHDVXUHG� XVLQJ�����

&)8�DVVD\V�RI�FHOO�VDPSOHV�O\VHG�E\����IROG�H[FHVV�+�2��S+�������PLQXWHV���0DFURSKDJHV����������

;� ���� FHOOV�� ���� PO� +%66��� ZHUH� PL[HG� ZLWK� EDFWHULD� ���� ;� ���� &)8��� ��� EDFWHULD� SHU� ������

PDFURSKDJH�� IRU���KRXU�DW���R�&��$IWHU� FHQWULIXJDWLRQ� WKH�FHOO�SHOOHW�ZDV� UH�VXVSHQGHG�DQG�DQ�����

DOLTXRW� WDNHQ� WR� PHDVXUH� WKH� WRWDO� FHOO�DVVRFLDWHG� &)8� �ERXQG� DQG� LQWHUQDOL]HG��� $IWHU� EULHI�����

LQFXEDWLRQ� RI� WKH� FHOO� VXVSHQVLRQ� ZLWK� JHQWDPLFLQ� ����� XJ�PO�� ��� PLQXWHV� DW� ��R� &�� WR� NLOO�����

H[WHUQDO��ERXQG�EDFWHULD��WKH�PDFURSKDJHV�ZHUH�ZDVKHG�DQG�DQ�DOLTXRW�WDNHQ�IRU�O\VLV�DQG�&)8�����

DVVD\� WR� TXDQWLWDWH� WKH� QXPEHU� RI� LQWHUQDOL]HG�� OLYH� EDFWHULD�� 7KH� PDFURSKDJHV� ZHUH� WKHQ�����

LQFXEDWHG�DQ�DGGLWLRQDO�KRXU�WR�DOORZ�NLOOLQJ�RI�LQWHUQDOL]HG�EDFWHULD��DQG�DOLTXRWV�WDNHQ�DJDLQ�IRU�����

&)8� TXDQWLWDWLRQ�� 7KH� &)8� GDWD� REWDLQHG� DW� YDULRXV� WLPH� SRLQWV� DOORZV� FDOFXODWLRQ� RI� WKH�����

QXPEHU� RI� EDFWHULD� ERXQG�� LQWHUQDOL]HG� DQG� NLOOHG�� (IIHFWV� RI� SKDUPDFRORJLF� LQKLELWRUV� RU�����

KRUPRQHV�ZHUH�WHVWHG�E\�LQFOXGLQJ�DJHQWV�RU�WKHLU�YHKLFOHV�LQ�WKH�DVVD\�EXIIHUV��5HVSLUDWRU\�EXUVW�����

IXQFWLRQ�LQ�QRUPDO�PRXVH�$0V�ZDV�PHDVXUHG�E\�TXDQWLWDWLRQ�RI�WKH�+�2��FDWDO\]HG�R[LGDWLRQ�����

RI�$PSOH[�5HG��0ROHFXODU�3UREHV��(XJHQH��25��WR�D�IOXRUHVFHQW�SURGXFW�DIWHU�VWLPXODWLRQ�ZLWK�����

DGVRUEHG�DQWLERGLHV��DQWL�)F5��&'����RU�30$������Q0��DV�SUHYLRXVO\�GHVFULEHG�����������

�����

�����

:HVWHUQ�EORW�DQG�(/,6$�DQDO\VLV�����

:HVWHUQ� EORW� DQDO\VLV� ZDV� SHUIRUPHG� RQ� PDFURSKDJH� O\VDWHV� O\VLV� EXIIHU� ��� 13���� ZLWK�����

SURWHDVH� DQG�SKRVSKDWDVH� LQKLELWRUV�XVLQJ� WKH�SURWRFROV�GHVFULEHG� LQ� ������7KH� HQGRWKHOLDO� FHOO�����

OLQH� E(QG��� �$7&&� &5/������� ZDV� XVHG� DV� D� SRVLWLYH� FRQWURO� IRU� �µHQGRWKHOLDO¶�� 126�������

$QWLERGLHV� IRU� 126��� $NW� DQG� SKRVSKRU\ODWLRQ�VWDWH� VSHFLILF� LVRIRUPV� XVHG� LQFOXGH�� 126������



UDEELW�S$E��&�����6DQWD�&UX]�%LRWHFKQRORJ\��DQG�SKRVSKR�H126��6HU�����&�&���UDEELW�P$E������

SKRVSKR�$NW��6HU�����'�(��UDEELW�P$E��$NW��UDEELW�S$E�DQG�%HWD�$FWLQ����(���UDEELW�P$E��DOO�����

IURP�&HOO�6LJQDOLQJ�7HFKQRORJLHV��$IWHU�LQFXEDWLRQ�ZLWK�SHUR[LGDVH�FRQMXJDWHG�JRDW�DQWL�UDEELW�����

,J*� RU� JRDW� DQWL�PRXVH� ,J*� �3LHUFH��� ODEHOLQJ� ZDV� GHWHFWHG� XVLQJ� FKHPLOXPLQHVFHQFH������

4XDQWLWDWLRQ� RI� GLJLWL]HG� VLJQDO� LQWHQVLW\� GDWD� ZDV� SHUIRUPHG� XVLQJ� ,PDJH-� VRIWZDUH�����

�KWWS���LPDJHM�QLK�JRY���&\WRNLQHV�ZHUH�TXDQWLWDWHG� LQ�%$/� IOXLG�XVLQJ� FRPPHUFLDOO\�DYDLODEOH�����

(/,6$�NLWV��5	'�6\VWHPV�,QF���0LQQHDSROLV��01��IROORZLQJ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�������

�����

6WDWLVWLFDO� DQDO\VLV�� 'DWD� ZHUH� DQDO\]HG� XVLQJ� WKH� 3ULVP� VRIWZDUH� SDFNDJH� �*UDSK3DG�����

6RIWZDUH���'LIIHUHQFHV�LQ�.DSODQ�0HLHU�VXUYLYDO�FXUYHV�ZHUH�DQDO\]HG�XVLQJ�D�ORJ�UDQN�WHVW��)RU�����

PRVW�RWKHU�PHDVXUHPHQWV��GLIIHUHQFHV�EHWZHHQ�JURXSV�ZHUH�H[DPLQHG�E\�$129$�ZLWK�7XNH\¶V�����
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