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1RQ-V\QGURPLF� FRQJHQLWDO� PLUURU� PRYHPHQWV� �&00�� LV� D� UDUH� QHXURORJLFDO� FRQGLWLRQ�� HLWKHU�
LQKHULWHG�RU�VSRUDGLF��LQ�ZKLFK�DIIHFWHG�LQGLYLGXDOV�ODFN�LQGHSHQGHQW�GH[WHULW\�RI�KDQG�DQG�ILQJHU�
PRYHPHQWV�� :LWK� DOO� YROLWLRQDO� PRYHPHQWV� RI� WKH� KDQGV� DQG� ILQJHUV�� XQLQWHQWLRQDO� PLUURULQJ�
RFFXUV� LQ� WKH� RSSRVLWH-VLGH� KRPRORJRXV� HIIHFWRUV�� $� KDOOPDUN� QHXUDO� PHFKDQLVP� RI� &00� LV�
DEQRUPDO�� DFWLYH�� H[WUD� LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV��0XWDWLRQV� LQ� IRXU� GLIIHUHQW� FDXVDO� JHQHV�
KDYH� EHHQ� LGHQWLILHG� VR� IDU�� 7KH� SUHVHQW� UHYLHZ� FRQVLGHUV� WKH� SK\VLRORJ\� XQGHUO\LQJ� &00��
LQFOXGLQJ�LWV�LPSOLFDWHG�QHXUDO�PHFKDQLVPV�DQG�FOLQLFDO�UHOHYDQFH��7KH�KHWHURJHQHRXV�QDWXUH�RI�
WKH�FRQGLWLRQ�LV�KLJKOLJKWHG��SDUWLFXODUO\�LQ�WHUPV�RI�WKH�FOLQLFDO�LPSRUWDQFH�RI�IDFWRUV�DVVRFLDWHG�
ZLWK�WKH�PLUURULQJ�SKHQRW\SH�RU�SKHQRW\SHV��6SHFXODWLRQ�DERXW�WKH�SRVVLEOH�HIIHFWV�RI�&00�RQ�
WKH� VRPDWRVHQVRU\� V\VWHP� LV�DOVR� LQFOXGHG�DV�D�SURVSHFWLYH�GLUHFWLRQ� IRU� IXUWKHU� VWXG\��'HVSLWH�
VRPH� LQFRQYHQLHQFH� DQG� RFFDVLRQDO� GLVFRPIRUW� DVVRFLDWHG�ZLWK�&00�� WKH� SRWHQWLDO� IRU� KLJKO\�
SRVLWLYH� OLIH� RXWFRPHV� LV� LOOXPLQDWHG�� /DVWO\�� &00� PDQDJHPHQW� LV� GLVFXVVHG� DV� D� NH\� JRDO�
WRZDUG�ZKLFK�IXWXUH�UHVHDUFK�VKRXOG�VWULGH� 

.H\ZRUGV��FRQJHQLWDO�PLUURU�PRYHPHQWV��&00��PRYHPHQW�GLVRUGHU��ELPDQXDO�DFWLRQV��YROLWLRQ 

/HV� PRXYHPHQWV� PLURLUV� FRQJpQLWDX[� �00&�� QRQ-V\QGURPLTXHV� VRQW� XQH� FRQGLWLRQ�
QHXURORJLTXH� UDUH�� KpUpGLWDLUH� RX� VSRUDGLTXH�� GDQV� ODTXHOOH� OHV� LQGLYLGXV� DIIHFWpV�PDQTXHQW� GH�
GH[WpULWp� LQGpSHQGDQWH� GHV� PRXYHPHQWV� GHV� PDLQV� HW� GHV� GRLJWV�� 3RXU� WRXV� OHV� PRXYHPHQWV�
YRORQWDLUHV� GHV� PDLQV� HW� GHV� GRLJWV�� VXUYLHQW� GX� PLUURULQJ� LQYRORQWDLUH� GDQV� OHV� HIIHFWHXUV�
KRPRORJXHV�GX�F{Wp�RSSRVp��8Q�PpFDQLVPH�QHXURQDO�FDUDFWpULVWLTXH�GHV�00&�FRQVLVWH�HQ�GHV�
YRLHV� FRUWLFR-VSLQDOHV� H[WUD-LSVLODWpUDOHV� DQRUPDOHV� HW� DFWLYHV�� ¬� FH� MRXU�� GHV� PXWDWLRQV� GDQV�
TXDWUH�JqQHV�UHVSRQVDEOHV�RQW�pWp�LGHQWLILpHV��&HWWH�UHYXH�pWXGLH�OD�SK\VLRORJLH�VRXV-WHQGDQW�OHV�
00&�� HQ� LQFOXDQW� OHV� PpFDQLVPHV� QHXURQDX[� LPSOLTXpV� HW� VRQ� LPSRUWDQFH� FOLQLTXH��
/¶KpWpURJpQpLWp� GH� OD� FRQGLWLRQ� HVW� PLVH� HQ� pYLGHQFH�� SDUWLFXOLqUHPHQW� HQ� FH� TXL� FRQFHUQH�
O¶LPSRUWDQFH�FOLQLTXH�GHV�IDFWHXUV�DVVRFLpV�j�VRQ�SKpQRW\SH��&HUWDLQHV�VSpFXODWLRQV�j�SURSRV�GHV�
HIIHWV�GHV�00&�VXU�OH�V\VWqPH�VRPDWRVHQVRULHO�VRQW�DXVVL�SURSRVpHV�FRPPH�SLVWHV�SURVSHFWLYHV�
G¶pWXGHV� IXWXUHV�� 0DOJUp� TXHOTXHV� LQFRQYpQLHQWV� HW� OHV� LQFRQIRUWV� RFFDVLRQQHOV� DVVRFLpV� DX[�
00&�� OD� SRVVLELOLWp� GH� YLYUH� GHV� H[SpULHQFHV� GH� YLH� SRVLWLYHV� HVW� VRXOLJQpH�� )LQDOHPHQW�� OD�
JHVWLRQ� GHV� 00&� HVW� GLVFXWpH� HQ� WDQW� TX¶REMHFWLI� FOp� DXTXHO� OHV� UHFKHUFKHV� IXWXUHV� GHYUDLHQW�
V¶LQWpUHVVHU�� 

0RWV�FOpV ��PRXYHPHQWV�PLURLUV�FRQJpQLWDX[�QRQ-V\QGURPLTXHV��00&��WURXEOH�GX�PRXYHPHQW��
DFWLRQV�ELPDQXHOOHV��YRORQWp 

 �,PDJLQH�SRLQWLQJ�DW�VRPHWKLQJ�ZLWK�D�ILQJHU�RI�WKH�
ULJKW�KDQG�DQG�KDYLQJ�WKH�OHIW�KDQG¶V�ILQJHU�PLPLF�WKH�
ULJKW�KDQG¶V�PRYHPHQWV��RU� MRWWLQJ�GRZQ�D�QRWH�ZLWK�

\RXU� GRPLQDQW� KDQG� ZKLOH� \RXU� QRQ-GRPLQDQW� KDQG�
SURGXFHV�PLUURU� ZULWLQJ�� 7KHVH� DUH� W\SLFDO� H[DPSOHV�
SURGXFHG� E\� SHRSOH� ZLWK� FRQJHQLWDO� PLUURU�
PRYHPHQWV� �&00��� D� UDUH� FRQGLWLRQ� LQ� ZKLFK�
LQYROXQWDU\� PRYHPHQWV� RI� WKH� KDQGV� DQG� ILQJHUV� RQ�
RQH� VLGH� RI� WKH� ERG\� RFFXU� ZLWK� DOO� LQWHQGHG�
XQLPDQXDO� PRYHPHQWV� RI� KRPRORJRXV� HIIHFWRUV�
�&RKHQ� HW� DO��� ������ )UDQ]�� ������� ,Q� DGGLWLRQ��
PLUURULQJ�FDQ�RFFXU�LQ�RWKHU�HIIHFWRU�V\VWHPV�VXFK�DV�
WKH� IHHW� RU� XSSHU� DUPV� �)UDQ]� HW� DO��� ������ 6FKRWW�	�
:\NH���������,QVWDQFHV�RI�WKH�FRQGLWLRQ�FDQ�EH�IRXQG�
LQ� PXOWLJHQHUDWLRQDO� IDPLOLHV� DV� ZHOO� DV� LQ� VSRUDGLF�
FDVHV��ZLWK�WKH�SUHYDOHQFH�HVWLPDWHG�WR�EH�DV�ORZ�DV���

:H�WKDQN�DOO�SDUWLFLSDQWV�LQ�RXU�&00�UHVHDUFK�IRU�WKHLU�JHQHURXV�
WLPH�DQG�VXSSRUW��7KHLU�]HDO�IRU�XQFRYHULQJ�WKH�QXDQFHV�RI�WKH�
FRQGLWLRQ�KDV�EHHQ�DQ�LQVSLUDWLRQ�DQG�ZH�ZLOO�FHUWDLQO\�FDUU\�WKDW�
HQWKXVLDVP�ZLWK�XV�JRLQJ�IRUZDUG�� 
&RUUHVSRQGHQFH�UHJDUGLQJ�WKLV�DUWLFOH�VKRXOG�EH�DGGUHVVHG�WR���/D�
FRUUHVSRQGDQFH�FRQFHUQDQW�FHW�DUWLFOH�GHYUDLW�rWUH�DGUHVVpH�j��� 
(OL]DEHWK�$��)UDQ]��'HSDUWPHQW�RI�3V\FKRORJ\��8QLYHUVLW\�RI�2WD�
JR��'XQHGLQ��1HZ�=HDODQG� 
$FWLRQ��%UDLQ��DQG�&RJQLWLRQ�/DE� 
7HO������������������ 
)D[����������������� 
(-PDLO��OIUDQ]#SV\�RWDJR�DF�Q] 
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LQ� ���������� SHRSOH� �2USKDQHW�� ������� � +RZHYHU��
0pQHUHW��7URXLOODUG��'HSLHQQH�� DQG�5R]H� ������� DQG�
0DUVK� HW� DO�� ������� SURSRVH� WKDW� &00� FRXOG� EH�
XQGHUGLDJQRVHG�� SDUWLFXODUO\� DPRQJ� LQGLYLGXDOV�
ZKRVH� V\PSWRPV� DUH� PLOG�� IXUWKHUPRUH�� VXEFOLQLFDO�
HYLGHQFH�RI�PLUURULQJ�KDV�EHHQ�UHSRUWHG��)UDQ]�HW�DO���
������� 

&00�� DV� GHILQHG� KHUHLQ� �DQG� LQ� RWKHU� VWXGLHV��
)UDQ]�HW�DO���������0pQHUHW�HW�DO���������UHIHUV� WR�WKH�
QRQ-V\QGURPLF� IRUP� LQ� WKDW� LVRODWHG�PLUURULQJ� LV� WKH�
RQO\� EHKDYLRUDO� V\PSWRP� �DW� OHDVW�� WKH� RQO\� RQH�
NQRZQ��� +RZHYHU�� LW� LV� LPSRUWDQW� WR� SRLQW� RXW� WKDW�
RWKHU� V\QGURPLF� PLUURULQJ� FRQGLWLRQV� WKDW� IHDWXUH�
PLUURU� PRYHPHQWV� DV� D� VLJQ� RU� V\PSWRP� RI� PRUH�
HQFRPSDVVLQJ� QHXURORJLFDO� GLVRUGHUV� H[LVW� �H�J���
.OLSSHO-)HLO�V\QGURPH��8VKHU
V�V\QGURPH��DJHQHVLV�RI�
WKH� FRUSXV� FDOORVXP� >6FKRWW� 	� :\NH�� ����@��
.DOOPDQQ�V\QGURPH�>.UDPV�HW�DO�������@��3DUNLQVRQ¶V�
'LVHDVH�>/L�HW�DO�������@��RU�IROORZLQJ�VWURNH�>1HOOHV��
&UDPHU�� 6FKDHFKWHU�� .DSODQ�� 	� )LQNOHVWHLQ�� ����@���
DQG� W\SLFDOO\�SRVH� IXUWKHU� FRQVHTXHQFHV� IRU�EHKDYLRU�
DQG�FRJQLWLYH�IXQFWLRQLQJ�� 

