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3DUDVLWLF� JDVWURHQWHULWLV� LV� HFRQRPLFDOO\� WKH�
PRVW� LPSRUWDQW� GLVHDVH� RI� JUD]LQJ� DQLPDOV��
ZKLFK�LV�PDLQO\�FRQWUROOHG��GXULQJ�ODVW�ILYH�GHF�
DGHV�� E\� DGHTXDWH� RUJDQL]DWLRQ� RI� JUD]LQJ� DQG�
DQWKHOPLQWLFV�XVDJH��*UD]LQJ�PDQDJHPHQW� V\V�
WHPV� DUH� PDLQO\� LPSUDFWLFDO� DQG� H[SHQVLYH��
ZKLOVW�WKH�IUHTXHQW�XVH�RI�DQWKHOPLQWLFV�KDV�OHG�
WR� SUREOHPV� UHODWHG� WR� LQFUHDVHG� UHVLVWDQFH� RI�
SDUDVLWHV� WR� DQWLSDUDVLWLF� GUXJV�� HVSHFLDOO\� LQ�
\RXQJ�UXPLQDQWV��9iUDG\�HW�DO����������$SSHDU�
DQFH� RI� UHVLVWDQFH� ZDV� REVHUYHG� DPRQJ� WKH�
ZRUOG�LQ�DOO�WKUHH�EURDG�VSHFWUXP�DQWKHOPLQWLFV�
± QLFRWLQLF� DQWKHOPLQWLFV� �LPLGD]RWKLD]ROH� DQG
WHWUDK\GURS\ULPLGLQH��� EHQ]LPLGD]ROHV� DQG
PDFUROLGHV� ODFWRQHV�� WKDW� DUH� XVHG� LQ� VKHHS
EUHHGLQJ�IRU�VXSSUHVVLRQ�RI�LQIHFWLRQV�FDXVH�E\
VWURQJ\ORLGLDVLV� �&ROHV� HW� DO��� �����
9LG\DVKDQNDU�HW�DO���������6DOJDGR�DQG�6DQWRV�
������� 'HFUHDVHG� HIILFLHQF\� RI� DQWKHOPLQWLFV
FRPELQHG�ZLWK�DWWHPSW�WR�UHGXFH�FKHPLFDO�XVDJH
LQ�SURGXFWLRQ�V\VWHPV�KDYH�VWLPXODWHG�VHDUFK�IRU
DOWHUQDWLYH� DQG� VXVWDLQDEOH� RSWLRQV� IRU� SDUDVLWH
FRQWURO�DQG�KDYH�UHVXOWHG�LQ�DSSHDUDQFH�RI�QHZ
FODVVHV� RI� DQWKHOPLQWLFV� RQ� PDUNHW� �DPLQR�
DFHWRQLWULOH� GHULYDWH� DQG� VSLURLQGROHV�
�0F0DQXV�DW�DO���������

'HYHORSPHQW�RI�UHVLVWDQW�KHOPLQWK�VWUDLQV�LV�
DQ� HYROXWLRQDU\� FKDUDFWHULVWLF� EDVHG� RQ� LQWUD�
SRSXODWLRQ�VHOHFWLRQ�RI�WKRVH�SDUDVLWHV�WKDW�FDUU\�
DOOHOHV� UHVSRQVLEOH� IRU� UHVLVWDQFH� RQ� FKHPLFDO�
FRPSRQHQWV� IURP� GUXJ�� /RQJ�ODVWLQJ� XVDJH� RI�
WKH�VDPH�DQWLSDUDVLWLF�GUXJ��RU�DJHQWV�WKDW�KDYH�
VLPLODU�PHFKDQLVP�RI�GUXJ�DFWLRQ��OHDG�WR�WKH�DS�
SHDUDQFH�RI�SDUDVLWH�UHVLVWDQFH�RQ�GUXJ��2QFH�HV�
WDEOLVKHG�� UHVLVWDQFH� PD\� ODVW� VHYHUDO� \HDUV�
�-DFNVRQ�DQG�&RRS���������RU�GLVDSSHDU�DV�D�UH�
VXOW�RI�VHOHFWLRQ�DQG�JHQHWLF�GULIW��ZKLFK�DFW�LQ�D�
ZD\� WR� EULQJ� EDFN� VHQVLELOLW\� LQ� SRSXODWLRQ�
�3HWULþHYLü�HW�DO�����������

6LQFH� WKH� SUREOHP� RI� UHVLVWDQFH� LV� YHU\�
DFWXDO��PXFK�HIIRUW�KDYH�EHHQ�PDGH�WR�FRQWURO�LWV�
GHYHORSPHQW� DQG� WR� VORZ�GRZQ� WKH�SURFHVV�E\�
XVLQJ�GLIIHUHQW�DSSURDFKHV���5HVHDUFK�GXULQJ�ODVW�

���\HDUV�LQGLFDWHV� WKDW�WKH�EHVW�ZD\�WR�SURORQJ�
WKH�SURFHVV�RI�VHOHFWLRQ�RI�UHVLVWDQW�JHQHV�LQ�SD�
UDVLWHV�LV�WKH�XVDJH�RI�FRPELQHG�GLIIHUHQW�SUHSD�
UDWLRQV� ±� PL[WXUHV� ZLWK� WZR� RU� PRUH� GLIIHUHQW�
FKHPLFDO� DFWLYH� VXEVWDQFHV�� 7KH� RWKHU� UH�
FRPPHQGDWLRQ�LV�WR�URWDWH�GUXJV�IURP�GLIIHUHQW�
FKHPLFDO� JURXSV� WKDW� KDYH�EHHQ�XVHG� IRU� DYRL�
GLQJ�D�WROHUDQFH��/DORãHYLü�HW�DO����������

2QH�RI�WKH�SRVVLELOLWLHV�WR�LQFUHDVH�GUXJ�HIIL�
FLHQF\�LV�IRRG�GHSULYDWLRQ�EHIRUH�SHURUDO�DSSOL�
FDWLRQ� RI� DQWKHOPLQWLFV�� 7KXV�� WKH� DPRXQW� RI�
IRRG�LV�UHGXFHG�LQ�GLJHVWLYH�WUDFW�DOORZLQJ�PRUH�
WLPH�IRU�DEVRUSWLRQ�DQG�GLVWULEXWLRQ�RI�PHGLFLQDO�
VXEVWDQFHV� �-DFNVRQ� DQG� &RRS�� ������� ,W� LV�
LPSRUWDQW� WR� IRUP� � VKHHS� JURXSV� ZLWK� VLPLODU�
ERG\�ZHLJKW�DQG�WR�JLYH�HDFK�VKHHS�GRVDJH�WKDW�
LV�VXIILFLHQW�IRU�ODUJHVW�VKHHS�LQ�WKH�JURXS��7KLV�
DSSURDFK�HQVXUHV�WKDW�HDFK�DQLPDO�LQ�WKH�JURXS�
UHFHLYH�VXIILFLHQW�GUXJ�GRVDJH��VLQFH�VXEGRVLQJ�
RI�DQLPDOV�LV�WKH�PRVW�KDUPIXO��/DORãHYLü�HW�DO���
��������

7KH�WHUP�UHVLOLHQFH�DSSHDUV�LQ�PDQ\�GLIIHUHQW�
UHVHDUFK�VWXGLHV��DOWKRXJK� LWV�GHILQLWLRQ�GLIIHUV��
$FFRUGLQJ�WR�'RHVFKO�:LOVRQ�HW�DO����������UHVL�
OLHQFH�LV�FDSDELOLW\�RI�DQ�DQLPDO�WR�PDLQWDLQ� �D�
JRRG�FRQGLWLRQ�DQG�XVXDO�OHYHO�RI�DFWLYLW\��ZKLOH�
EHLQJ�LQIHFWHG�E\�SDUDVLWHV��QR�PDWWHU�WKH�OHYHO�
RI� ORDG� FUHDWHG� E\� WKH� SUHVHQW� SDWKRJHQV��
$FFRUGLQJ� WR� VRPH� DXWKRUV�� UHVLOLHQFH� LV�
FRQQHFWHG�WR�FDSDELOLW\�RI�KRVW�DQLPDO�WR�VXUYLYH�
DQG� VWD\� SURGXFWLYH� QR� PDWWHU� WKH� SDUDVLWH�
FKDOOHQJH�LW¶V�H[SRVHG�WR��%LVKRS���������7KHUH�
LV� RQH�PRUH�GHILQLWLRQ� LQ� WKH� OLWHUDWXUH� IRU� WKLV�
WHUP��DFFRUGLQJ�WR�ZKLFK�UHVLOLHQFH�UHSUHVHQWV�D�
ELOLW\� RI� WKH� KRVW� WR� WROHUDWH� H[LVWLQJ� SDUDVLWHV�
ZLWKRXW� VKRZLQJ� DQ\� FOLQLFDO� VLJQV� RI� GLVHDVHV�
�*XQLD�HW�DO����������%LVKRS�DQG�0RUULV��������
GHILQH� UHVLOLHQFH� DV� DELOLW\� RI� WKH� DQLPDOV� WR��������
DGDSW�WR�LQIHFWLRQ�ZLWK�GLIIHUHQW�FDXVHV�RI�SDUD�
VLWLFDO� HWKLRORJ\� IURP� HQYLURQPHQW�� $FFRUGLQJ�
WR�6WRUH\���������UHVLOLDQFH�UHSUHVHQWV�DGDSWDEL�
OLW\� WR� FKDQJHV� DQG� RZQLQJ� FDSDFLW\� IRU�
VXFFHVVIXO� DGDSWDWLRQ�� ZKHQ� IDFLQJ� SDUDVLWLF�
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LQIHFWLRQ��DV�JDLQLQJ�PRUH�DQG�ZLGHU�FRPSHWHQ�
FHV�IRU�VWUHVV�UHDFWLRQ����

6LQFH�UHVLVWHQFH�DQG�UHVLOLHQFH�DUH�KHUHGLWDU\�
FKDUDFWHULVWLFV��DFFXUDWH�DQG�WLPHO\�GHILQLWLRQ�RI�
HDFK�SDUDPHWHU�WKDW�KHOSV�SURFHVV�RI�DQLPDO�EUH�
HGLQJ�VHOHFWLRQ�LV�LPSRUWDQW��VKRZQ�E\�WKHVH�WUD�
LWV��)RU�FRQILUPDWLRQ�RI�DQLPDOV�WKDW�VKRZ�UHVLOL�
DQFH�ZKHQ�IDFLQJ�ZLWK�KHOPLQWK�FKDOOHQJH��RU�LQ�

ZKLFK� SDUDVLWHV� DUH� DQWKHOPLQWLFV� UHVLVWDQW��
FRXQWLQJ�RI�KHOPLQWK�HJJV�QXPEHU�SUHVHQW�LQ�IH�
FHV� RI� H[DPLQHG� DQLPDOV� LV� QHFHVVDUU\� �)(&� ��
)HFDO�(JJ�&RXQW���DV�ZHOO�DV�HVWLPDWLRQ�RI�FOLQL�
FDO�DQHPLD�EDVHG�RQ�HU\WKURF\WH�YROXPHQ�YDOXH�
�SDFNHG�FHOO�YROXPH���3&9��XVLQJ�)$0$&+$�
�)$IID� 0$ODQ� &+$UW�� WHVW� �0DODQ� DQG� 9DQ�
:\N�� ������ DQG� SDUDPHWHUV� UHODWHG� WR� ERG\�
FRQGLWLRQ���6WRUH\���������

',$*1267,&�9$/8(�2)�)(&$/�(**�&2817,1*�
�)(&���)(&$/�(**�&2817��

)RU�DVVHVVPHQW�RI�DQWKHOPLQWLFV�HIILFLHQF\�LQ�
UXPLQDQWV��GHWHFWLRQ�RI�DQWKHOPLQWLFV�UHVLVWDQFH�
DQG� UHVLOLHQFH� SURYLQJ�� :RUOG� $VVRFLDWLRQ� IRU�
WKH� $GYDQFHPHQW� RI� 9HWHULQDU\� 3DUDVLWRORJ\�
�:$$93�� UHFRPPHQGV� 0F0DVWHU� PHWKRG�
�&ROHV�HW�DO���������6WRUH\���������7KDW�LV�VWDQG�
DUG�DQG�PRVW�RIWHQ�XVHG�FRQYHQWLRQDO�PHWKRG�RI�
TXDQWLWDWLYH� FRSURORJLFDO� GLDJQRVWLF� LQ� YHWHUL�
QDU\�SDUDVLWRORJ\��,W�VHUYHV�IRU�GHWHUPLQDWLRQ�RI�
WKH�HQGRSDUDVLWLF� LQIHFWLRQ�GHJUHH�DQG� LV�EDVHG�
RQ�FRXQWLQJ�RI�QXPEHU�RI�SDUDVLWLF�HOHPHQWV�LQ�
IHFDO�ZHLJK�XQLW��(3*���(JJV�3HU�*UDP��23*���
2RF\VWV�3HU�*UDP��&3*���&\VWV�3HU�*UDP�DQG�
/3*���/DUYDH�3HU�*UDP���6HQVLWLYLW\�RI�PHWKRG�
LV�IURP����WR�����SDUDVLWLF�HOHPHQWV�LQ���J�RI�IH�
FHV��3HUHFNLHQH�HW�DO�����������

$SSOLFDWLRQ� RI� WKLV� SURFHGXUH�� XQWLO� QRZ��
KDYH� EHHQ� GHVFULEHG� LQ� ODUJH� DQG� VPDOO� UXPL�
QDQWV��KRUVHV��SLJV��FDQLQHV��ELUGV��UDEELWV��PLFH��
WXUWOHV�� OHPXUV� DQG� KXPDQ� �%RQGDUHQNR� HW� DO���
�������9DGOHMFK�HW�DO���������FRPSDUHG�VHQVLWLY�
LW\� DQG� UHOLDELOLW\� RI� WKUHH�PRGLILHG�0F0DVWHU�
WHFKQLTXHV�ZLWK�WKH�DLP�WR�HVWLPDWH�ZKLFK�PRG�
LILFDWLRQ�LV�PRVW�VXLWDEOH�IRU�URXWLQH�SDUDVLWRORJ�
LFDO�H[DPLQDWLRQV�DQG�GLDJQRVWLF�DVVHVVPHQWV�LQ�
YHWHULQDU\�FOLQLFDO�SUDFWLFH��7DEOH������

,W� ZDV� VKRZQ� WKDW� WKH� FRQFHQWUDWLRQ�
0F0DVWHU� PHWKRG� �5RHSVWRUII� DQG� 1DQVHQ��

������LV�PRVW�VHQVLWLYH�DQG�PRVW�UHOLDEOH�IRU�KHO�
PQLWK� HJJ� GHWHFWLRQ�� 7KLV� PHWKRG� LV� IDVW�� XVH�
ODUJHVW�TXDQWLW\�RI�IHFHV���J���KDYH�ORZ�OLPLW�RI�
GHWHFWLRQ� ���� (3*��� DQG�� WKDQNV� WR� FHQWULIXJD�
WLRQ��IHFDO�VXVSHQVLRQ�LV�FOHDU�HQRXJK�IRU�PLFUR�
VFRS\���

0RGLILFDWLRQ�PDGH�E\�=DMþHN��������VKRXOG�
SURYLGH� EHWWHU� UHVXOWV� GXH� WR� ORZHU� FRUUHFWLRQ�
IDFWRU�� WZR� SURFHGXUHV� RI� FHQWULIXJDWLRQ� DQG�
ORZHVW�GLOXWLRQ�UDWLR��1HYHUWKHOHVV��ORZ�GLOXWLRQ�
UDWLR�FRQVHTXHQWO\�OHDG�WR�SUHVHQFH�RI�ODUJH�DPR�
XQW�RI�LPSXULW\�LQ�H[DPLQHG�VXEVWDQFH��7KLV�PD�
NHV�WKH�SURFHVV�RI�SUHSDUDWLRQ�H[DPLQDWLRQ�VLJ�
QLILFDQWOO\�GLIILFXOW��LQ�ZKLFK�SDUDVLWLF�HOHPHQWV�
PD\�EH�FDPRXIODJHG�RU�ZURQJO\�GHWHFW�DV�IHFDO�
SVHXGRSDUDVLWLFDO�SDUWLFOHV��WKXV�LQFUHDVLQJ�D�XQ�
UHOLDEOHQHVV�RI�WKLV�SURFHGXUH��7KLV�PHWKRG�KDV�
PLGGOH� OLPLW� GHWHFWLRQ� YDOXH� DQG� LV� DSSOLFDEOH�
ZLWK�UHVXOW�DFFXUDF\�RI�����(3*��9DGOHMFK�HW�DO���
��������

7KLUG� FRPSDUDEOH� PHWKRG�� DFFRUGLQJ� WR�
:HW]HO���������LV�WKH�VLPSOHVW�EXW�ZLWK�ZRUVW�UH�
VXOW�� /RZ� VHQVLWLYLW\� DQG� UHOLDELOLW\� RI� WKLV�
PHWKRG�LV�PRVW�SUREDEO\�FDXVHG�E\�KLJK�FRUUHF�
WLRQ� IDFWRU� DQG� DEVHQFH� RI� FHQWULIXJLRQ�� 7KLV�
PHWKRG� KDV� KLJK� OLPLW� RI� GHWHFWLRQ� YDOXH� DQG�
JLYHV�SUHFLVH�UHVXOWV�DW�����(3*��9DGOHMFK�HW�DO���
�������
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7DEOH����&RPSDUDWLYH�SDUDPHWHU�YDOXHV�RI�PRGLILHG�0F0DVWHU�WHFKQLTXHV�
�9DGOHMFK�HW�DO���������

3DUDPHWHUV�
0RGLILHG�0F0DVWHU�WHFKQLTXHV�

:HW]HO�
�������

=DMLþHN�
�������

5RHSVWRUII�DQG�
1DQVHQ��������

7KH�DPRXQW�RI�IHFHV��J�� �� �� ��

7\SH�RI�IORWDWLRQ�VROXWLRQ� 1D&O� 0J62��1D�6�2� 1D&O���JOXFRVH�

6SHFLILF�ZHLJKW�RI�VROXWLRQ� ������ ������ ������

&HQWULIXJDWLRQ��530��� �� ����� �����

&HQWULIXJDWLRQ��5&)��� �� ���� ����

7LPH�RI�FHQWULIXJDWLRQ��PLQ�� �� �� ��

7LPH�RI�IORWDWLRQ�LQ�FKDPEHU��PLQ�� ��� �� ���

1XPEHU�RI�FKDPEHUV�LQ�0F0DVWHU�
REMHFW� �� �� ��

0XOWLSOLFDWLYH��FRUUHFWLYH��IDFWRU� ��� ��� ���

�530���5HYROXWLRQV�3HU�0LQXWH�
�5&)���5HODWLYH�&HQWULIXJDO�)RUFH�

,Q�GLIIHUHQW�UXPLQDQW�VSHFLHV�WKHUH�DUH�FHUWDLQ�
OLPLWV�RI�)(&�SURFHGXUH� WKDW�PD\�VLJQLILFDQWO\�
LPSDFW�WKH�H[SOLFDWLRQ�� LQWHUSUHWDWLRQ�DQG�UHOLD�
ELOLW\�RI� REWDLQHG� UHVXOWV�� � ,Q�DGXOW� FDWWOH� WKRVH�
DUH�����OLPLWHG�GLDJQRVWLF�YDOXH��OLQNHG�WR�LQIHF�
WLRQ� GHJUHH� WKDW� LV� XVXDOO\� QRW� FRUUHODWHG� ZLWK�
KHOPLQWKHV� ORDG�� ��� ORZ� )(&� YDOXHV�� WKDW� UH�
TXLUHV�PRUH�VHQVLWLYH�IORWDWLRQ�WHFKQLTXHV�LQ�FDW�
WOH� WKDQ� LQ� VKHHS�� ��� OLPLWHG� FOLQLFDO� YDOXH� IRU�
1HPDWRGLUXV� VSS��� VLQFH� WKH� PRVW� GDPDJH� LV�
FDXVHG�E\�LPPDWXUH�VWDGLXPV�RI�WKLV�QHPDWRGH�
EHIRUH�VWDUWLQJ�OD\LQJ�HJJV�DQG����FOLQLFDO�IRUP�
RI� SDUDPSKLPDWRVLV�� WKDW� LV� XVXDOO\� FDXVHG� E\�
QXPHURXV�LPPDWXUH�SDUDVLWHV�LQ�PLJUDWLRQ��OHDG�
LQJ� WR�DEVHQFH�RU� ORZ�QXPEHU�RI�HJJV� LQ� IHFHV�
�5ROOLQVRQ����������

,Q� KHPRQFKRVLV� DQG� WULFKRVWURQJLOLGRVLV� RI�
VPDOO�UXPLQDQWV��)(&�LV�LQ�KLJK�FRUUHODWLRQ�ZLWK�
KHOPLQWK�ORDG�RI�DQLPDOV��,Q�WKH�FDVH�RI�SRO\SDU�
DVLWLVPV�� ZKHQ� UHODWLYHO\� KLJK� SURGXFWLRQ� RI�
+� &RQWRUWXV�HJJV�PD\�FDPRXIODJH� ORZHU�SUR�
GXFWLRQ� RI� HJJV� E\� VRPH� RWKHU� VSHFLHV� �7�
FROXEULIRUPLV� DQG� 7�� FLUFXPFLQFWD��� )(&� KDV
OLPLWHG�GLDJQRVWLF�YDOXHV��5RHEHU�HW�DO���������
%HFDXVH�RI�WKDW��RQO\�DSSUR[LPDWH�DVVHVVPHQW�RI
LQIHFWLRQ� LQWHQVLW\� DQG� GHFLVLRQ� ZKHQ� DQLPDOV
VKRXOG�EH�WUHDWHG�FDQ�EH�REWDLQHG�EDVHG�RQ�QXP�
EHUV� RI� HJJV� ODLG� E\� GLIIHUHQW� JDVWURLQWHVWLQDO
QHPDWRGH��*,1��VSHFLHV��7DEOH����
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7DEOH����'HWHUPLQDWLRQ�RI�UDWH�RI�LQIHFWLRQ�ZLWK�*,1�IRU�\RXQJ�DQLPDOV��.DKQ, ������

3DUDVLWH� ,QIHFWLRQ�UDWH��(3*)���(JJV�3HU�*UDP�)HFHV��
/RZ� 0RGHUDWH� +LJK�

&$77/(�
0L[HG�LQIHFWLRQ� ������ ������� �����

+DHPRQFKXV�VSS�� ���� ������� �����
7ULFKRVWURQJ\OXV�VSS�� ������ ������� �����
&RRSHULD�VSS�� ������� �������� ������

6+((3�
0L[HG�LQIHFWLRQ� ������ �������� ������
+DHPRQFKXV�VSS�� �������� ���������� ������

7ULFKRVWURQJ\OXV�VSS�� ������� �������� ������
1HPDWRGLUXV�VSS�� ������ ������� �����

2HVRSKDJRVWRPXP�VSS�� ������� �������� ������

,W� LV�NQRZQ�WKDW�KLJK�HIILFLHQF\�LV�H[SHFWHG�
IURP� DQWLSDUDVLWLFV� RQ� ILHOG�� $QWLHFWRSDUDVLWLFV�
VKRXOG�KDYH�DEVROXWH�HIILFLHQF\��ZKLOH� LW� LV�H[�
SHFWHG�WR�EH�DURXQG�����LQ�DQWKHOPLQWLFV��VLQFH�
LW�LV�IDYRUDEOH�WR�PDLQWDLQ�VPDOO�QXPEHU�RI�SDUD�
VLWV�LQ�WKH�ERG\�DV�D�VWLPXOXV�RI�LPPXQRORJLFDO�

UHVSRQVH�RI�WKH�KRVW��'LPLWULMHYLü���������,Q�JUD�
]LQJ� DQLPDOV� WKHUH� LV� DOZD\V� PL[HG� LQIHFWLRQ�
ZLWK�KLJKHU�QXPEHU�RI�GLIIHUHQW�JDVWURLQWHVWLQDO�
QHPDWRGD�VSHFLHV��6RPH�RI�WKHP�SURYLGH�GHYH�
ORSPHQW�RI� QDWXUDO� LPPXQLW\�� VR� WKDW� LW� FDQ�EH�
GHFLGHG� LI� WUHDWPHQW� RI� DQLPDO� LV� QHFHVVDU\� RQ�
WKH�EDVLV�RI�)(&�UHVXOWV���

7DEOH����,QWHUSUHWDWLRQ�RI�FOLQLFDO�IRUP�DSSHUDQFH�LQ�FDWWOH�EDVHG�RQ�(3*�

�Love and Hutchinson��������

3DUDVLWH�VSHFLHV� (JJ�QXPEHU��J�IHFHV��(3*��

+DHPRQFKXV� ����

7ULFKRVWURQJ\OXV� ���

2VWHUWDJLD� ����

2HVRSKDJRVWRPXP� ����

&RRSHULD� ����

)DVFLROD� ���
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7KLV�LV�YHU\�LPSRUWDQW��VLQFH�LW� LV�QHFHVVDU\�
WR�PDLQWDLQ�EDODQFH�EHWZHHQ�LQGXFHG�LPPXQLW\�
�LWV�GHYHORSPHQW�LV�VWLPXODWHG�E\�VPDOO�QXPEHU�
RI�KHDOPLQWK�LQ�DQLPDO��DQG�SURGXFWLYH�FDSDEL�
OLW\��LWV�GHFUHDVH�LV�DIIHFWHG�E\�WKH�VDPH�QXPEHU�

RI�KHOPLWKV��WKDW�FDXVH�VXEFOLQLFDO�IRUP�RI�GLVH�
DVH���2EWDLQHG�(3*�UHVXOWV�PLJKW�EH�YHU\�XVHIXO�
IRU� LQWHUSUHWDWLRQ�RI�FOLQLFDO� IRUP�RI� VRPH�KHO�
PLQWKRVLV� LQ� ODUJH� DQG� VPDOO� UXPLQDQWV� �7DEOH�
����

',$*1267,&�9$/8(�2)�)(&$/�(**�&2817�5('8&7,21�7(67��)(&57��

)HFDO�(JJ�&RXQW�5HGXFWLRQ�7HVW��)(&57��LV�
HVWDEOLVKHG�LQ�HDUO\���CV��&ROHV�HW�DO���������DQG�
UHSUHVHQWV� D� PHWKRG� RI� FKRLFH� IRU� PRQLWRULQJ�
DQWKHOPLQWLFV�HIILFLHQF\�LQ�UXPLQDQWV��'REVRQ�HW�
DO��� ������� &XUUHQWO\�� LW� LV� WKH� XQLTXH� WHVW� WKDW�
PD\�GHWHFW� UHVLVWDQFH�RI� DOO� W\SHV�RI� QHPDWRGD�
VSHFLHV�LQ�DOO�KRVW�VSHFLHV��0F.HQQD��������DQG�
VHUYH� IRU� FDOFXODWLRQ�RI� HJJ� FRXQW� UHGXFWLRQ� LQ�
IHFHV��E\�FRPSDULQJ�PHDQ�YDOXHV�RI�)(&�EHIRUH�
WUHDWPHQW�DQG�DIWHU�REWDLQHG�WUHDWPHQW��:DQJ�HW�
DO����������

$FFRUGLQJ�WR�:RUOG�$VVRFLDWLRQ�IRU�WKH�$G�
YDQFHPHQW� LQ� 9HWHULQDU\� 3DUDVLWRORJ\�
�:ȺȺ93��� WKHUH�DUH�JXLGHOLQHV�IRU�SHUIRUPLQJ�
DQG� FDOFXODWLQJ� VWDQGDUG� )(&57� �&ROHV� HW� DO���
�������������ZKLFK�DUH�LPSURYHG�E\�UHFRPPHQ�
GDWLRQV�PDGH� E\� /HYHFNH� HW� DO�� �������� ,Q� DF�
FRUGDQFH� ZLWK� WKRVH� JXLGHOLQHV�� UHFRPPHQGD�
WLRQV�DUH��VL]H�RI�VDPSOH������RU�����DQLPDOV�SHU�
JURXS�IRU�WUHDWPHQW��DQG�HDFK�H[FUHWLRQ�DW�OHDVW�
����(3*���)(&�PHWKRG��0F0DVWHU���VWDWLVWLFDO�
DQDO\VLV� �)(&57�EDVHG�Q�DULWKPHWLFDO�PHDQ�RI�
JURXSHG�)(&�DIWHU�GUXJ�DSSOLFDWLRQ��DQG�FULWHULD�
ZKLFK�GHILQH�GHFUHDVHG�GUXJ�HIILFLHQF\��)(&57�
�����RU�)(&57�������UHVLVWDQFH�LV�GHFODUHG�LI�
WKH�IHFDO�HJJ�FRXQW�UHGXFWLRQ�LV�ORZHU�WKDQ������
DQG�WKH�ORZHVW�OLPLW�RI�GUXJ�HIILFLHQF\�LV�ORZHU�
WKDQ�������'REVRQ�HW�DO���������9LG\DVKDQNDU�HW�
DO�����������

)RU�SHUIRUPLQJ� )(&57�� VDPSOH�RI� IDFHV� LV�
FROOHFWHG�EHIRUH�GHKHOPLQWLVDWLRQ�DQG�(3*�YDOXH�
LV�GHWHUPLQHG�LQ�LW��IROORZHG�E\�WUHDWPHQW��6DP�
SOLQJ�RI�IHFHV�LV�UHSHDWHG����GD\V�DIWHU�REWDLQLQJ�
WUHDWPHQW�DQG�YDOXH�RI�(3*�LV�GHWHUPLQHG�DJDLQ��
%\�XVLQJ�VSHFLDO�HTXDWLRQ��SHUFHQWDJH�GHFUHDVH�
RI�HJJV�FRXQW�LQ�IHFHV�LV�FDOFXODWHG�LQGLYLGXDOO\��
7KHUHDIWHU��DYHUDJH�GHFUHDVH�IRU�DOO�WHVW�DQLPDOV�
LV� FDOFXODWHG�� LQ� RUGHU� WR� FDOFXODWH� RYHUDOO� GH�
FUHDVH� IRU� IDUP� RU� KHUG�� 7KLV� YDOXH� LV� VXEVH�
TXHQWO\�XVHG�IRU�REWDLQLQJ�FDOFXODWLRQ�UHODWHG�WR�
H[LVWHQFH�RU�DEVHQFH�RI�GUXJ�UHVLVWDQFH��.DSODQ�
DQG�1LHOVHQ��������� ,I� WKH�GUXJ� LV�HIIHFWLYH��QR�
SDUDVLWH�VKRXOG�VXUYLYH�WUHDWPHQW�ORQJHU�WKDQ�WKH�
WLPH�QHHGHG�IRU�JXW�HPSW\LQJ��XVXDOO\�XS�WR����
KRXUV���7KLV�SHULRG�RI�WLPH�PD\�EH�SURORQJHG�IRU�
DV�PDQ\�GD\V�DV�WHPSRUDU\�VXSSUHVVLRQ�RI�HJJV�
OD\LQJ�ODVWV����GD\V�±�IRU�LPLGD]ROH����GD\V�±�IRU�
EHQ]LPLGD]ROHV�����WR����GD\V�±�IRU�PDFUROLGHV�
ODFWRQHV��� VR� WKDW� HIILFLHQF\� RI� FHUWDLQ� GUXJ�
JURXSV�LV�HVWLPDWHG�RQO\�DIWHU�H[SLUDWLRQ�RI�WKLV�
SHULRG��&ROHV�HW�DO����������

,I�H[DPLQHG�DQLPDOV�KDYH�ODUJH�HJJ�QXPEHU�
LQ� IHFHV�� DIWHU� ZKLFK� GHKHPLQWL]DWLRQ� LV� RE�
WDLQHG��DQG����GD\V�DIWHU�)(&�VKRZV�]HUR�RU�YHU\�
ORZ�YDOXH��ORZHU�WKDQ����RI�YDOXH�EHIRUH�WUHDW�
PHQW��� IRU� WKDW� JURXS� FDQ� EH� FODLPHG� FHUWDLQO\�
WKDW� GHKLOPLVDWLRQ� LV� VXFFHVVIXOO\� REWDLQHG�
�&ROHV�HW�DO����������

',$*1267,&�9$/8(�Ä),9(�32,17�&+(&.³�&/,1,&$/�$3352$&+�

2EWDLQHG�GLDJQRVWLF�)(&�EDVHG�UHVXOWV�KDYH�
WR� EH� FRPSOHPHQW� ZLWK� DVVHVVPHQW� UHODWHG� WR�
SUHVHQFH�RU�DEVHQFH�RI�FOLQLFDO�VLJQV�RI�GLVHDVHV�
�Ä)LYH� 3RLQW� &KHFN³��� 7KLV� FOLQLFDO� DSSURDFK�

PHDQV�PRQLWRULQJ�RI�ILYH�PRVW�FRPPRQ�QRQVSH�
FLILF�V\PSWRPV�LQ�DQLPDOV�LQIHFWHG�E\�SDUDVLWHV�
± DQHPLD� RI� PXFXV� PHPEUDQH� RI� H\H�� ERG\
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ZHLJKW�ORVW�RU�JURZWK�DQG�GHYHORSPHQW�UHWDUGD�
WLRQ��IHFDO�GLUWLQHVV�RI�WDLO�DQG�SRVWHULRU�ERG\�UH�
JLRQ�� VXEPDQGLEXODU� HGHPD� DQG� UXQQ\� QRVH�
�%DWK�HW�DO����������%DVHG�RQ�FOLQLFDO�V\PSWRPV�
VHYHULW\�� VHOHFWLRQ� RI� DQLPDOV� WKDW� VKRXOG� XQ�
GHUJR�SURFHVV�RI�GHKHOPLQWLVDWLRQ�LV�GRQH��+HUG�
KHDOWK�VWDWXV�LV�FODVVLILHG�DV��ÄJRRG³��QR�QHHG�IRU�
GHKHOPLQWLVDWLRQ��� ÄEDG³� �QHFHVVDULO\� RI� GHKH�
PLQWLVDWLRQ��ZLWK�FRQWURO�GXULQJ�VHYHUDO�IDOORZ�
LQJ�PRQWKV��DQG�PL[HG� UHVXOWV� �ÄVRPH�DQLPDOV�
DUH�JRRG��VRPH�DUH�EDG³��DFFRUGLQJ�WR�HVWLPDWHG�
V\PSWRPV�VHYHULW\��LW�LV�GHFLGHG�ZKLFK�DQLPDOV�
ZLOO�XQGHUJR�GHKHOPLQWLVDWLRQ�SURFHVV���6WRUH\��
�������

:LWK�WKH�DLP�WR�VORZ�GRZQ�WKH�RQVHW�RI�WKH�
DQWKHOPLQWLFV� UHVLVWDQFH� DQG� RUJDQL]DWLRQ� RI�
,QWHJUDWHG�3DUDVLWH�0DQDJHPHQW��,30���WKH�SULQ�
FLSOH�RI�7DUJHWHG�6HOHFWLYH�7UHDWPHQW� �767�� LV�
JOREDOO\�DFFHSWHG��,PSOHPHQWDWLRQ�RI�WKLV�VWUDW�
HJ\�KDV�EHFRPH�ZRUNDEOH�RQ�IDUPV�RQO\�ZLWK�GH�
YHORSPHQW� DQG� SUDFWLFDO� DSSOLFDWLRQ� RI�
)$0$&+$��V\VWHP�IRU�FOLQLFDO�HVWLPDWLRQ�RI�
DQHPLD� FDXVHG� E\� KHPDWRSKDJRXV� QHPDWRGH�
+DHPRQFKXV�FRQWRUWXV�LQ�VPDOO�UXPLQDQWV��3ULQ�
FLSOH�RI�767�FDQ�EH�H[SDQGHG�RQ�RWKHU�LPSRUWDQW�
HFWRSDUDVLWHV�� XQGHU� FRQGLWLRQ� WKDW� GHYHORSHG�
V\VWHP�LV�SUDFWLFDO��HFRQRPLFDO�DQG�UHDOLVWLFDOO\�
FDSDEOH�WR�LGHQWLI\�DQLPDOV�WKDW�DUH�XQGHU�ULVN�RI�
RYHUORDGLQJ� E\� H[SHFWHG� HQGRSDUDVLWHV� �%DWK�
DQG�9DQ�:\N���������

&DQGLGDWHV�IRU�H[SDQGHG�767�V\VWHP�PDQL�
IHVW� RQH� RI� ILYH� OLVWHG� FOLQLFDO� V\PSWRPV� WKDW�
VHUYHG�DV�EDVHV�IRU�GHVLJQLQJ�RI�SUDFWLFDO�JXLGH�
IRU�EUHHGHUV��)RU�LQWHUQDWLRQDO��PXOWLOLQJXDO�XV�
DJH�� WKLV� V\VWHP� LV� FDOOHG� )LYH� 3RLQW� &KHFN���
DQG� UHSUHVHQW� SUDFWLFDO� H[SDQVLRQ� RI� 767� DQG�
PD\�EH�HIIHFWLYH�FRQWULEXWLRQ� LQ�PRQLWRULQJ�RI�
HQGRSDUDVLWH�SUHVHQFH�LQ�VPDOO�UXPLQDQWV��,W�OHW�
XVHUV�WR���D��PDNH�UDSLG�HVWLPDWLRQ�RI�SDUDVLWRVLV�
VLJQV� LQ� VPDOO� UXPLQDQWV�� �E�� PDNH� HIIHFWLYH�
HVWLPDWLRQ�RI�KHDOWK� VWDWXV�RI�RZQ�DQLPDOV�� �F��
LGHQWLI\�H[SHFWHG�SDUDVLWHV���G��VHOHFW�DQWKHOPLQ�
WLF�JURXSV�IRU�WUHDWPHQW��H��XVH�SUDFWLFDO�V\VWHPV�
IRU� WHPSRUDU\� LGHQWLILFDWLRQ� RI� WUHDWHG� DQLPDOV�

DQG� �I�� IDPLOLDUL]H� ZLWK� OLPLWV� RI� WKH� V\VWHP�
�%DWK�DQG�9DQ�:\N���������

)$0$&+$��V\VWHP�SUHVHQWV�ILJXUH�RI�WKH�
HVWLPDWLRQ�RI�VHYHULW\�RI�SDUDVLWH�LQIHFWLRQ�LQ�UX�
PLQDQWV�DQG�PDNLQJ�GHFLVLRQV�DERXW�KHDOLQJ��ED�
VHG�RQ�DQHPLD�GHJUHH�RI�PXFRXV�PHPEUDQH��&OL�
QLFDO�DQHPLD�LV�UHSUHVHQWHG�WKURXJK�HU\WKURF\WH�
YROXPH��DQG�LV�UDQJHG�IURP���WR���RQ�WKH�VFDOH�RI�
)$0$&+$�FDUG� DQG� LW� LQGLFDWHV� WKH� LQIHFWLRQ�
E\�KDHPDWRSKDJH�QHPDWRGH�+��FRQWRUWXV��WUHPD�
WRGHV�DQG�FHVWRGHV��)HUUHLUD�HW�DO�����������

%HVLGHV� LQFUHDVHG� )$0$&+$� UHVXOWV�� WKH�
FDXVH�IRU�GHOHPLQWLVDWLRQ�PLJKW�DOVR�EH�RWKHU�FOL�
QLFDO�PDQLIHVWDWLRQV� LQ� LQIHFWHG� DQLPDV�� %DVHG�
RQ�ERG\�FRQGLWLRQ�LQGH[��ZKLFK�LV�GHWHUPLQHG�E\�
%&6� �%RG\�&RQGLWLRQ�6FRUH�� E\� FDUG�RQ� VFDOH�
IURP��� WR���� WKHUH� LV�SRVVLELOLW\�RI� LQIHFWLRQ�E\�
7HORGRUVDJLD� VSS��� 7ULFKRVWURQJ\OXV� VSS�� DQG�
QRGXODU�KHOPLQWKV��0DKLHX�HW�DO���������$UHFH�
*DUFLD�HW�DO����������'LUWLQHVV�RI�WDLO�DQG�SRVWH�
ULRU�ERG\�UHJLRQ�ZLWK�IHFHV�LV�GHWHUPLQHG�E\�'6�
�'DJ�6FRUH��FDUG�ZLWK���WR���VFDOH�DQG�LV�LQGLFD�
WRU�RI�SRVVLEOH�SUHVHQFH�RI�LQIHFWLRQ�E\�QHPDWR�
GHV� 7HORGRUVDJLD� VSS��� 7ULFKRVWURQJ\OXV� VSS���
2HVRSKDJRVWRPXP�VSS���6WURQJ\ORLGHV�VSS��VQG�
FRFFLGLD� �(LPHULD� VSS��� ([LVWDQFH� RI� QDVDO�
GLVFKDUJH�LQGLFDWHV�WKH�SUHVHQFH�RI�QDVDO�PLDVD��
SXOPRQDO�SDUDVLWHV�DQG�SQHXPRQLD��DQG�LV�VFDOHG�
E\�1'��1DVDO�'LVFKDUJH��FDUG�RQ�VFDOH������&ROG�
VXEPDQGLEXODU�HGHPD�LV��DFFRUGLQJ�WR�VHYHULW\��
FDWRJRULVHG�RQ���WR���VFDOH��DQG�LQGLFDWHV�WKH�ORZ�
EORRG�SURWHLQ�OHYHO�LQ�H[DPLQHG�DQLPDOV�DQG�RQ�
SRVVLELOLW\� RI� SDUDVLWH� LQIHFWLRQ� FDXVHG� E\� +��
&RQWRUWXV�VSHFLHV��WUHPDWRGHV��FHVWRGHV�DQG�FRF�
FLGLD��(LPHULD�VSS���:DONHU�HW�DO����������

%HVLGHV� WKHVH� ILYH� VWDQGDUG� FOLQLFDO� V\PS�
WRPV��VRPHWLPHV�REVHUYDWLRQ�RI�FRQGLWLRQ�RI�WKH�
IXU� LV�SHUIRUPHG� �ORZ�KDLU�TXDOLW\�RU�DEQRUPDO�
IOHHFH��� ZKLFK� FKDQJHV� DUH� FODVVLILHG� RQ� VFDOH�
IURP��� WR� ��� DQG�PD\� LQGLFDWH� WKH� SUHVHQFH� RI�
QHPDWRGH�LQIHFWLRQ��+��FRQWRUWXV��7HORGRUVDJLD�
VSS���7ULFKRVWURQJ\OXV� VSS����FRFFLGLD� �(LPHULD�
VSS��DQG�HFWRSDUDVLWHV��9DQLPLVHWWL�HW�DO���������
0DKLHX�HW�DO���������
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)URP�WKH�DVSHFW�RI�GLIIHUHQWLDO�GLDJQRVLV�RI�
DQLPDOV�WKDW�VKRZ�VLJQV�RI�UHVLVWDQFH��L�H��UHVLOL�
HQFH��VDPH�RI�WKH�PRVW�LPSRUWDQW�SDUDPHWHUV�DUH�
REWDLQHG�)$0$&+$�YDOXHV��%XUNH�DQG�0LOOHU��
�������8VDJH�RI�)$0$&+$��V\VWHP�SURYLGHV�
VPDOO�UXPLQDQWV�EUHHGHUV�WR�PDNH�GHFLVLRQV�UH�
ODWHG�WR�GHOHOPLQWLVDWLRQ�EDVHG�RQ�DVVHVVPHQW�RI�
DQHPLD�UDWH�FDXVHG�E\�+��FRQWRUWXV�LQ�VKHHS�DQG�
JRDWV��$UHFH�*DUFLD�HW�DO����������7KLV�FDXVDWLYH�
DJHQW� LV� HFRQRPLFDOO\� PRVW� LPSRUWDQW� *,1� LQ�
VKHHS�DQG�JRDWV��LV�PRVW�FRPRQ�FDXVH�RI�DQHPLD�
GXULQJ�SDVWXUH�VHDVRQ�LQ�86$��DQG�LQ�WKH�FDVHV�
RI��LQIHFWLRQV�RI�KLJK�LQWHQVLW\�FDXVHV�GHDWK��

)$0$&+$�� FDUG� LV� GHYHORSHG� LQ� 6RXWK�
$IULFD�� DQG� LV� LPSRUWHG� LQ� 86$� E\� $PHULFDQ�
&RQVRUWLXP� IRU� 6PDOO� 5XPLQDQW� 3DUDVLWH�
&RQWURO� �$&653&��� 7KDW� LV� RQH� RI� WKH� PRVW�
VXFFHVVIXO� GLDJQRVWLF� LQGLFDWRUV�� DFFRUGLQJ� WR�
ZKLFK� WKH� FRORU� RI� H\H� PXFRXV� PHPEUDQH� LV�
FRPSDUHG�ZLWK���FDWHJRULHV�RI�FRORU�RQ�FRQWURO�
SDQHO�ZLWK�FRORUV�WKDW�PDWFK�WKH�GLIIHUHQW�DQHPLD�
UDWHV��&DWHJRU\���LV��QRQ�DQHPLF��VWDWH��ZKLOH�FD�
WHJRU\���UHSUHVHQW� WKH�VWDWH�RI� �VHYHUH�DQHPLD��

�0DUWLQH]�9DOODGDUHV�HW�DO����������%DVHG�RQ�UH�
VXOWV�GHWHUPLQHG�E\�FDUG��VKHHS�DQG�JRDWV�ZLWK�
DQHPLD� DUH� LGHQWLILHG� DQG� H[SRVHG� WR� VHOHFWLYH�
GHKHOLQLWLVDWLRQ���

6HOHFWLYH�GHKHOPLQWLVDWLRQ� UHGXFHV� WKH�GUXJ�
XVDJH� DQG� VORZV� GRZQ� WKH� GHYHORSPHQW� RI�
DQWKHOPLQWKV�UHVLVWDQFH�LQ�*,1��,W�FDQ�DOVR�KHOS�
LQ� PDNLQJ� VHOHFWLYH� GHFLVLRQV� UHODWHG� WR� EUHH�
GLQJ��LQ�D�ZD\�WKDW�LW�ZLOO�LGHQWLI\�WKRVH�DQLPDOV�
WKDW�DUH�PRVW�VHQVLWLYH�WR�JXW�SDUDVLWH�LQIHFWLRQ��
L�H��UHVLOLHQW�DQLPDOV��5L]]RQ�&LQWUD�HW�DO���������
)$0$&+$��LV�DSSOLHG�RQO\�LQ�D�FDVHV�ZKHUH
PDLQ� FDXVDWLYH� DJHQW� RI� FOLQLFDO� GLVHDVH� LV�+�
FRQWRUWXV��%HIRUH�SHUIRUPLQJ�WKH�WHVW��LW�VKRXOG
EH�WDNHQ�LQ�FRQVLGHUDWLRQ�WKDW�VRPH�VWDJHV��H\H
GLVHDVHV� HQYLURQPHQWDO� VWLPXOXV� DQG� V\VWHPLF
GLVHDVHV�� FDXVH� UHGGLVK� RI� H\H� PXFRXV� PHP�
EUDQH�DQG�WKXV�PD\�FDPRXIODJH�DQHPLD��4XHVWL�
RQDEOH�PD\�DOVR�EH�WKH�RWKHU�FDXVHV�RI�DQHPLD�
EXW�WKH\�DUH�UDUH�FRPSDULQJ�WR�*,1�LQIHFWLRQ�GX�
ULQJ�SDVWXUH�VHDVRQ��)HUUHLUD�HW�DO���������

&21&/86,21�

6LQFH� WKH\�DUH�DGDSWHG� WR�SUHVHQW�SDUDVLWHV��
UHVLOLHQW�DQLPDOV�SUHVHQW�QRQ�LGHQWLILHG�VRXUFHV�
RI�SDUDVLWH�LQIHFWLRQV��ZKLFK�FDQ�EH�PDLQWDLQHG�
IRU�D�ORQJ�SHULRG�DQG�REWDLQHG�FRQWLQXDO�UHFRQ�
WDPLQDWLRQ� RI� SDVWXUH�� 7KH\� FDQ� EH� LGHQWLILHG�
RQO\� MXVW� ZLWK� LPSOHPHQWDWLRQ� RI� TXDQWLWDWLYH�
FRSURORJLFDO� GLDJQRVWLF� DQG� SHUIRUPLQJ� )(&�
YDOXHV�IRU�HDFK�LQGLYLGXDO�UHVSHFWLYHO\��5HVLOLHQW�
DQLPDO�KDV�FRQVLVWHQWO\�ORZ�)(&�OHYHOV�DQG�ORZ�
)$0$&+$� UHVXOWV�� PDLQO\� DUH� LQ� JRRG� ERG\�
FRQGLWLRQ� DQG� GR� QRW� VKRZ� YDULDWLRQV� LQ� ERG\�
ZHLJKW�� 2EWDLQHG� )(&� YDOXHV� XVXDOO\� LQGLFDWH�
WKDW�VXVSLFLRXV��UHVLOLHQW��DQLPDOV�DUH�FDUULHUV�RI�
PXFK�KLJKHU�QXPEHU�RI�SDUDVLWHV�WKDQ�LW�FDQ�EH�
H[SHFWHG�E\�DQDO\VLV�DQG�HVWLPDWLRQ�REWDLQHG�RQ�
RWKHU�FOLQLFDO�SDUDPHWHUV��7KHVH�DQLPDOV�VKRXOG�

QRW� EH� GHKHOPLQWHG�� RU� VKRXOG� EH� UDUHO\� GH�
KHOPLQWHG��FRPSDUHG� WR� WKH�RWKHU�KHUG�DQLPDOV�
ZKLFK�VKRZ�FOLQLFDO�VLJQV�RI�GLVHDVHV�DOVR�DIWHU�
GHKHOPLQWLVDWLRQ��GXH�WR�SDUDVLWH�UHVLVWDQFH��$Q�
LPDOV� LQIHFWHG�E\� ODUJH�QXPEHU�RI� UHVLVWDQW�HQ�
GRSDUDVLWHV� VKRZ� KLJK� )(&� YDOXHV�� KLJK�
)$0$&+$�UHVXOWV�DQG�KDYH�SRRUHU�ERG\�FRQ�
GLWLRQ� ZLWK� VLJQLILFDQW� ERG\� ZHLJKW� YDULDWLRQV�
DOVR�DIWHU�WUHDWPHQW��6KRUW�WHUP�FKDQJHV�LQ�ERG\�
ZHLJKWV�� PD\� EH� LQGLFDWRUV� RI� SDUDVLWRVLV�� DQG�
WKLV�PD\�SURYLGH�UDSLG�LGHQWLILFDWLRQ�RI�DQLPDOV�
WKDW�ZLOO�SUREDEO\�KDYH�EHQHILWV�IURP�WUHDWPHQW��
:LWKRXW�)(&�LQIRUPDWLRQ��LW�FDQQRW�EH�FHUWDLQO\�
GHILQHG� LI� REVHUYHG� QRWHG� FKDUDFWHULVWLF� LV� UH�
VLVWDQFH�RU�UHVLOLHQFH��
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�� $UHFH�*DUFtD�-���/ySH]�/H\YD�<���*RQ]iOH]�*DUGXxR�5���7RUUHV�+HUQiQGH]�*���5RMR�5XELR�5��
0DULH�0DJGHOHLQH� &�� �������� (IIHFW� RI� VHOHFWLYH� DQWKHOPLQWLF� WUHDWPHQWV� RQ� KHDOWK� DQG
SURGXFWLRQ� SDUDPHWHUV� LQ� 3HOLEXH\� HZHV� GXULQJ� ODFWDWLRQ�� 7URS� $QLP�+HDOWK� 3URG� ��� ����
��������

�� %DWK�)�*���9DQ�:\N�$�-����������7KH�)LYH�3RLQW�&KHFN��IRU�WDUJHWHG�VHOHFWLYH�WUHDWPHQW�RI
LQWHUQDO�SDUDVLWHV�LQ�VPDOO�UXPLQDQWV��6PDOO�5XPLQDQW�5HV����������–���

�� %DWK�*�)���:\N�-�$���0DODQ�)�6����������7DUJHWHG�VHOHFWLYH�WUHDWPHQW�RI�VKHHS�XVLQJ�WKH�)LYH
3RLQW�&KHFN���-�&RPPRQ�9HW�$VVRF�������–���

�� %LVKRS� 6�&�� �������� $� FRQVLGHUDWLRQ� RI� UHVLVWDQFH� DQG� WROHUDQFH� IRU� UXPLQDQW� QHPDWRGH
LQIHFWLRQV��)URQW�*HQHW��������

�� %LVKRS�6�&���0RUULV�&�$�� ��������*HQHWLFV� RI� GLVHDVH� UHVLVWDQFH� LQ� VKHHS� DQG�JRDWV�� 6PDOO
5XPLQ�5HV�����������–���

�� %RQGDUHQNR�,�*���.LQþHNRYi�-���9iUDG\�0���.|QLJRYi�$���.XFKWD�0���.RĖiNRYi�*���������
8VH� RI� PRGLILHG� 0F0DVWHU� PHWKRG� IRU� WKH� GLDJQRVLV� RI� LQWHVWLQDO� KHOPLQWK� LQIHFWLRQV� DQG
HVWLPDWLQJ�SDUDVLWLF�HJJ�ORDG�LQ�KXPDQ�IDHFDO�VDPSOHV�LQ�QRQ�HQGHPLF�DUHDV��+HOPLQWKRORJLD�
������–���

�� %XUNH�-�0���0LOOHU�(�-����������8VH�RI�)$0$&+$�V\VWHP�WR�HYDOXDWH�JDVWURLQWHVWLQDO�QHPDWRGH
UHVLVWDQFH��UHVLOLHQFH�LQ�RIIVSULQJ�RI�VWXG�UDPV��9HW�3DUDVLWRO��������–���

�� &ROHV�*�&���%DXHU�&���%RUJVWHHGH�)�+�0���*HHUWV�6���.OHL�7�5���7D\ORU�0�$���:DOOHU�3�-���������
:RUOG�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\��:$$93��PHWKRGV�IRU�WKH
GHWHFWLRQ�RI�DQWKHOPLQWLF�UHVLVWDQFH�LQ�QHPDWRGHV�RI�YHWHULQDU\�LPSRUWDQFH��9HW�3DUDVLWRO���
��–������–���

�� &ROHV�*�&���-DFNVRQ�)���3RPUR\�:�(���3ULFKDUG�5�.���YRQ�6DPVRQ�+LPPHOVWMHUQD�*���6LOYHVWUH
$���7D\ORU�0�$���9HUFUX\VVH�-����������7KH�GHWHFWLRQ�RI�DQWKHOPLQWLF�UHVLVWDQFH�LQ�QHPDWRGHV
RI�YHWHULQDU\�LPSRUWDQFH��9HW�3DUDVLWRO�������–�������–����

��� 'LPLWULMHYLü� 6�� �������� 'LMDJQRVWLND� SDUD]LWVNLK� EROHVWL�� )DNXOWHW� YHWHULQDUVNH� PHGLFLQH
8QLYHU]LWHW�X�%HRJUDGX��Ä-RYDQ³��%HRJUDG��VWU������

��� 'REVRQ�5���-DFNVRQ�)���/HYHFNH�%���%HVLHU�%���.DSODQ�5���6DQJVWHU�1���9HUFUX\VVH�-���������
:$$93� JXLGHOLQHV� IRU� IDHFDO� HJJ� FRXQW� UHGXFWLRQ� WHVWV� �)(&57��� 3URFHHGLQJV�� ��UG
,QWHUQDWLRQDO� FRQIHUHQFH� RI� WKH� :RUOG� $VVRFLDWLRQ� IRU� WKH� $GYDQFHPHQW� RI� 9HWHULQDU\
3DUDVLWRORJ\�� 7RZDUGV� JRRG� PDQDJHPHQW� SUDFWLFHV� LQ� SDUDVLWLF� FRQWURO�� %XHQRV� $LUHV�
$UJHQWLQD�

��� 'RHVFKO�:LOVRQ� $�%��� 9LOODQXHYD� %��� .\ULD]DNLV� ,�� �������� 7KH� ILUVW� VWHS� WRZDUG� JHQHWLF
VHOHFWLRQ�IRU�KRVW�WROHUDQFH�WR�LQIHFWLRXV�SDWKRJHQV��REWDLQLQJ�WKH�WROHUDQFH�SKHQRW\SH�WKURXJK
JURXS�HVWLPDWHV��)URQW�*HQHW��������

��� *XQLD� 0��� 3KRFDV� )��� *RXUGLQH� -�/��� %LMPD� 3��� 0DQGRQQHW� 1�� �������� 6LPXODWHG� VHOHFWLRQ
UHVSRQVHV� IRU� EUHHGLQJ�SURJUDPV� LQFOXGLQJ� UHVLVWDQFH� DQG� UHVLOLHQFH� WR� SDUDVLWHV� LQ�&UHROH
JRDWV��-�$QLP�6FL������