7KH� VHYHULW\� LQ� ZKLFK� &00� PDQLIHVWV� KDV� EHHQ�
VKRZQ�WR�YDU\�ZLGHO\�DFURVV�LQGLYLGXDOV��)RU�H[DPSOH��
&00�PD\� EH� XQGHWHFWDEOH� XSRQ� YLVXDO� REVHUYDWLRQ��
EXW� ZKHQ� SUHVHQW� FDQ� EH� PHDVXUHG� LQ� PRYHPHQWV�
UDQJLQJ� IURP� WKH� ILQJHUWLSV� WR� WKH� VKRXOGHU� JLUGOH�� LW�
PD\� RU� PD\� QRW� DOVR� EH� DSSDUHQW� LQ� RWKHU� HIIHFWRUV�
VXFK� DV� WKH� WRHV� �)UDQ]� HW� DO��� ������� ,W� FDQ� YDU\� LQ�
H[WHQW� DFURVV� DIIHFWHG� PHPEHUV� RI� WKH� VDPH� IDPLO\�
�)DVDQR�HW�DO���������)UDQ]�HW�DO����������\HW�LW�VHHPV�D�
FRPPRQDOLW\� WKDW� PLUURULQJ� RFFXUV� SULPDULO\� LQ� WKH�
GLVWDO� XSSHU� OLPEV� GXULQJ� DFWLYH� PRYHPHQWV� �L�H���
YROXQWDU\� RU� LQWHQWLRQDO�� DV� RSSRVHG� WR� SDVVLYH�
PRYHPHQWV�ZKLFK�RFFXU�ZKHQ�VRPHRQH�RU�VRPHWKLQJ�
HOVH�DFWV�RQ�WKH�ERG\���&00�LV�SUHVHQW�GXULQJ�LQIDQF\�
ZLWK�QR�DSSDUHQW�SURJUHVVLRQ�RU�UHJUHVVLRQ�LQ�LQWHQVLW\�
WKURXJKRXW� OLIH� DQG� LV� QRW� DFFRPSDQLHG� E\� RWKHU�
IXQFWLRQDO� GHILFLWV� DV� \HW� NQRZQ�� XQOHVV� UHODWHG� WR� D�
IRUP� RI� GLVRUGHU� DV� OLVWHG� DERYH� �6FKRWW� 	� :\NH��
�������:KHUHDV�V\PPHWULFDO�ELPDQXDO�PRYHPHQWV�DUH�
HDV\� WR� SHUIRUP� E\� SHRSOH� DIIHFWHG� E\� &00��
ELPDQXDO�DFWLRQV�UHTXLULQJ�GLVWLQFW�PRYHPHQWV�RI� WKH�
WZR�KDQGV��)UDQ]��������)UDQ]��=HOD]QLN��	�0F&DEH��
������ UHYLHZHG� LQ� )UDQ]�� ������ SRVH� IDU� PRUH�
GLIILFXOW\� WKDQ� LQ�QHXURORJLFDOO\-QRUPDO� VDPSOHV��)RU�
H[DPSOH�� VNLOOV� VXFK� DV� SOD\LQJ� WKH� SLDQR� SUHVHQW� D�
JUHDW� FKDOOHQJH�� DOWKRXJK� FDQ� EHFRPH� SRVVLEOH�
WKURXJK� SUDFWLFH� ZLWK� FRQFHUWHG� HIIRUW�DWWHQWLRQ��
+RZHYHU�� DSSO\LQJ� HIIRUW� RU� DWWHQWLRQ� GRHV� QRW�
FRPSOHWHO\� HOLPLQDWH� WKH�PLUURULQJ� �6FKRWW�	�:\NH��
������� 0LUURU� PRYHPHQWV� DOVR� WHQG� WR� EH� RI� OHVVHU�
DPSOLWXGH� WKDQ� WKH� LQWHQGHG� PRYHPHQWV� WKH\� PLPLF�
�)UDQ]� HW� DO��� ������� 3DLQIXO� FRQWUDFWLRQV� RI� WKH�
PXVFOHV� LQ� WKH� PLUURULQJ� OLPE� FDQ� RFFXU� LQ� VRPH�
LQGLYLGXDOV� ZLWK� &00�ZKLOH� DWWHPSWLQJ� WR� VXSSUHVV�

WKH�LQYROXQWDU\�PRYHPHQWV��&LQFRWWD�HW�DO���������EXW�
W\SLFDOO\�� PLUURULQJ� LV� OLQNHG� WR� HPEDUUDVVPHQW� DQG�
FOXPVLQHVV�PRUH�VR�WKDQ�VHYHUH�IXQFWLRQDO�GLIILFXOWLHV�
�6FKRWW� 	� :\NH�� ������� +RZHYHU�� LW� LV� UDWKHU�
VXUSULVLQJ� WKDW� PRUH� IRFXV� KDV� QRW� EHHQ� GLUHFWHG�
WRZDUG� GHYHORSLQJ� PHWKRGV� RI� &00� PDQDJHPHQW��
SDUWLFXODUO\� LQ� UHVSHFW� WR� FRQWURO� RI� XQLPDQXDO� DQG�
ELPDQXDO�DFWLRQV��$W�SUHVHQW��WKHUDSHXWLF�VWUDWHJLHV�DUH�
ODUJHO\�OLPLWHG�WR�ELRIHHGEDFN��L�H���JDLQLQJ�DZDUHQHVV�
RI� PXVFOH� DFWLYLW\� XVLQJ� HOHFWURP\RJUDSK\� UHDGLQJV��
6FKRWW�	�:\NH��������DQG�UHKDELOLWDWLYH�WUDLQLQJ��L�H���
HQJDJLQJ� LQ� UHJXODU� SK\VLFDO� DQG� PHQWDO� SUDFWLFH� RI�
XQLODWHUDO� DQG� VHSDUDWH� ELODWHUDO� ILQJHU� PRYHPHQWV��
&LQFRWWD� HW� DO��� ������� EXW� WKHLU� ORQJ-WHUP�
HIIHFWLYHQHVV�LV�TXHVWLRQDEOH��FI��,QWHUYHQWLRQV�� 

,VRODWHG� PLUURULQJ�� DV� LQ� &00�� FDQ� EH� TXLWH�
GLIILFXOW� WR� GHWHFW�� HYHQ� WR� WKH� WUDLQHG� FOLQLFDO� H\H��
$WWHPSWLQJ� WR�GLDJQRVH�&00�LQ�\RXQJ�FKLOGUHQ� FDQ�
EH� HVSHFLDOO\� FRPSOLFDWHG� JLYHQ� WKDW� \RXQJ� FKLOGUHQ�
QRUPDOO\� GHPRQVWUDWH� VRPH� PLUURULQJ� RI� WKH� GLVWDO�
XSSHU� H[WUHPLWLHV�� SRVVLEO\� LQ� DVVRFLDWLRQ� ZLWK�
QHXURGHYHORSPHQWDO� SURFHVVHV� VXFK� DV� PDWXUDWLRQ�
�LQFOXGLQJ� P\HOLQDWLRQ�� RI� WKH� FRUSXV� FDOORVXP�
�0D\VWRQ�� +DUULVRQ�� 	� 6WHSKHQV�� ������ FI�� RWKHU�
H[DPSOHV� EHORZ��� 8QGHUVWDQGLQJ� WKH� EHKDYLRUDO�
SKHQRW\SH�V�� RI� &00� LV� D� VWHS� WRZDUG� D� EHWWHU�
XQGHUVWDQGLQJ�RI� WKH�FRQGLWLRQ�EXW�PD\�DOVR�DVVLVW� LQ�
LWV�FOLQLFDO�GLDJQRVLV� 

:KLOH� WKH� PLUURULQJ� SUHVHQW� LQ� &00� FDQ� EH� D�
QXLVDQFH�DQG�LQWHUIHUH�ZLWK�HYHU\GD\�DFWLYLWLHV��SHRSOH�
ZLWK� &00� KDYH� VHHPHG� WR� FRSH� ZLWK� WKH� FRQGLWLRQ�
TXLWH�ZHOO�LQ�PDQ\�FDVHV��)UDQ]���������8QIRUWXQDWHO\��
WKDW�LV�QRW�WKH�FDVH�IRU�DOO�DIIHFWHG�LQGLYLGXDOV��VRPH�RI�
ZKRP�KDYH�UHSRUWHG�GLIILFXOWLHV�LQ�ZRUN-UHODWHG�WDVNV��
VXFK� DV�ZULWLQJ� RU� W\SLQJ� RQ� FRPSXWHU� NH\V�� RU�ZLWK�
VNLOOV� WKDW� UHTXLUH� FRRUGLQDWHG�PRYHPHQWV� RI� WKH� WZR�
KDQGV��VXFK�DV�SOD\LQJ�PXVLFDO�LQVWUXPHQWV��&RKHQ�HW�
DO����������7KHUH�DUH�HYHQ�UHSRUWV�RI�TXLWH�VHYHUH�SDLQ�
LQ�WKH�QRQ-GRPLQDQW�DUP�ZKLOH�ZULWLQJ�GXH�WR�DWWHPSWV�
WR� VWLIOH� WKH�PLUURU�PRYHPHQWV��&LQFRWWD�HW�DO���������
)UDQ]� HW� DO��� ������� 7KXV�� &00� SRVHV� VRPH�
FKDOOHQJHV� WKDW� FDQ� LQIOXHQFH� ZHOO-EHLQJ� DQG� W\SLFDO�
GDLO\� DFWLYLWLHV�� DQG� FDQ� EH� SDUWLFXODUO\� FRQFHUQLQJ��
HVSHFLDOO\� IRU� SDUHQWV� RI� D� \RXQJ� FKLOG� ZKR� VKRZV�
PLUURULQJ�HDUO\�LQ�OLIH��WKXV�GULYLQJ�WKH�IDPLO\�WR�VHHN�
PHGLFDO�KHOS��)DVDQR�HW�DO����������7KH�SUHVHQW�UHYLHZ�
FRYHUV� VRPH� RI� WKH� NQRZQ� GHWDLOV� RI� UHODWLYHO\� QHZ�
ILQGLQJV� OLQNHG� WR� WKH� QHXURDQDWRPLFDO� PHFKDQLVPV�
DQG� JHQHWLFV� XQGHUO\LQJ� &00�� DQG� WKHQ� SURYLGHV�
LQIRUPDWLRQ�PRUH�UHOHYDQW�WR�WKH�FOLQLFDO�H\H� 

1HXURGHYHORSPHQWDO�&RQVLGHUDWLRQV�DQG�5HODWHG�
1HXUDO�&RUUHODWHV 

*LYHQ�WKDW�&00�LV�WKRXJKW�WR�EH�SUHVHQW�DW�ELUWK��D�
QXPEHU� RI� QHXURGHYHORSPHQWDO� HIIHFWV� KDYH� EHHQ�
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FRQVLGHUHG��,SVLODWHUDO�FRUWLFRVSLQDO�WUDFWV��,&67V��FDQ�
EH� REVHUYHG� LQ� QHXURORJLFDOO\-QRUPDO� QHZERUQV� EXW�
DUH�H[SHFWHG�WR�ZLWKGUDZ�GXULQJ�WKH�ILUVW����PRQWKV�RI�
OLIH� DQG� EHFRPH� YHVWLJLDO� �(\UH�� 7D\ORU�� 9LOODJUD��
6PLWK�� 	� 0LOOHU�� ������� +RZHYHU�� HYLGHQFH�
VXSSRUWLQJ�WKH�SUHVHQFH�RI�,&67V�LQ�DGXOW�&00�FDVHV�
KDV� EHHQ� ZHOO� GRFXPHQWHG�� :KHWKHU� IDVW-FRQGXFWLQJ�
,&67V�DPRQJ�LQGLYLGXDOV�ZKR�KDYH�&00�DUH�D�UHVXOW�
RI� JHQHWLF� PXWDWLRQV� WKDW� LPSDFW� D[RQDO� JXLGDQFH�
GXULQJ� JHVWDWLRQ�� RU� WKDW� LQIOXHQFH� WKH� SRVWQDWDO�
ZLWKGUDZDO��L�H���D[RQ�RU�V\QDSVH�HOLPLQDWLRQ��SURFHVV��
LV�QRW�\HW�GLVHQWDQJOHG��,Q�DQ�LQLWLDO�VWXG\��&RKHQ�HW�DO��
������� WHVWHG� IRU�PRWRU� HYRNHG� SRWHQWLDOV� �0(3V�� LQ�
WKH�WKHQDU�PXVFOHV�RI�HDFK�KDQG��IRXQG�DW�WKH�EDVH�RI�
WKH� WKXPE�� RI� WZR� LQGLYLGXDOV� ZLWK� &00� XVLQJ�
WUDQVFUDQLDO� HOHFWULF� VWLPXODWLRQ� DQG� WUDQVFUDQLDO�
PDJQHWLF� VWLPXODWLRQ� �706��� )RU� ERWK� SDUWLFLSDQWV��
VWLPXODWLRQ� E\� HLWKHU� WUDQVFUDQLDO� HOHFWULF� VWLPXODWLRQ�
RU�706� UHVXOWHG� LQ�ELODWHUDO� WKHQDU�PXVFOH� UHVSRQVHV�
WKDW� RFFXUUHG� DW� VLPLODU� ODWHQFLHV�� 7KH� UHVHDUFKHUV�
VXJJHVWHG� WKDW� LQWHUKHPLVSKHULF�FRQQHFWLRQV�ZHUH�QRW�
UHVSRQVLEOH�IRU�WKH�ELODWHUDO�PXVFOH�UHVSRQVHV�EHFDXVH�
FRQGXFWLRQ� WKURXJK� WKH� FRUSXV� FDOORVXP� ZRXOG� KDYH�
FDXVHG� PRYHPHQWV� WR� EH� VOLJKWO\� GHOD\HG� LQ� WKH�
PLUURULQJ� KDQG� �UDWKHU� WKDQ� VLPXOWDQHRXV� DV�
PHDVXUHG��� D� ILQGLQJ� FRUURERUDWHG� E\� RWKHUV� �H�J���
&LQFRWWD� HW� DO��� ������� )DUPHU�� ,QJUDP�� DQG� 6WHSKHQV�
�������SURSRVHG� WKH� LQWHUHVWLQJ�DOWHUQDWLYH�SRVVLELOLW\�
WKDW� WKH� FRQWUDODWHUDO� FRUWLFRVSLQDO� WUDFWV� KDYH�
DEQRUPDO� GLVWDO� EUDQFKHV� ZKLFK� FRQQHFW� WR� WKH�
LSVLODWHUDO� VLGH� DQG� PLJKW� EH� WKH� FDXVH� RI� PLUURULQJ�
�UDWKHU� WKDQ� ,&67V��� EXW� WKHLU� WKHRU\� KDV� EHHQ�
TXHVWLRQHG�E\�RWKHUV��&LQFRWWD�HW�DO���������� 

'HVSLWH� &RKHQ� HW� DO�¶V� ������� DVVHUWLRQ� WKDW� WKH�
SURGXFWLRQ� RI� PLUURU� PRYHPHQWV� LV� QRW� GXH� WR� WKH�
WUDQVIHU� RI�PRWRU� VLJQDOV� DFURVV� WKH� FRUSXV� FDOORVXP��
VRPH�HYLGHQFH�LV�VXJJHVWLYH�RI�ELODWHUDO�SULPDU\�PRWRU�
FRUWH[� �0��� DFWLYDWLRQ�� &LQFRWWD�� /RUL�� *DQJHPL��
%DURQWLQL�� DQG� 5DJD]]RQL� ������� DVVHVVHG� WKLV�
SRVVLELOLW\� E\� UHFRUGLQJ� WKH� FRUWLFDO� VLOHQW� SHULRGV� RI�
DEGXFWRU� SROOLFLV� EUHYLV� PXVFOHV� �SDUW� RI� WKH� WKHQDU�
HPLQHQFH�� ELODWHUDOO\� XVLQJ� HOHFWURP\RJUDSK\� ZKHQ�
DQ� LQGLYLGXDO�ZLWK�&00� UHFHLYHG� XQLODWHUDO�706� WR�
0��� 7KH� SDUWLFLSDQW� GHPRQVWUDWHG� D� ELODWHUDO� VLOHQW�
SHULRG� �DV� RSSRVHG� WR� WKH� W\SLFDO� XQLODWHUDO�� WKDW�ZDV�
VLJQLILFDQWO\� VKRUWHU� WKDQ� LQ� FRQWUROV�� 7KDW� RXWFRPH�
OHG� WKH� UHVHDUFKHUV� WR� SURSRVH� WKDW� WKH� PLUURU� 0��
FDXVHV� HDUO\� UHVXPSWLRQ� RI� (0*� DFWLYLW\� DW� D� ORZHU�
DPSOLWXGH� RQFH� WUDQVLHQW� LQWHUKHPLVSKHULF� LQKLELWLRQ�
�GXH�WR�WKH�706�DSSOLFDWLRQ�LQ�WKH�DFWLYH�0���FHDVHV��
7KLV� LQWHUKHPLVSKHULF� LQKLELWLRQ� UHIHUV� WR� D� QHXUDO�
SURFHVV�LQ�ZKLFK�PRWRU�FRPPDQGV�DUH�SUHYHQWHG�IURP�
VSUHDGLQJ� EH\RQG� WKH� DFWLYH� KHPLVSKHUH�� WKHUHE\�
HQDEOLQJ� PRYHPHQWV� WR� EH� SHUIRUPHG� VWULFWO\�
XQLODWHUDOO\� �&LQFRWWD� 	� =LHPDQQ�� ������ 6KHQ� 	�
)UDQ]���������7KXV��WKH�VWXG\�RI�&LQFRWWD�HW�DO���������
VXJJHVWV�WKDW�WKH�SURGXFWLRQ�RI�PLUURU�PRYHPHQWV�PD\�

EH� DWWULEXWDEOH� WR� ERWK� LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV�
DQG�ELODWHUDO�0��DFWLYLW\�� 

*DOOHD� HW� DO�� ������� DVVHVVHG� WKUHH� SRVVLEOH�
K\SRWKHVHV� DLPHG� DW� HOXFLGDWLQJ� KRZ� PLUURU�
PRYHPHQWV� DUH� SURGXFHG� RQ� WKH� EDVLV� RI� WHVWV� IRU� ���
HYLGHQFH� RI� LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV�� ���
DEQRUPDO�LQWHUKHPLVSKHULF�LQKLELWLRQ�OHDGLQJ�WR�PRWRU�
FRPPDQGV� HPDQDWLQJ� IURP� ELODWHUDO� 0��� DQG� ���
WUDQVIHU� RI� PRWRU� SODQV� IURP� WKH� VHFRQGDU\� PRWRU�
DUHDV� WR� 0�� LQ� HDFK� KHPLVSKHUH�� 6HYHQ� LQGLYLGXDOV�
ZLWK� &00� XQGHUZHQW� VLQJOH-SXOVH� IRFDO� 706�
PHWKRGV�� ZKLFK� FRQILUPHG� WKDW� FRQWUDODWHUDO� DQG�
LSVLODWHUDO�0(3V�RFFXUUHG�LQ�WKH�KDQG�PXVFOHV��0(3V�
PHDVXUHG�LQ�WKH�PLUURU�KDQG�ZHUH�VLJQLILFDQWO\�VPDOOHU�
WKDQ� LQ� WKH� YROLWLRQDO� KDQG�� EXW� QR� GLIIHUHQFHV� LQ�
ODWHQF\� ZHUH� GHWHFWHG� EHWZHHQ� KDQGV�� FRUURERUDWLQJ�
&RKHQ� HW� DO�¶V� ������� DQG� &LQFRWWD� HW� DO�¶V� �������
������������ILQGLQJV�WKDW�LQGLYLGXDOV�ZLWK�&00�KDYH�
IXQFWLRQDO� LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV� HYHQ� LQWR�
DGXOWKRRG�� $GGLWLRQDO� HYLGHQFH� FRQVLVWHQW� ZLWK� WKH�
SUHVHQFH�RI� ,&67V�ZDV�GHPRQVWUDWHG�E\�*DOOHD�HW�DO��
�������XVLQJ�GLIIXVLRQ� WUDFWRJUDSK\��7KH� ,&67V�ZHUH�
IRXQG� WR� EH� FKDUDFWHUL]HG� E\� D� KLJKHU� SURSRUWLRQ� RI�
ILEHUV� WKDQ� WKH� FRQWUDODWHUDO� WUDFWV� IRU� WKH� &00�
SDUWLFLSDQWV�� ZKLFK� JRHV� DJDLQVW� H[SHFWDWLRQV� JLYHQ�
WKDW� QHXURW\SLFDO� DGXOWV� VKRXOG� KDYH� YHVWLJLDO�
LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV� �(\UH� HW� DO��� ������� $�
VLPLODU�ILQGLQJ�KDV�UHFHQWO\�EHHQ�UHSRUWHG�E\�0pQHUHW�
HW�DO��������� 

7R� WHVW� LQWHUKHPLVSKHULF� LQKLELWLRQ� �L�H��� WKH�
UHVWULFWLRQ� RI� PRWRU� RXWSXW� WR� WKH� DFWLYH� KHPLVSKHUH�
GXULQJ�SHUIRUPDQFH�RI�XQLODWHUDO�DFWLRQV���*DOOHD�HW�DO��
�������FDOFXODWHG�IUDFWLRQDO�DQLVRWURS\��)$���DQ�LQGH[�
RI� ZDWHU� GLIIXVLRQ� DORQJ� D[RQV�� ZKLFK� LV� XVHG� DV� D�
SUR[\�PHDVXUH� RI� WKH� GHQVLW\� RI� QHXURQDO� ILEHUV�� )$�
YDOXHV� IRU� WKH� SRUWLRQ� RI� WKH� FRUSXV� FDOORVXP� WKDW�
FRQQHFWV� KRPRORJRXV� KDQG� PRWRU� DUHDV� ZHUH�
VLJQLILFDQWO\�ODUJHU�LQ�&00�SDUWLFLSDQWV�FRPSDUHG�WR�
FRQWUROV�� 7KH� )$� YDOXHV� ZHUH� LQWHUSUHWHG� DV�
GLIIHUHQFHV� LQ� FRQQHFWLRQ� SUREDELOLWLHV�� ZKLFK� DUH�
WKRXJKW� WR� FRQWULEXWH� WR� DEQRUPDO� LQWHUKHPLVSKHULF�
LQKLELWLRQ�� 7KH� ODUJHU� WKH� FRQQHFWLRQ� SUREDELOLW\�� WKH�
PRUH� SUHFLVH� WKH� V\QFKURQLFLW\� RI� PXVFXODU� DFWLYLW\�
GXULQJ� PLUURU� PRYHPHQWV�� 6XFK� ILQGLQJV� DUH�
FRQJUXRXV�ZLWK� WKH� YLHZ� SUHVHQWHG� LQ� &LQFRWWD� HW� DO��
������� ������� WKDW� ERWK� SULPDU\� PRWRU� FRUWLFHV�
FRQWULEXWH� WR� WKH� DFWLYLW\� RI� WKH� YROXQWDU\� DQG�
PLUURULQJ�KDQGV��*DOOHD�HW�DO��������� 

7KH� VXSSOHPHQWDU\� PRWRU� DUHD� �60$�� KDV� EHHQ�
DVVRFLDWHG�ZLWK�PRWRU�SODQQLQJ��ZKLFK�JDYH�ULVH�WR�WKH�
SURSRVDO� LQ�*DOOHD� HW� DO�� ������� WKDW� DEQRUPDOLWLHV� RI�
WKH� 60$� FRXOG� LPSDFW� KRZ� PRWRU� SODQV� DUH�
WUDQVPLWWHG� WR� WKH� SULPDU\� PRWRU� DUHDV�� DQG� DV� D�
FRQVHTXHQFH�RI�VXFK�LUUHJXODULWLHV��PLUURU�PRYHPHQWV�
FRXOG� UHVXOW�� &RQVLVWHQW� ZLWK� LQYROYHPHQW� RI� PRWRU�
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SODQQLQJ� DUHDV�� UHFHQW� ILQGLQJV� KDYH� UHYHDOHG�
DEQRUPDO� SUHPRWRU� SURFHVVHV� LQ� SHRSOH� ZLWK� &00�
�)UDQ]� 	� )X�� ������ ������� )XUWKHUPRUH�� LW� KDV� EHHQ�
DFNQRZOHGJHG� WKDW� VXEFRUWLFDO� SURFHVVHV�� VXFK� DV�
WKRVH� FRPSULVLQJ� WKDODPR-EDVDO-JDQJOLD� FLUFXLWV��
PLJKW� SOD\� D� SDUW� LQ� 60$� DFWLYLW\� �FI�� )UDQ]� 	� )X��
������ ������ IRU� PRUH� GHWDLOV��� 7R� WHVW� IRU� SRVVLEOH�
60$� LQYROYHPHQW�� *DOOHD� HW� DO�� ������� DQDO\]HG�
SHRSOH� ZLWK� &00� XVLQJ� IXQFWLRQDO� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� ZKLOH� WKH\� SHUIRUPHG� VHTXHQWLDO�
ILQJHU� WDSSLQJ� PRYHPHQWV� HLWKHU� XQLODWHUDOO\� RU�
ELODWHUDOO\��:KHQ�WDSSLQJ�ZLWK�MXVW�RQH�KDQG��D�ODUJHU�
WKDQ� H[SHFWHG� QHXUDO� UHVSRQVH� ZDV� IRXQG� LQ� WKH�
LSVLODWHUDO� 60$�� EXW� FRQWUDODWHUDO� 60$� DFWLYLW\� ZDV�
QHXURW\SLFDO��$�SRVLWLYH�FRUUHODWLRQ�ZDV�DOVR�LGHQWLILHG�
EHWZHHQ� PLUURU� PRYHPHQW� VHYHULW\�� DV� PHDVXUHG� E\�
(0*�� DQG� LSVLODWHUDO� 60$� DFWLYLW\� �*DOOHD� HW� DO���
������ 

&RQQHFWLYLW\� EHWZHHQ� WKH� SULPDU\� DQG�
VXSSOHPHQWDU\� PRWRU� UHJLRQV� ZDV� DQRWKHU� PHDVXUH�
LQYHVWLJDWHG� E\� *DOOHD� HW� DO�� �������� ,Q� XQLPDQXDO�
WDSSLQJ� FRQGLWLRQV� SHUIRUPHG� E\� WKRVH� ZLWK� &00��
JUHDWHU� GHJUHHV� RI� FRQQHFWLYLW\� EHWZHHQ� LSVLODWHUDO�
60$�DQG�0���UHJLRQV�RQ�WKH�VDPH�VLGH�RI�WKH�ERG\�DV�
WKH� LQWHQWLRQDO� ILQJHU� WDSSLQJ� PRYHPHQWV�� ZHUH�
GHPRQVWUDWHG� LQ� FRPSDULVRQ� WR� FRQQHFWLYLW\� EHWZHHQ�
FRQWUDODWHUDO� 60$� DQG�0�� �UHJLRQV� RQ� WKH� RSSRVLWH�
VLGH��� +RZHYHU�� EDVHG� RQ� VWUXFWXUDO� PHDVXUHV�� )$�
YDOXHV� RI� WKH� QHXUDO� SDWKZD\V� EHWZHHQ� HDFK�
KHPLVSKHUH¶V� 60$� DQG�0��ZHUH� FRPSDUDEOH��ZKLFK�
VXJJHVWV� QR� GLIIHUHQFHV� LQ� FRQQHFWLRQ� SUREDELOLWLHV��
7KH�ILQGLQJV�LQGLFDWH�WKDW�IXQFWLRQDO�YDULDWLRQV��UDWKHU�
WKDQ�DQDWRPLFDO�RQHV��DUH�WKH�PRUH�SUREDEOH�FDXVH�RI�
WKH� DW\SLFDO� QHXUDO� DFWLYLW\� SDWWHUQV� REVHUYHG� LQ�
LQGLYLGXDOV�ZLWK�&00�ZLWK�UHVSHFW�WR�VXSSOHPHQWDU\�
DQG�SULPDU\�PRWRU�DUHDV��*DOOHD�HW�DO��������� 

0XOWLSOH� FRQFOXVLRQV� DERXW� &00� FDQ� EH� GUDZQ�
IURP�WKH�FRPSUHKHQVLYH�VWXG\�XQGHUWDNHQ�E\�*DOOHD�HW�
DO�� �������� )LUVW�� WKH� SUHVHQFH� RI� IDVW-FRQGXFWLQJ�
LSVLODWHUDO�FRUWLFRVSLQDO�WUDFWV�LV�VWURQJO\�FKDUDFWHULVWLF�
RI�WKH�FRQGLWLRQ��6HFRQGO\��WKH�FRQQHFWLRQ�SUREDELOLW\�
RI�KRPRORJRXV�KDQG�PRWRU� WHUULWRULHV� �D� UHIOHFWLRQ�RI�
LQWHUKHPLVSKHULF� LQKLELWLRQ� GHILFLHQFLHV�� VHHPV� WR� EH�
HVSHFLDOO\�ODUJH�LQ�FDVHV�RI�&00��*DOOHD�HW�DO���������
SURSRVHG� WKDW� WKLV� HQKDQFHG� FRQQHFWLRQ� SUREDELOLW\�
PD\�EH�HYLGHQFH�RI�D�FRPSHQVDWRU\�PHFKDQLVP��L�H���
QHXURQDO� GHQVLW\� LV� LQFUHDVHG� LQ� DQ� XQVXFFHVVIXO�
DWWHPSW� WR� VWUHQJWKHQ� LQWHUKHPLVSKHULF� LQKLELWLRQ���
/DVWO\��PRWRU�DFWV�KDYH�EHHQ�VKRZQ�WR�EH�LQLWLDWHG�E\�
WKH� VXSSOHPHQWDU\� PRWRU� DUHD� ZKHQ� LW� FHDVHV�
LQKLELWLQJ�WKH�SULPDU\�PRWRU�FRUWH[��%DOO�HW�DO����������
$V�PRUH�DFWLYLW\�ZDV�REVHUYHG�EHWZHHQ�WKH�LSVLODWHUDO�
60$� DQG� 0�� WKDQ� EHWZHHQ� WKRVH� UHJLRQV� RQ� WKH�
FRQWUDODWHUDO�VLGH��WKH�LPSOLFDWLRQ�LV�WKDW�WKH�LSVLODWHUDO�
60$�PD\�DOVR�SOD\�D�UROH�LQ�WKH�SURGXFWLRQ�RI�PLUURU�
PRYHPHQWV�� 7KH� LQWHJUDWHG� DSSURDFK� RI�*DOOHD� HW� DO��

�������DGGV� WR� WKH�GLVFRYHULHV�RI�&RKHQ�HW�DO�� �������
DQG� &LQFRWWD� HW� DO�� ������� ������ ������ ������ ZKLOH�
DOVR�VKRZFDVLQJ�WKH�EUHDGWK�RI�KRZ�&00�FDQ�LPSDFW�
WKH�PRWRU�V\VWHP�� 

*HQHWLF�0XWDWLRQV 

7KH� LQWHQWLRQ� RI� WKH� SUHVHQW� UHYLHZ� LV� WR� IRFXV�
SULPDULO\�RQ�WKH�EHKDYLRUDO�ILQGLQJV�DQG�FRQVHTXHQFHV�
RI� &00�� DQG� DOWKRXJK� ZH� ZRUN� ZLWK� FOLQLFDO�
JHQHWLFLVWV�� ZH� RXUVHOYHV� DUH� QRW� JHQHWLFLVWV�� +HQFH�
RXU� WUHDWPHQW� �EHORZ�� RI� JHQHWLFV� DQG� QHXURDQDWRP\�
ZLOO� EH� EULHIHU� WKDQ� RXU� WUHDWPHQW� RI� WKH�
QHXURGHYHORSPHQWDO� FRUUHODWHV� RI�&00� �FI��0pQHUHW�
HW� DO�� >����@� DQG� 0DUVK� HW� DO�� >����@� IRU� PRUH�
FRPSOHWH� WUHDWPHQWV� RI� WKH� JHQHWLFV� WR� GDWH��� $V� D�
TXLFN� RYHUYLHZ� RI� WKH� JHQHWLFV� ILQGLQJV�� DW� SUHVHQW��
FDXVDWLYH� YDULDQWV� LQ� WKUHH� GLIIHUHQW� JHQHV� ZLWK�
DXWRVRPDO�GRPLQDQW�LQKHULWDQFH�KDYH�EHHQ�GLVFRYHUHG��
'&&� �6URXU� HW� DO��� ������� 5$'��� �'HSLHQQH� HW� DO���
������� DQG� 171�� �0pQHUHW� HW� DO��� ������� RQO\� RQH�
FRS\�RI�WKH�JHQH�ZRXOG�EH�QHFHVVDU\�IRU�WKH�FRQGLWLRQ�
WR� PDQLIHVW� LQ� DQ� RIIVSULQJ�� $� PXWDWLRQ� LQ� '1$/���
WKRXJKW� WR� FDXVH� DQ� DXWRVRPDO� UHFHVVLYH� IRUP� RI� WKH�
GLVRUGHU��KDV�DOVR�EHHQ�UHSRUWHG��$KPHG�HW�DO����������
DXWRVRPDO�UHFHVVLYH�PHDQV�WKDW�WZR�FRSLHV�RI�WKH�JHQH�
ZRXOG�EH�QHHGHG�WR�PDQLIHVW�WKH�FRQGLWLRQ�LQ�WKH�FKLOG�
RI� DQ� DIIHFWHG� LQGLYLGXDO� RU� JHQHWLF� FDUULHU�� 2WKHU�
FDXVDO� PXWDWLRQV� DUH� OLNHO\� WR� H[LVW�� JLYHQ� WKDW� D�
QXPEHU� RI� DIIHFWHG� SHRSOH� GR� QRW� KDYH�PXWDWLRQV� LQ�
WKH�NQRZQ�FDXVDWLYH�JHQHV��)DVDQR�HW�DO���������)UDQ]�
HW�DO���������0pQHUHW�HW�DO���������������� 

,QWHUHVWLQJO\�� '&&�� 5$'���� DQG� 171�� DOO� DUH�
OLQNHG�ZLWK�QHWULQ-��VLJQDOLQJ��ZKLFK�KDV�DQ�LPSRUWDQW�
UROH�GXULQJ�HDUO\�QHUYRXV�V\VWHP�GHYHORSPHQW��1HWULQ-
��LV�QRWDEOH�IRU�SOD\LQJ�D�SDUW�LQ�D[RQ�JXLGDQFH�DFURVV�
WKH�ERG\¶V�PLGOLQH��WKHUHE\�OD\LQJ�WKH�IRXQGDWLRQV�IRU�
WKH� VWURQJ� FRQWUDODWHUDO� FRQQHFWLYLW\� EHWZHHQ� WKH�
EUDLQ¶V� KHPLVSKHUHV� DQG� WKH� QHUYHV� UXQQLQJ�
WKURXJKRXW� WKH� ERG\� LQ� WKH� QRUPDO� QHUYRXV� V\VWHP�
�6HUDILQL� HW� DO��� ������� 6URXU� HW� DO�� ������� VWXGLHG�
PHPEHUV� RI� D� )UHQFK-&DQDGLDQ� IDPLO\� DQG� DQ�
XQUHODWHG�,UDQLDQ�IDPLO\�ZLWK�&00��*HQHWLF�DQDO\VLV�
UHYHDOHG� D� IUDPHVKLIW� PXWDWLRQ� RI� JHQH� '&&� DQG� D�
WUXQFDWHG�'&&�SURWHLQ��$V� D� UHVXOW� RI� WUXQFDWLRQ�� WKH�
DELOLW\� RI� '&&� WR� ELQG� WR� WKH� SURWHLQ� QHWULQ-�� LV�
OLPLWHG��6URXU�HW�DO����������7KLV�UHGXFWLRQ�LQ�QHWULQ-��
ELQGLQJ� LV� UHOHYDQW� EHFDXVH� RI� WKH� SURWHLQ¶V� UROH� LQ�
DWWUDFWLQJ� RU� UHSXOVLQJ� D[RQ� SRSXODWLRQV� GXULQJ�
GHYHORSPHQW��.HLQR-0DVX�HW�DO���������6HUDILQL�HW�DO���
������� 7KH� ODFN� RI� QHWULQ-�� DYDLODELOLW\� LV� WKRXJKW� WR�
EH�UHVSRQVLEOH�IRU�DOWHULQJ�KRZ�WKH�FRUWLFRVSLQDO�WUDFWV�
IRUP� LQ� &00� FDVHV�� HLWKHU� EHFDXVH� RI� SURWHLQ�
LQVWDELOLW\�RU�LPSDLUPHQWV�LQ�WKH�VHFUHWLRQ�RI�QHWULQ-���
7KLV� ILQGLQJ� FDPH� WR� OLJKW� DIWHU� VWXG\LQJ� &00�
IDPLOLHV�ZKR�KDYH�D�PXWDWLRQ�LQ�171��� WKH�JHQH�WKDW�
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VSHFLILFDOO\�FRGHV�IRU�WKH�QHWULQ-��SURWHLQ��0pQHUHW�HW�
DO����������� 

:LWK�UHVSHFW�WR�GLVFRYHULHV�RI�5$'����'HSLHQQH�HW�
DO�� ������� VWXGLHG� D� )UHQFK� IDPLO\� ZLWK� LQFRPSOHWH�
SHQHWUDQFH� RI� &00� FRQVLVWHQW� ZLWK� DXWRVRPDO�
GRPLQDQW� KHULWDELOLW\� DQG� GLVFRYHUHG� D� QRQVHQVH�
PXWDWLRQ�RI�5$'����7KH�UHVHDUFKHUV�DOVR�LGHQWLILHG�D�
IUDPHVKLIW� PXWDWLRQ� RI� 5$'��� LQ� D� IDPLO\� IURP�
*HUPDQ\��%RWK�PXWDWLRQV�UHVXOW�LQ�KDSORLQVXIILFLHQF\�
RI� 5$'���� PHDQLQJ� WKDW� WKHUH� LV� OHVV-WKDQ-QRUPDO�
DYDLODELOLW\� RI� WKH� SURWHLQ� DQG�� FRQVHTXHQWO\�� WKH�
IXQFWLRQDOLW\� RI� FHOOV� WKDW� UHO\� RQ� 5$'��� PD\� EH�
DIIHFWHG��'HSLHQQH� HW� DO�� ������� SURSRVHG� WKDW�&00�
PLJKW� RFFXU� LQ� SHRSOH� ZKRVH� IXQFWLRQDO� 5$'��� LV�
ORZHU� WKDQ�VRPH�FULWLFDO� OHYHO�GXULQJ�GHYHORSPHQW�RI�
WKH�QHUYRXV�V\VWHP��FI��)UDQ]�HW�DO��������IRU�GHWDLOV�RI�
DQRWKHU� PXOWLJHQHUDWLRQDO� IDPLO\� ZLWK� D� 5$'���
PLVVHQVH�PXWDWLRQ�� 

,Q� DQ� DWWHPSW� WR� EHWWHU� XQGHUVWDQG� SRVVLEOH�
IXQFWLRQDO� UROHV� RI� 5$'���� 'HSLHQQH� HW� DO�� �������
VWXGLHG� WKH� H[SUHVVLRQ� RI� 5$'��� GXULQJ� WKH�
GHYHORSPHQW� RI� WKH� PRXVH� FRUWH[�� :KHQ� WKH� PLFH�
ZHUH�WZR�GD\V�ROG��5$'���FRXOG�EH�REVHUYHG�ZLWKLQ�
WKH� FRUWLFRVSLQDO� D[RQV�RI� WKH�S\UDPLGDO�GHFXVVDWLRQ��
ZKLFK� VXJJHVWV� LWV� LQYROYHPHQW� LQ� WKH� GHFXVVDWLRQ�
SURFHVV��L�H���WKH�FURVVLQJ�RI�PRVW�FRUWLFRVSLQDO�D[RQV�
IURP�RQH�VLGH�RI�WKH�EUDLQ� WR�WKH�RSSRVLWH�VLGH�RI� WKH�
ERG\���&RQVHTXHQWO\�� GHILFLHQF\� RI� WKH� SURWHLQ� FRXOG�
FUHDWH� D� VLWXDWLRQ� LQ� ZKLFK� UREXVW� LSVLODWHUDO�
FRUWLFRVSLQDO�WUDFWV�PLJKW�GHYHORS��)XUWKHU�ILQGLQJV�RI�
*OHQGLQLQJ� HW� DO�� �������� DOVR� XVLQJ� D�PRXVH�PRGHO��
VXJJHVWHG�D�QRYHO�IXQFWLRQ�RI�5$'���OLQNHG�WR�QHWULQ-
�� VLJQDOLQJ�� 6SHFLILFDOO\�� WKH� ILQGLQJV� LPSOLFDWHG�
5$'��� DV� D� QHJDWLYH� UHJXODWRU� RI� QHWULQ-�-LQGXFHG�
D[RQDO�EUDQFKLQJ��7KXV�� WKH�PXWDWHG� IRUP�RI�5$'���
LV�OLPLWHG�LQ�LWV�DELOLW\�WR�UHJXODWH�WKH�HIIHFWV�RI�QHWULQ-
��RQ�QHXULWRJHQHVLV��L�H��� WKH�SURMHFWLRQ�RI�DQ�D[RQ�RU�
GHQGULWHV�IURP�WKH�FHOO�ERG\�RI�D�QHXURQ��� 

$OWKRXJK�PRVW�RI�WKH�JHQHWLF�UHVHDUFK�LQYHVWLJDWLQJ�
WKH�EDVLV�RI�&00�KDV�IRFXVHG�RQ�WKH�LQKHULWHG�IRUP��
VWXGLHV� KDYH� DOVR� H[DPLQHG� VSRUDGLF� FDVHV��
SDUWLFXODUO\�WR�FRUURERUDWH�IDPLOLDO�FDVHV��,Q�RQH�RI�WKH�
ODUJHVW�JHQHWLF�VWXGLHV�RI�&00��0pQHUHW�HW�DO���������
PDQDJHG� WR� LGHQWLI\� QXPHURXV� QRYHO� PXWDWLRQV� RI�
HLWKHU�'&&� RU�5$'��� LQ�PDQ\�� EXW� QRW� DOO�� RI� WKHLU�
SDUWLFLSDQWV�� VXJJHVWLQJ� WKDW� DGGLWLRQDO� FDXVDO� JHQHV�
OLNHO\�H[LVW��2QO\�PXWDWLRQV�WKDW�FDXVH�'&&�RU�5$'���
WUXQFDWLRQ� KDG� EHHQ� LVRODWHG� LQ� IDPLOLHV� ZLWK� &00�
�'HSLHQQH� HW� DO��� ������ 6URXU� HW� DO��� ������ ZKHQ�
0pQHUHW� HW� DO�� ������� FRQGXFWHG� WKHLU� UHVHDUFK�� EXW�
PRVW� RI� WKH� PXWDWLRQV� LQ� WKH� VWXG\¶V� VSRUDGLF� FDVHV�
ZHUH�PLVVHQVH�YDULDQWV��OHDGLQJ�WKH�DXWKRUV�WR�VXJJHVW�
WKDW� PXWDWLRQ� W\SH� FRXOG� LPSDFW� WKH� SHQHWUDQFH� RI�
&00� LQKHULWDQFH� �L�H��� WKH� OLNHOLKRRG� WKDW� WKH�

FRQGLWLRQ� ZLOO� DFWXDOO\� PDQLIHVW� LQ� LQGLYLGXDOV� ZKR�
FDUU\�WKH�PXWDWHG�JHQHV��� 

&00�UHVXOWLQJ�IURP�'&&�PXWDWLRQV�LV�WKRXJKW�WR�
KDYH�D�SHQHWUDQFH�UDWH�RI������0DUVK�HW�DO���������DQG�
WKH� UDWH� FRXOG� EH� DV� KLJK� DV� ���� LQ� WKH� )UHQFK� DQG�
*HUPDQ�IDPLOLHV�ZLWK�5$'���PXWDWLRQV��'HSLHQQH�HW�
DO��� ������� 0pQHUHW� HW� DO�� ������� SURSRVHG� WKDW� WKH�
DSSDUHQWO\�VSRUDGLF�FDVHV�RI�&00�OLQNHG�WR�PLVVHQVH�
YDULDQWV� PD\� DFWXDOO\� UHIOHFW� LQKHULWDQFH� DW� D� ORZHU�
SHQHWUDQFH� UDWH� WKDQ� LV� DVVRFLDWHG� ZLWK� PXWDWLRQV�
FDXVLQJ� JHQH� WUXQFDWLRQ�� 7KLV� LV� EHFDXVH� PXWDWHG�
SURWHLQV� PD\� VWLOO� EH� H[SUHVVHG� ZKHQ� PLVVHQVH�
YDULDQWV� RFFXU�� 7KH� UHVHDUFKHUV� SURYLGHG� WKH�
DOWHUQDWLYH� H[SODQDWLRQ� WKDW� PLVVHQVH� YDULDQWV� DUH�
UHVSRQVLEOH� IRU� DIIHFWLQJ� VXVFHSWLELOLW\� WR� &00�� EXW�
WKDW� HQYLURQPHQWDO� IDFWRUV� GHWHUPLQH� LI� WKH� FRQGLWLRQ�
GHYHORSV� 

*HQRW\SH-3KHQRW\SH�9DULDELOLW\ 

7R� GHWHUPLQH� LI� GLIIHUHQFHV� LQ� WKH� SKHQRW\SLF�
H[SUHVVLRQ� RI� &00� DUH� SUHVHQW� �L�H��� KRZ� WKH�
FRQGLWLRQ� SK\VLFDOO\� PDQLIHVWV� LQ� WKH� KDQGV� DQG�
SRVVLEO\� HOVHZKHUH� DURXQG� WKH� ERG\��� )UDQ]� HW� DO��
������� UHFUXLWHG� ILYH� IDPLOLHV� ZLWK� &00-DIIHFWHG�
LQGLYLGXDOV��$�5$'���PXWDWLRQ� DQG�D�'&&�PXWDWLRQ�
ZHUH� HDFK� LGHQWLILHG� LQ� GLIIHUHQW� IDPLOLHV�� EXW� VRPH�
DIIHFWHG� LQGLYLGXDOV� LQ� WKH� VWXG\� ZHUH� QHJDWLYH� IRU�
'&&��5$'����DQG�'1$/��PXWDWLRQV��7KH�UHVHDUFKHUV�
DQDO\]HG� WKH� &00� PLUURULQJ� SKHQRW\SH� LQ� GHWDLO�
XVLQJ�LQ-KRXVH�DFFHOHURPHWHU�JORYHV��'H[WHULW\�2WDJR�
�'H[WHU2��D�QHZO\�GHYHORSHG�SDFNDJH�FRQVLVWLQJ�RI�D�
GHYLFH�DQG�VRIWZDUH�WKDW�LV�DEOH�WR�WUDFN�VXEWOH�PLFUR-
PRYHPHQWV� GXULQJ� WDVNV� SHUIRUPHG� E\� WKH� KDQGV���$�
VWDQGDUG� WDSSLQJ� WDVN� LQ�ZKLFK�SDUWLFLSDQWV�DUH�DVNHG�
WR�WDS�XQLPDQXDOO\�WKURXJK�WLPH�����VHFRQGV�SHU�WULDO��
ZDV� XVHG� IRU� WKH� &00� SKHQRW\SLQJ�� %DVHG� RQ�
PHDVXUHV�RI�WKH�LQGH[�ILQJHUV��WZR�W\SHV�RI�PLUURULQJ�
ZHUH� IRXQG��RQH�UHIHUUHG� WR�DV�³DFWXDO´�� LQ�ZKLFK� WKH�
PLUURULQJ�ZDV� RI� D� VPRRWK� DQG� FRQWLQXRXV� IRUP� WKDW�
VWURQJO\� UHVHPEOHG� WKH� LQWHQWLRQDO�PRYHPHQWV� RI� WKH�
QRQ-PLUURU� KDQG�� WKH� RWKHU� UHIHUUHG� WR� DV�
³IUDFWLRQDWHG´�� LQ� ZKLFK� WKH� PLUURULQJ� ZDV� RI� D�
IUDJPHQWHG� IRUP��ZLWKRXW� SUHFLVH� UHVHPEODQFH� WR� WKH�
LQWHQWLRQDO� KDQG¶V� PRYHPHQWV� �)UDQ]� HW� DO��� �������
$OWKRXJK� VDPSOH� VL]HV� ZHUH� WRR� VPDOO� WR� UHOLDEO\�
DVVHVV� SRVVLEOH� JHQRW\SH-SKHQRW\SH� FRUUHODWLRQV��
DFWXDO�PLUURULQJ� FKDUDFWHUL]HG� DIIHFWHG� LQGLYLGXDOV� LQ�
WKH� 5$'��-&00� IDPLO\�� ZKHUHDV� IUDFWLRQDWHG�
FKDUDFWHUL]HG� LQGLYLGXDOV� LQ� WKH� '&&-&00� IDPLO\�
�)UDQ]�HW�DO����������)XUWKHUPRUH��WKHUH�ZHUH�QRW�FOHDU�
OHIW-ULJKW� DV\PPHWULHV� DFURVV� WKH� VDPSOH� LQ� WHUPV� RI�
WKH�H[WHQW�RI�PLUURULQJ�IRXQG� LQ�DIIHFWHG�PHPEHUV�RI�
WKH�IDPLOLHV�WHVWHG��EXW�ODUJHU�VDPSOH�VL]HV�VKRXOG�VKHG�
LPSRUWDQW� OLJKW� RQ� WKDW� LVVXH�� $QRWKHU� SRWHQWLDOO\�
UHYHDOLQJ� ILQGLQJ� RI� )UDQ]� HW� DO�� ������� LV� WKDW� LQ� D�
VPDOO�SRUWLRQ�RI�WKH�VDPSOH�RI�LQGLYLGXDOV�ZLWK�&00��
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WKH� PLUURULQJ� FRXOG� QRW� EH� GHWHFWHG� RQ� WKH� EDVLV� RI�
YLVXDO� LQVSHFWLRQ� EXW�ZDV� GHWHFWHG� E\�'H[WHU2�� 7KLV�
LV��RI�FRXUVH��KLJKO\�UHOHYDQW�WR�FOLQLFDO�GLDJQRVLV��DV�LW�
PLJKW� DVVLVW� LQ� WKH� GHWHFWLRQ� RI� &00� �LQ� VXVSHFWHG�
FDVHV� LQFOXGLQJ� IDPLOLDO� UHODWLYHV� ZLWK� WKH� YLVXDOO\-
XQREVHUYDEOH� SKHQRW\SH��� 'H[WHU2� LV� LQH[SHQVLYH��
HDVLO\� WUDQVSRUWDEOH�� DQG� UHODWLYHO\� VWUDLJKWIRUZDUG� WR�
DSSO\�� 7KH� XVH� RI� WKLV� GHWHFWLRQ� WHFKQLTXH�� DQG� WKH�
VXEVHTXHQW� LGHQWLILFDWLRQ� RI� ODUJHU� VDPSOH� VL]HV� ZLWK�
&00�� FRXOG� LPSURYH� HVWLPDWHV� RI� WKH� SHQHWUDQFH� RI�
WKH� LQKHULWHG� YHUVLRQ� RI� WKH� FRQGLWLRQ� DQG� RI� WKH�
RYHUDOO�SUHYDOHQFH�RI�&00�� 

3KHQRW\SLF�GLIIHUHQFHV� LQ� WHUPV�RI�JHQGHU�DQG� WKH�
SHQHWUDQFH�RI�&00�KDYH�EHHQ�SURSRVHG�WR�H[LVW��EXW�
DJDLQ�� ODUJH� HQRXJK� VDPSOHV� KDYH� QRW� EHHQ� WHVWHG� WR�
SHUIRUP� FRQFOXVLYH� WHVWV�� &00� OLQNHG� WR� '&&�
PXWDWLRQV� ZDV� PRUH� SUHYDOHQW� DPRQJ� PHQ� LQ� WKH�
VWXGLHV� RI� 6URXU� HW� DO�� ������� ������ DQG�0DUVK� HW� DO��
�������� ,Q� FRQWUDVW�� RQO\� WKH� IHPDOH� PHPEHUV� RI� DQ�
,WDOLDQ�IDPLO\�ZHUH� LGHQWLILHG�E\�)DVDQR�HW�DO�� �������
WR� KDYH� &00�� DQG� DOO� ZHUH� QHJDWLYH� IRU� PXWDWLRQV�
LQYROYLQJ�'&&�RU�5$'����1RWDEO\��WKH�,WDOLDQ�IDPLO\�
H[SHULHQFHG�KLJKHU�UDWHV�RI�PLUURULQJ�LQ�WKHLU�IHHW�DQG�
WRHV�WKDQ�KDG�EHHQ�UHSRUWHG�LQ�DQRWKHU�IDPLO\��6URXU�HW�
DO���������DQG�WKH�LQGLYLGXDOV�W\SLFDOO\�IDLOHG�WR�QRWLFH�
WKHLU�PLUURU�PRYHPHQWV��7KH�RQO\�H[FHSWLRQV�ZHUH�WKH�
WZR� ROGHVW� IHPDOHV�� WKHLU� PLUURULQJ� ZDV� VHYHUH�� EXW�
WKH\� DWWULEXWHG� WKHLU� XQLQWHQWLRQDO� DFWLRQV� WR�
FOXPVLQHVV��8QOLNH�LQ�RWKHU�UHSRUWV��ZKLFK�VXJJHVW�WKDW�
PLUURULQJ� GRHV� QRW� FKDQJH� ZLWK� DJH�� PRUH� H[WUHPH�
PLUURULQJ� ZDV� IRXQG� LQ� WKH� ROGHVW� PHPEHUV� RI� WKH�
VDPSOH� RI� )DVDQR� HW� DO�� �������� 7KLV� DJDLQ� EHJV� WKH�
TXHVWLRQ� RI� ZKHWKHU� GLIIHUHQW� PLUURULQJ� SKHQRW\SHV�
H[LVW�� JLYHQ� WKDW� DJH-GHSHQGHQW� HIIHFWV� KDYH� QRW�
SUHYLRXVO\� EHHQ� REVHUYHG� �*DOOHD� HW� DO��� �������
2YHUDOO��WKH�ILQGLQJV�RI�)DVDQR�HW�DO���������VKRZFDVH�
KRZ� GLYHUVHO\� &00� FDQ� PDQLIHVW� �HYHQ� ZLWKLQ� WKH�
VDPH�IDPLO\��LQ�WHUPV�RI�KRZ�VWURQJO\�LQGLYLGXDOV�DUH�
DIIHFWHG�E\�WKH�FRQGLWLRQ�DQG�LQ�ZKDW�VHFRQGDU\�PRWRU�
V\VWHPV� WKH�PLUURULQJ� RFFXUV� �LQ� DGGLWLRQ� WR� SULPDU\�
PLUURULQJ�LQ�WKH�KDQGV�ILQJHUV��� 

6RPDWRVHQVRU\�,UUHJXODULWLHV 

:KDW�OLWWOH�DWWHQWLRQ�WKH�VRPDWRVHQVRU\�V\VWHP�KDV�
UHFHLYHG� LQ� WKH� FRQWH[W� RI� QRQ-V\QGURPLF� &00�
UHVHDUFK� KDV� UHYHDOHG� QR� FOHDU� HYLGHQFH� RI� VHQVRU\-
UHODWHG� GHYHORSPHQWDO� DQRPDOLHV�� 6FKRWW� DQG� :\NH�
������� VWXGLHG� VHYHQ� LQGLYLGXDOV� ZLWK� PLUURU�
PRYHPHQWV�� WZR� ZLWK� &00� �L�H��� RQH� LQKHULWHG� DQG�
RQH�VSRUDGLF��DQG�ILYH�ZKRVH�PLUURULQJ�ZDV�DVVRFLDWHG�
ZLWK� DQ� DOWHUQDWLYH� GLVRUGHU� �H�J���8VKHU
V� V\QGURPH���
6HQVRU\� UHVSRQVHV� LQ� WKH� KDQGV� ZHUH� DVVHVVHG� DQG�
IRXQG� WR�EH�QRUPDO��ZLWK� WKH� H[FHSWLRQ�RI�RQH� UHSRUW�
RI�DQ�LQGLYLGXDO�ZLWK�DSSDUHQW�LPSDLUPHQWV�LQ�SRVWXUDO�
VHQVH� RI� WKH� ILQJHUV� ZKHQ� WKH\� ZHUH� PRYHG� E\� WKH�
H[SHULPHQWHU� LQ� GLIIHUHQW� GLUHFWLRQV�� 8SRQ� IXUWKHU�

LQVSHFWLRQ��KRZHYHU�� WKH�SURSULRFHSWLYH�DEQRUPDOLWLHV�
H[SHULHQFHG�E\�WKDW�LQGLYLGXDO�FRXOG�KDYH�EHHQ�GXH�WR�
D� FUDQLR-FHUYLFDO� DQRPDO\� WKDW�ZDV� WKRXJKW� WR� EH� WKH�
FDXVH�RI�WKH�PLUURULQJ��6FKRWW�	�:\NH��������� 

7R� PHDVXUH� VRPDWRVHQVRU\� HYRNHG� SRWHQWLDOV�
�6(3V���WKH�PHGLDQ�QHUYHV�LQ�WKH�ZULVWV�RI�WZR�SHRSOH�
ZLWK� &00�ZHUH� HOHFWULFDOO\� VWLPXODWHG� E\� &RKHQ� HW�
DO����������7KDW�VWXG\�IRXQG�QR�VLJQLILFDQW�GLIIHUHQFHV�
LQ� 6(3V� EHWZHHQ� WKRVH� ZLWK� &00� DQG� FRQWUROV��
&LQFRWWD�HW�DO�� �������FRQGXFWHG�D�VLPLODU�H[SHULPHQW�
ZLWK� RQH� LQGLYLGXDO� ZKR� KDG� QRQ-V\QGURPLF� &00��
$V�LQ�&RKHQ�HW�DO����������6(3V�ZHUH�FRQWUDODWHUDO�WR�
WKH�VWLPXODWHG�QHUYH�DQG�RI�W\SLFDO�ODWHQF\��OHDGLQJ�WKH�
UHVHDUFKHUV�WR�FRQFOXGH�WKDW�&00�GRHV�QRW�FDXVH�WKH�
VRPDWRVHQVRU\� DIIHUHQW� SDWKZD\V� WR� GHYHORS� RU�
IXQFWLRQ�DEQRUPDOO\��&LQFRWWD�HW�DO����������&DSDGD\��
)RUJHW��)UDVHU��DQG�/DPDUUH��������DOVR�VWLPXODWHG�WKH�
PHGLDQ� QHUYH� �+� UHIOH[�� DQG� LQGH[� ILQJHU� �FXWDQHRXV�
UHIOH[�� RI� WKUHH� SHRSOH� ZLWK� QRQ-V\QGURPLF� &00��
QRQH�RI�ZKRP�FODLPHG�WR�KDYH�SHUFHLYHG�VHQVDWLRQV�LQ�
WKH� KDQG� FRQWUDODWHUDO� WR� WKH� VWLPXODWLRQ�� 7KDW� VWXG\�
IRXQG� FRQWUDODWHUDO� 6(3V�� DV� LQ� WKH� SUHYLRXV� VWXGLHV��
LQGLFDWLYH�RI�QRUPDO�VHQVRU\�IXQFWLRQ��� 

$QHFGRWHV� VXJJHVWLYH� RI� VRPDWRVHQVRU\�
DEQRUPDOLWLHV� KDYH� DSSHDUHG� LQ� WKH� &00� UHVHDUFK�
OLWHUDWXUH�� EXW� WKH\� KDYH� JDUQHUHG� OLWWOH� DWWHQWLRQ�� ,Q�
������D�VWXG\�E\�+��'ULQNZDWHU��FLWHG�LQ�3UDWW��������
IHDWXUHG�D�\RXQJ�ER\�ZLWK�&00��SHUKDSV�WKH�HDUOLHVW�
GRFXPHQWHG� FDVH�� ,Q� DGGLWLRQ� WR� WKH� V\QFKURQL]HG�
ELPDQXDO� PRYHPHQWV� W\SLFDO� RI� &00�� LW� ZDV� DOVR�
UHSRUWHG� WKDW� WKH� FKLOG� SHUFHLYHG� VRPH� XQLODWHUDO�
VHQVDWLRQV� DV� EHLQJ� ELODWHUDO�� +RZHYHU�� 3UDWW� �������
TXHVWLRQHG� WKH� DXWKHQWLFLW\� RI� WKH� ER\¶V� FODLP��
*XWWPDQQ��0DFOD\�� DQG� 6WRNHV� ������� GRFXPHQWHG� D�
IDPLO\� LQ� ZKLFK� VRPH� PHPEHUV� UHSRUWHGO\�
H[SHULHQFHG� SDVVLYH� PLUURULQJ� �L�H��� ZKHQ� PLUURU�
PRYHPHQWV�DUH�LQLWLDWHG�E\�DQ�RXWVLGH�IRUFH�DFWLQJ�RQ�
RQO\� RQH� KDQG� RI� DQ� DIIHFWHG� LQGLYLGXDO�� WKDW�ZDV� RI�
OHVVHU�DPSOLWXGH�DQG�VOLJKWO\�GHOD\HG�LQ�FRPSDULVRQ�WR�
WKH�PRYHPHQWV�FDXVHG�E\�WKH�UHVHDUFKHUV��(YHQ�PRUH�
XQLTXHO\�� RQH� PDQ¶V� SDVVLYH� PRYHPHQWV� ZHUH�
REVHUYHG� WR� EH� SDUDOOHO�� UDWKHU� WKDQ� PLUURUHG�� XQGHU�
VRPH� FRQGLWLRQV�� )RU� H[DPSOH�� ZKHQ� WKH� UHVHDUFKHUV�
VXSLQDWHG�RQH�KDQG��WKH�RWKHU�PLJKW�SURQDWH�LQVWHDG�RI�
VXSLQDWH�� 7KDW� HIIHFW� FRXOG� EH� SURGXFHG� E\� HLWKHU�
SK\VLFDO� RU� HOHFWULFDO� VWLPXODWLRQ�� %DVHG� RQ� WKHLU�
REVHUYDWLRQV�� WKH� UHVHDUFKHUV� SRVWXODWHG� WKDW� SDVVLYH�
DQG� DFWLYH�PLUURULQJ�ZHUH� OLNHO\� FDXVHG� E\� WKH� VDPH�
QHUYRXV� V\VWHP� SDWKZD\V�� 5HSRUWV� E\� 6FKRWW� DQG�
:\NH��������������DERXW�DQ�XQUHODWHG�FDVH�RI�&00�
LQ� DQ� RWKHUZLVH� QRUPDO� WHHQDJH� ER\� ZKR� DOVR�
H[SHULHQFHG�SDVVLYH�DQG�SDUDOOHO�PLUURULQJ�DGG�IXUWKHU�
FXULRVLW\�DERXW�WKH�SRWHQWLDO�RI�&00�WR�LQIOXHQFH�WKH�
VRPDWRVHQVRU\�V\VWHP�� 
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7KH� K\SRWKHVLV� WKDW� WKH� VRPDWRVHQVRU\� V\VWHP� LV�
DIIHFWHG�LQ�VRPH�ZD\�E\�&00��HYHQ�WR�D�VXEFOLQLFDO�
GHJUHH�� LV� LQ� RXU� YLHZ� VWLOO� RSHQ� WR� ULJRURXV�
LQYHVWLJDWLRQ�� ,I� DVSHFWV� RI� SURSULRFHSWLRQ�� KDSWLF�
SHUFHSWLRQ�� DQG�RU� RWKHU� IHDWXUHV� UHODWHG� WR� VHQVH� RI�
WRXFK� DUH� LQ� DQ\� ZD\� DOWHUHG� LQ� SHRSOH� ZLWK� &00��
WKHVH� DEQRUPDOLWLHV� KDYH� HLWKHU� JRQH� XQQRWLFHG� RU�
KDYH� EHHQ� GLVUHJDUGHG� LQ� WKH� UHVHDUFK� OLWHUDWXUH� WKXV�
IDU�� 'LVFRYHULQJ� KRZ� DQG� ZK\� WKH� VRPDWRVHQVRU\�
V\VWHP� LV� LPSDFWHG� LQ� FDVHV� RI� &00� �LI� VR�� ZRXOG�
OLNHO\� LQIRUP� RQ� WKH� SK\VLFDO� PDQLIHVWDWLRQV� RI� WKH�
FRQGLWLRQ�DQG�SHUKDSV�VXEWOH�VRPDWRVHQVRU\�IXQFWLRQV�� 

/LYLQJ�ZLWK�&RQJHQLWDO�0LUURU�0RYHPHQWV 

,Q� VRPH� LQGLYLGXDOV� ZLWK� &00�� WKH� SUHVHQFH� RI�
PLUURULQJ� KDV� EHHQ� QRWHG� E\� D� SDUHQW�� FDUHWDNHU�� RU�
SURIHVVLRQDO�� E\� WKH� WLPH� WKH� LQGLYLGXDO� KDV� UHDFKHG�
RQH� \HDU� RI� DJH� �$KPHG� HW� DO��� ������ &RKHQ� HW� DO���
������)DVDQR�HW�DO���������6URXU�HW�DO����������&RKHQ�HW�
DO���������UHSRUWHG�RQ�DQ�DGXOW�PDOH�ZLWK�&00�ZKRVH�
ELODWHUDOO\� V\QFKURQL]HG� OLPE� PRYHPHQWV� SUHYHQWHG�
KLP� IURP� FUDZOLQJ� DQG� GHOD\HG� OHDUQLQJ� WR� ZDON�
EHFDXVH� RI� EDODQFH� LVVXHV�� $Q� DGXOW� ZRPDQ� ZLWK�
PLUURU� PRYHPHQWV� ZDV� DOVR� VWXGLHG� E\� &RKHQ� HW� DO��
�������� 6KH� ZDV� WKRXJKW� WR� KDYH� GHOD\HG� PRWRU�
GHYHORSPHQW� DV� D� FKLOG� EHFDXVH� RI� WKH� GLIILFXOWLHV�
FDXVHG� E\� KHU�PLUURU�PRYHPHQWV��$OWKRXJK�&00� LV�
W\SLFDOO\� FRQVLGHUHG� D� VWDEOH� FRQGLWLRQ� DFURVV� WKH�
OLIHVSDQ� �L�H��� WKH� VHYHULW\� RI� WKH� PLUURU� PRYHPHQWV�
GRHV�QRW�FKDQJH�ZLWK�WLPH��*DOOHD�HW�DO���������6FKRWW�
	�:\NH�� ������ )DVDQR� HW� DO��� ������� PLUURULQJ� PD\�
EHFRPH� PRUH� REYLRXV� DV� HDUO\� GHYHORSPHQW�
SURJUHVVHV��GXH�WR�DQ�LQFUHDVHG�GHSHQGHQFH�RQ�VNLOOHG�
ELPDQXDO� DFWLRQV�� SDUWLFXODUO\� WKRVH� UHTXLULQJ� VWURQJ�
JUDVSV�DQG�ILQH�PRWRU�FRQWURO��H�J���EXWWRQLQJ�D�VKLUW���
(YLGHQFH� RI� D� VWUXJJOH� ZLWK� ELPDQXDO� DFWLRQV� PLJKW�
PDNH� WKH� PLUURULQJ� VHHP� PRUH� QRWLFHDEOH� DQG�
GLVUXSWLYH�RYHU�WLPH��&RKHQ�HW�DO��������� 

$OWKRXJK�WKH�PDMRULW\�RI�SHRSOH�LQ�RXU�RZQ�&00�
FRKRUW�KDYH�VXJJHVWHG�WKDW� WKH�PLUURULQJ�LV�RI�QR�UHDO�
FRQVHTXHQFH� WR� WKHLU� KDSSLQHVV� RU� DELOLW\� WR� DFKLHYH�
VXFFHVV� LQ� ZRUN� DQG� IDPLO\� OLIH�� D� QXPEHU� KDYH�
FRPPHQWHG� RQ� WKH� FKDOOHQJHV� WKDW� WKH� PLUURULQJ� FDQ�
SRVH�� 7KLV� LV� SDUWLFXODUO\� WKH� FDVH�ZLWK� OHDUQLQJ� QHZ�
VNLOOV� XVLQJ� KDQGV�� VXFK� DV� W\SLQJ�� SOD\LQJ� D�PXVLFDO�
LQVWUXPHQW�� DQG� HYHQ� W\LQJ� VKRHV� �IRU� WKRVH� ZKR�
UHPHPEHU� OHDUQLQJ� WKDW� VNLOO�� DV� WKH� PDMRULW\� RI� RXU�
FRKRUW� KDV� LQWHUDFWHG� ZLWK� XV� RQO\� GXULQJ� WKHLU� DGXOW�
OLYHV���7KH�PDQ�ZLWK�&00�IHDWXUHG�LQ�&RKHQ�HW�DO�
V�
������� VWXG\� UHSRUWHGO\� FRXOG� QRW� JR� XS� D� ODGGHU��
VWUXJJOHG�ZLWK� OHDUQLQJ� WKH� JXLWDU�� DQG� FRXOG� QRW� UXQ�
XQWLO� KLJK� VFKRRO� GXH� WR� WKH� FKDOOHQJH� RI� DOWHUQDWLQJ�
VZLQJV� RI� KLV� DUPV�� $V� D� VWXGHQW� LQ�PHGLFDO� VFKRRO��
SHUIRUPLQJ� SHUFXVVLRQ� GXULQJ� SK\VLFDO� H[DPLQDWLRQV�
�L�H��� KDYLQJ� WR� WDS� ERG\� SDUWV� ZLWK� WKH� ILQJHUV�� ZDV�
VDLG� WR�EH�D�KXUGOH�DQG��RQH� FDQ�DVVXPH��PLJKW�KDYH�

LQWHUIHUHG�ZLWK�KLV�DELOLW\�WR�DGHTXDWHO\�GR�KLV�MRE�ODWHU�
RQ�� 

$V� IRU� WKH� ZRPDQ� ZLWK� &00� LQ� WKH� VWXG\� RI�
&RKHQ� HW� DO�� �������� HYHQ� VLPSOH� DFWLRQV�� VXFK� DV�
RSHQLQJ�DQG�FORVLQJ�RQH�KDQG�RU�WDSSLQJ�D�NQHH��FRXOG�
EH�HQRXJK�WR�LQGXFH�PLUURU�PRYHPHQWV��$OWKRXJK�VKH�
KDG�QR�LVVXHV�ZLWK�VZLPPLQJ�XVLQJ�WKH�EUHDVWVWURNH��LW�
WRRN� KHU� IRXU� \HDUV� WR� OHDUQ� WKH� FUDZO� EHFDXVH� VKH�
DSSDUHQWO\� VWUXJJOHG� ZLWK� PRYLQJ� HDFK� DUP�
LQGHSHQGHQWO\�� /LNH� PDQ\� RWKHU� LQGLYLGXDOV� ZLWK�
&00�� KHU� PLUURU� PRYHPHQWV� DOVR� LQWHUIHUHG� ZKHQ�
WU\LQJ� WR� ZULWH� RU� W\SH� �&LQFRWWD� HW� DO��� ������ ������
&RKHQ�HW�DO���������� 

:KLOH� VRPH� SHRSOH� ZLWK� &00� UHSRUWHGO\�
H[SHULHQFH�QR�VRFLDO�RU�IXQFWLRQDO�LPSDLUPHQWV�GXH�WR�
WKHLU�FRQGLWLRQ��RWKHU�WKDQ�SHUKDSV�FOXPVLQHVV��)DVDQR�
HW� DO��� ������� RWKHUV� IDFH� SDLQ� �&LQFRWWD� HW� DO��� �������
HPEDUUDVVPHQW� �6FKRWW� 	�:\NH�� ������ 6URXU� HW� DO���
�������RU�SRWHQWLDO�OLPLWDWLRQV�LQ�WKHLU�FDUHHU�SURVSHFWV�
�6FKRWW� 	� :\NH�� ������� $� \RXQJ� JLUO� FODLPHG� WKDW�
WU\LQJ� WR� FRQWURO� KHU� PLUURU� PRYHPHQWV� FDXVHG� KHU�
SDLQ� LQ� WKH� PXVFOHV� LQ� KHU� OHIW� VKRXOGHU� ZKHQ� VKH�
ZURWH�XVLQJ�KHU�ULJKW�KDQG��&LQFRWWD�HW�DO���������DQG�
RWKHUV�KDYH�DOVR�PDGH�PHQWLRQ�RI�VXFK�SDLQ�DVVRFLDWHG�
ZLWK� ZULWLQJ� �)UDQ]� HW� DO��� ������� $� WHHQDJH� ER\�
PHQWLRQHG�EHLQJ�KLJKO\�VHOI-FRQVFLRXV�DW�VFKRRO�ZKHQ�
KH�PLUURUHG�ZKLOH�ZULWLQJ��DQG�WKHUH�ZDV�VRPH�ZRUU\�
RYHU� KLV� DELOLW\� WR� EHFRPH� D� GLDPRQG� FXWWHU� LQ� WKH�
IXWXUH��:KHQ�VWUHVVHG�DQG�DQ[LRXV��DQ�DGXOW�PDOH�ZLWK�
LQKHULWHG� &00� VWDWHG� WKDW� KLV� PLUURULQJ� VHHPHG� WR�
EHFRPH� HQKDQFHG�� +RZHYHU�� KH� VWLOO� FODLPHG� WKDW��
RYHUDOO�� WKH� PLUURU� PRYHPHQWV� GLG� QRW� QHJDWLYHO\�
LPSDFW�KLV�GDLO\�DFWLYLWLHV��6FKRWW�	�:\NH�������� 

,QWHUYHQWLRQV 

$OWKRXJK� PLUURULQJ� FDQ� PDNH� SHUIRUPLQJ�
XQLPDQXDO� DQG� ELPDQXDO� WDVNV� HVSHFLDOO\� GLIILFXOW��
VRPH�SHRSOH�ZLWK�&00�DUH�DEOH�WR�RYHUFRPH�FHUWDLQ�
ELPDQXDO�KXUGOHV�LI�WKH\�HQJDJH�LQ�FRQFHQWUDWHG�HIIRUW�
DQG� SUDFWLFH� RI� WKRVH� VNLOOV�� )UDQ]� ������� PDGH�
PHQWLRQ�RI�WZR�LQGLYLGXDOV�ZLWKLQ�D�&00�IDPLO\��RQH�
RI� ZKRP� FRXOG� ULGH� D� PRWRUF\FOH� HYHQ� WKRXJK�
VHSDUDWH�KDQG�PRYHPHQWV�DUH�QHFHVVDU\�WR�RSHUDWH�WKH�
WKURWWOH� DQG� WKH� EUDNH�� 7KH� RWKHU� ZDV� WDOHQWHG� DW�
SOD\LQJ� D� WZHOYH-VWULQJ� JXLWDU�� D� IHDW� WKDW� ZRXOG� EH�
LPSUHVVLYH�HYHQ�ZLWKRXW�WKH�PLUURU�PRYHPHQWV��6URXU�
HW�DO���������SRLQWHG�RXW�WKDW�&00�KDV�QRW�SUHYHQWHG�
WZR� PHPEHUV� RI� D� )UHQFK-&DQDGLDQ� IDPLO\� IURP�
EHFRPLQJ� DQ� HOHFWULFLDQ� DQG� D� VHFUHWDU\�� SURIHVVLRQV�
WKDW� ERWK� UHTXLUH� GH[WHURXV� VNLOOV� RI� WKH� KDQGV� DQG�
ILQJHUV��&OHDUO\��KDYLQJ�&00�GRHV�QRW�JXDUDQWHH�WKDW�
DQ� LQGLYLGXDO� ZLOO� EH� KHOG� EDFN� IURP� VXFFHVVIXOO\�
SXUVXLQJ�WKHLU�ZDQWV�LQ�OLIH��DQG�WKH�WDOHQWHG�VDPSOH�RI�
SHRSOH�ZH�ZRUN�ZLWK�IXUWKHU�HPSKDVL]HV�WKDW�IDFW��� 
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*$5'1(5�	�)5$1= 

 :KLOH�&00�LV�ODUJHO\�WROHUDWHG�E\�WKH�LQGLYLGXDOV�
ZKR�KDYH�LW��WKDW�LQ�QR�ZD\�QHJDWHV�WKH�QHHG�WR�IXUWKHU�
H[SORUH� WKH� PRUH� SUDFWLFDO� FRQVHTXHQFHV� RI� WKH�
FRQGLWLRQ�� ,I� FKLOGUHQ� ZKR� H[SHULHQFH� PLUURULQJ� DUH�
HPEDUUDVVHG� E\� WKHLU� LQYROXQWDU\� PRYHPHQWV�� WKH\�
PD\�EH� WHDVHG�DW�VFKRRO�RU�RWKHUZLVH� IDLO� WR� WKULYH� LQ�
VRPH�ZD\��ZKLFK�PD\�KDYH�ORQJ-WHUP�LPSOLFDWLRQV�IRU�
WKHLU�SHUVRQDO�DQG�HGXFDWLRQDO�DFKLHYHPHQW��7KH�VDPH�
FRXOG� EH� VDLG� IRU� DGXOWV� LQ� WKH� ZRUNSODFH� DQG� WKHLU�
SRWHQWLDO�IRU�XSZDUG�PRELOLW\��DVVXPLQJ�WKH\�DUH�HYHQ�
DEOH� WR� SXUVXH� WKHLU� GHVLUHG� FDUHHUV� JLYHQ� WKH�
LQWHUIHUHQFH� RI� PLUURU� PRYHPHQWV� LQ� WKHLU� KDQGV��
7KHUH�LV�DOVR�WKH�LVVXH�RI�HYHU\GD\�KLQGUDQFHV��VXFK�DV�
WKH� SRVVLEOH� GLIILFXOW\� RI� HQJDJLQJ� LQ� UHFUHDWLRQDO�
DFWLYLWLHV� OLNH� SOD\LQJ� LQVWUXPHQWV� RU� SDUWLFLSDWLQJ� LQ�
VSRUWV�� 6WUXJJOLQJ� ZLWK� DQ� DFW� DV� FRPPRQSODFH� DV�
W\SLQJ� RQ� D� FRPSXWHU� NH\ERDUG� PD\� KDYH� UDWKHU�
VHYHUH�VRFLDO�FRQVHTXHQFHV� LQ� WKLV�PRGHUQ�HUD��ZKLFK�
DJDLQ�SRLQWV�WR�WKH�QHHG�WR�GHYHORS�DFFXUDWH�GLDJQRVHV�
DQG�IXUWKHU�VHHN�VROXWLRQV�IRU�WKRVH�ZLWK�&00�� 

,Q�WHUPV�RI�PDQDJLQJ�&00��VRPH�LQGLYLGXDOV�ZLWK�
&00� UHSRUWHG� D� SHUFHLYHG� DELOLW\� WR� H[HUFLVH� D�
PHDVXUH� RI� FRQWURO� RYHU� WKHLU� PLUURULQJ� �6FKRWW� 	�
:\NH�� ������ 6URXU� HW� DO��� ������ DQG� D� FRXSOH� RI�
PHWKRGV�IRU�WUDLQLQJ�WR�RYHUFRPH�PLUURULQJ�KDYH�EHHQ�
HQFRXUDJLQJ�� )RU� H[DPSOH�� 6FKRWW� DQG� :\NH� �������
ZRUNHG� ZLWK� DQ� LQGLYLGXDO� ZLWK� &00� E\� FROOHFWLQJ�
(0*�ELRIHHGEDFN�IURP�KLV�IRUHDUP�H[WHQVRU�PXVFOHV�
DQG� SOD\LQJ� WRQHV� DORQJVLGH� D� YLVXDO� GLVSOD\� RI� D�
FDOLEUDWHG� PHWHU� WR� LQGLFDWH� ZKHQ� PXVFXODU� DFWLYLW\�
RFFXUUHG�LQ�WKH�PLUURULQJ�DUP��$IWHU�WUDLQLQJ�ZLWK�WKH�
DXGLWRU\�DQG�YLVXDO�IHHGEDFN�IRU�VHVVLRQV�ODVWLQJ�XS�WR�
WZHQW\�PLQXWHV��PLUURULQJ�FRXOG�EH�VXSSUHVVHG�LQ�ERWK�
KDQGV�IRU�D�IHZ�PLQXWHV��EXW�WKH�VXSSUHVVLRQ�ZDV�QRW�
SHUPDQHQW� RU� HYHQ� ORQJ-ODVWLQJ�� 7KH� \RXQJ� JLUO�
IHDWXUHG� LQ� WKH� VWXG\� RI� &LQFRWWD� HW� DO�� �������� ZKR�
VXIIHUHG� IURP� VKRXOGHU� SDLQ� ZKLOH� ZULWLQJ�� ZHQW�
WKURXJK� VHYHQ�PRQWKV� RI� UHKDELOLWDWLYH� WUDLQLQJ� LQ� DQ�
DWWHPSW� WR� SURGXFH� XQLODWHUDO� ILQJHU� PRYHPHQWV�� )RU�
ILIWHHQ� WR� WZHQW\� PLQXWHV� SHU� GD\�� VKH� SHUIRUPHG�
V\PPHWULFDO�ILQJHU�PRYHPHQWV��WKHQ�QRQ-V\PPHWULFDO�
ILQJHU� PRYHPHQWV� WKDW� ZHUH� GHVLJQHG� WR� LQFUHDVH� LQ�
GLIILFXOW\�RYHU�WLPH��DQG�ODVWO\��VKH�HQJDJHG�LQ�PHQWDO�
LPDJHU\� RI� KHU� ILQJHU� PRYHPHQWV� RFFXUULQJ�
XQLODWHUDOO\�� $IWHU� FRPSOHWLQJ� DOO� RI� WKH� WUDLQLQJ�� VKH�
PLUURUHG� OHVV� IUHTXHQWO\� ZKLOH� PDNLQJ� XQLODWHUDO�
ILQJHU� PRYHPHQWV�� ,Q� DGGLWLRQ�� WKH� SDLQIXO� PXVFOH�
FRQWUDFWLRQV� QR� ORQJHU� DIIHFWHG� KHU� OHIW� VKRXOGHU��
+RZHYHU��KHU�DEGXFWRU�SROOLFLV�EUHYLV�PXVFOHV��ZKLFK�
ZHUH�QRW� LQFOXGHG� LQ� WKH� WUDLQLQJ��ZHUH�XQFKDQJHG� LQ�
WKHLU� PLUURULQJ� IUHTXHQF\�� $V� VXJJHVWHG� E\� WKRVH�
UHVXOWV�� UHKDELOLWDWLYH� WUDLQLQJ� FDQ� EH� KHOSIXO�� EXW� WKH�
HIIHFWV� GR� QRW� DSSHDU� WR� JHQHUDOL]H� WR� XQWUDLQHG�
PXVFOHV��8QIRUWXQDWHO\��ZKHWKHU�WKH�EHQHILWV�SHUVLVWHG�
DIWHU� WUDLQLQJ� FHDVHG� LV� XQNQRZQ� �&LQFRWWD� HW� DO���
�������)XUWKHU�H[SORUDWLRQ�E\�WKH�UHVHDUFK�FRPPXQLW\�
RI� ERWK� ELRIHHGEDFN� DQG� UHKDELOLWDWLYH� WUDLQLQJ� DV�

SRVVLEOH�PHWKRGV� RI� &00�PDQDJHPHQW� FRXOG� SURYH�
EHQHILFLDO�� EXW�� JLYHQ� WKH� ODFN� RI� NQRZOHGJH� DERXW�
ORQJ-WHUP� SRWHQWLDO�� ZH� FDXWLRQ� WKDW� QHLWKHU� PHWKRG�
VKRXOG�EH�YLHZHG�DV�D�ZD\�RI�WUHDWLQJ�RU�UHYHUVLQJ�WKH�
FRQGLWLRQ� 

)XWXUH�6WXGLHV 

$V�GLVFXVVHG�HDUOLHU��(0*�ELRIHHGEDFN� �6FKRWW�	�
:\NH�� ������ DQG� UHKDELOLWDWLRQ� WUDLQLQJ� RI� WKH� GLVWDO�
XSSHU�OLPE�PXVFOHV��&LQFRWWD�HW�DO���������KDYH�VKRZQ�
PRGHUDWH� VXFFHVV� LQ� UHGXFLQJ� WKH� LQFLGHQFH� RI�
PLUURULQJ� LQ� WKH� LPPHGLDWH�VKRUW-WHUP�� EXW� WKHUH� LV� D�
ODFN� RI� IROORZ-XS� VWXGLHV�� 7KH� PLUURULQJ� FRPPXQLW\�
PLJKW� EHQHILW� IURP� DQ� LQFUHDVHG� DZDUHQHVV� RI� WKH�
FRQGLWLRQ� DQG�PRVW� SHRSOH�ZH� KDYH�ZRUNHG�ZLWK� DUH�
HDJHU�WR�OHDUQ�PRUH�DERXW�WKH�SRVVLEOH�PDQDJHPHQW�RI�
&00�� EXW� DFFHVV� WR� SHRSOH� ZLWK� &00� IRU�
H[SHULPHQWDO� SXUSRVHV� FDQ� EH� H[WUHPHO\� OLPLWHG��
+RZHYHU�� UHVHDUFKHUV� PD\� EH� DEOH� WR� LQYHVWLJDWH�
LQYROXQWDU\�PRYHPHQW�FRQWURO�E\�ZRUNLQJ�ZLWK�\RXQJ�
FKLOGUHQ� ZKR� GLVSOD\� DVVRFLDWHG� �L�H��� H[WUDQHRXV��
PRYHPHQWV� RI� RQH� SDUW� RI� WKH� ERG\� ZKLOH� H[HUWLQJ�
HIIRUW� ZLWK� WKH� KRPRORJRXV� PXVFOHV� RI� WKH� RSSRVLWH�
VLGH��H�J��� D� WZLWFK�RI� WKH� ULJKW�H\HOLG�ZKLOH� WU\LQJ� WR�
ZLQN�ZLWK� WKH� OHIW��� D�PLQRU�DQG�FRPPRQSODFH�HIIHFW�
WKDW� GHFOLQHV� ZLWK� DJH� DQG� PD\� EH� VXJJHVWLYH� RI�
QHUYRXV�V\VWHP�PDWXULW\��&RQQROO\�	�6WUDWWRQ���������
3HUKDSV�VWXG\LQJ�WKH�PDQQHU�LQ�ZKLFK�WKHLU�QDWXUDOO\-
RFFXUULQJ� PLUURULQJ� FKDQJHV� WKURXJK� GHYHORSPHQW��
DQG� WHVWLQJ� PHWKRGV� WR� DFWLYHO\� GHFUHDVH� WKH�
SUHYDOHQFH�RI�LW��ZLOO�LQIRUP�RQ�SRWHQWLDO�VWUDWHJLHV�IRU�
VXSSUHVVLQJ� DEQRUPDO� IRUPV� RI� PLUURULQJ� VXFK� DV�
&00��/D]DUXV�DQG�7RGRU��������VWXGLHG�\RXQJ�ER\V�
ZLWK� DVVRFLDWHG� PRYHPHQWV� DQG� GHPRQVWUDWHG� WKDW�
DXGLR� IHHGEDFN� FRXOG� VLJQLILFDQWO\� UHGXFH� WKH�
LQFLGHQFH�RI�WKH�PRYHPHQWV�LQ�WKH�FKLOGUHQV¶�KDQGV�E\�
VLPSO\�XVLQJ�D�WRQH�WR�FDOO�DWWHQWLRQ�WR�WKH�KDQG�WKDW�LV�
PHDQW� WR� UHPDLQ� VWDWLRQDU\� �VKRXOG� DQ\� XQLQWHQWLRQDO�
PXVFXODU� DFWLYLW\� RFFXU��� (YHQ� DIWHU� WKH� WRQHV� ZHUH�
UHPRYHG�� IHZHU� DVVRFLDWHG� KDQG� PRYHPHQWV� ZHUH�
REVHUYHG�� ,I� WKRVH� PHWKRGV� FRXOG� EH� H[SDQGHG� DQG�
HYDOXDWHG� IRU� WKHLU� ORQJ-WHUP� SRWHQWLDO�� WKH\� FRXOG�
SURYH�KHOSIXO�WR�LQGLYLGXDOV�ZKR�KDYH�&00��SHUKDSV�
PRUH� LI� VXFK� SHRSOH�ZHUH� WR� EHJLQ� IHHGEDFN� WUDLQLQJ�
ZKLOH� VWLOO� \RXQJ�� &OHDUO\�� OHDUQLQJ� DQG� DWWHQWLRQ� DUH�
YLDEOH�LQWHUYHQWLRQ�RSWLRQV�IRU�UHGXFLQJ�QRQ-YROLWLRQDO�
PRYHPHQWV�� 

$� PRUH� ZLGHVSUHDG� XVH� RI� REMHFWLYH� DQG�
TXDQWLILDEOH�PHDVXUHV��VXFK�DV�WKRVH�EDVHG�RQ�WKH�XVH�
RI� DFFHOHURPHWHU� JORYHV� �)UDQ]� HW� DO��� ������� PLJKW�
DVVLVW� LQ� WKH� HDUOLHVW� SRVVLEOH� LGHQWLILFDWLRQ� RI�
PLUURULQJ�LQ�LQGLYLGXDOV��7KDW�PLJKW�SDYH�WKH�ZD\�IRU�
WKH�GHYHORSPHQW�RI�LQWHUYHQWLRQV�DLPHG�DW�PLQLPL]LQJ�
LQWHUIHULQJ� PRYHPHQWV�� ZKLFK� FRXOG� WKHQ� EH�
LQWURGXFHG� ZKHQ� WKH� DIIHFWHG� LQGLYLGXDOV� DUH� \RXQJ�
DQG� KDYH� QHUYRXV� V\VWHPV� WKDW� DUH� VWLOO� KLJKO\�
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PDOOHDEOH�� :H� KDYH� QR� GRXEW� WKDW� WKH�
PXOWLGLVFLSOLQDU\� VFRSH� RI� SUHVHQW� LQYHVWLJDWLRQV� ZLOO�
FRQWLQXH�WR�SURJUHVV�DQG�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�
RI�&00�DQG�PHWKRGV�WR�DSSURDFK�PDQDJHPHQW�RI�WKH�
FRQGLWLRQ� 

&RQFOXVLRQ 

 $V� D� FRQGLWLRQ�� &00� LV� IDU� IURP� EHLQJ� ZHOO�
XQGHUVWRRG��+RZHYHU��JUHDW�VWULGHV�KDYH�EHHQ�PDGH�LQ�
UHFHQW� GHFDGHV� WR� H[SDQG� WKH� NQRZOHGJH� EDVH� IRU� LWV�
XQGHUVWDQGLQJ� E\� UHVHDUFKHUV�� GLDJQRVWLFLDQV��
FOLQLFLDQV�� DQG� PRVW� LPSRUWDQWO\�� WKH� SHRSOH� ZKR�
H[SHULHQFH� PLUURU� PRYHPHQWV� HYHU\� GD\�� 7KH� UDQJH��
RI� VXEWOH� FHQWUDO� QHUYRXV� V\VWHP� LUUHJXODULWLHV�
DWWULEXWDEOH�WR�&00�KDV�EHHQ�WKRURXJKO\�GRFXPHQWHG�
DV� LQFOXGLQJ� WKH� LSVLODWHUDO� FRUWLFRVSLQDO� WUDFWV� �H�J���
&RKHQ� HW� DO��� ������� FRQQHFWLRQV� EHWZHHQ� SULPDU\�
PRWRU� FRUWLFHV� �H�J��� &LQFRWWD� HW� DO��� ������� DQG�
FLUFXLWU\�RI� WKH� VXSSOHPHQWDU\�PRWRU�DUHDV� �*DOOHD�HW�
DO����������EXW�PRUH�FHUWDLQO\�UHPDLQV�WR�EH�XQFRYHUHG��
DQG�WKH�VRPDWRVHQVRU\�V\VWHP�RIIHUV�QHDUO\�XQWURGGHQ�
JURXQG��6LQFH�������PXWDWLRQV�LQ�IRXU�GLIIHUHQW�JHQHV�
KDYH� EHHQ� LVRODWHG� DQG� VXJJHVWHG� WR� OHDG� WR� WKH�
GHYHORSPHQW�RI�&00��$KPHG�HW�DO���������'HSLHQQH�
HW�DO���������0pQHUHW�HW�DO���������6URXU�HW�DO����������
RSHQLQJ� WKH�GRRU�WR�QXPHURXV�RWKHU�TXHVWLRQV�UHODWHG�
WR� ZKHWKHU� VSHFLILF� JHQRW\SHV� DUH� UHODWHG� WR� GLVWLQFW�
SKHQRW\SHV� �)UDQ]� HW� DO��� ������� ,I� WKHUH� DUH� LQGHHG�
GLVWLQFW� SKHQRW\SHV�� FOLQLFLDQV� FRXOG� JDLQ� IURP� QRW�
RQO\�EHLQJ�PRUH�FRJQL]DQW�RI�WKH�FRQGLWLRQ�LQ�JHQHUDO��
EXW� DOVR� IURP� NQRZLQJ� ZKLFK� VLJQV� WR� ORRN� IRU�
DFFRUGLQJ� WR� SKHQRW\SHV�� 7KH� GHYHORSPHQW� RI� EHWWHU�
GLDJQRVWLF� WRROV�� VXFK� DV�'H[WHU2�� WKH� DFFHOHURPHWHU�
JORYHV� XVHG� E\� )UDQ]� HW� DO�� �������� FRXOG� EH� RI�
DGGLWLRQDO� DLG� WRZDUG� WKDW� DLP�� 3HUKDSV� ZLWK� JUHDWHU�
XQGHUVWDQGLQJ� RI� KRZ� HDFK� LQGLYLGXDO� ZLWK� &00� LV�
XQLTXHO\�DIIHFWHG�E\�KDYLQJ�WKH�FRQGLWLRQ��QHZ�&00�
PDQDJHPHQW� VWUDWHJLHV� PLJKW� EH� GHVLJQHG�� DQG�
H[LVWLQJ� RQHV� LPSURYHG�� WR� DOORZ� IRU� EURDGHU�
DSSOLFDWLRQ� DQG� HIIHFWLYHQHVV� EH\RQG� WKH� VKRUW-WHUP�
�&LQFRWWD�HW�DO���������6FKRWW�	�:\NH���������&00�LV�
UHODWLYHO\� UDUH�� DQG� WKHUHIRUH� WKH� FRPPXQLW\� ZLWK�
&00�LV�VPDOO��EXW�WKH�LPSUHVVLYH�UHVLOLHQFH�GLVSOD\HG�
E\� SHRSOH� ZLWK� &00� DQG� WKHLU� JHQHURVLW\� DQG�
RSHQQHVV� WR� SDUWLFLSDWH� DQG� OHDUQ� DERXW� UHVHDUFK�� LV�
LQVSLULQJ��:H�KRSH�WKDW�WKHLU�SDWLHQFH�ZLOO�FRQWLQXH�WR�
EH�UHZDUGHG�� 

5HIHUHQFHV 

$KPHG�� ,���0LWWDO��.���6KHLNK��7�� ,���9DVOL��1���5DILT��
0�� $��� 0LNKDLORY�� $��� �� �� �� $\XE�� 0�� ��������
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DFWLYDWLRQ� LQ� D� SDWLHQW� ZLWK� FRQJHQLWDO� PLUURU�
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�������� &RQJHQLWDO� PLUURU� PRYHPHQWV�� $EQRUPDO�
RUJDQL]DWLRQ� RI� PRWRU� SDWKZD\V� LQ� WZR� SDWLHQWV��
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��������0LUURU�PRYHPHQWV�VWXGLHG�LQ�D�SDWLHQW�ZLWK�
.OLSSHO-)HLO�V\QGURPH��7KH�-RXUQDO�RI�3K\VLRORJ\��
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KWWSV���GRL�RUJ���������6����-�������������-;� 
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GRL�RUJ���������VFLHQFH��������� 

 
 

5HFHLYHG�-DQXDU\���������� 
5HYLVLRQ�UHFHLYHG�-XQH��������� 

$FFHSWHG�-XQH����������Ŷ 


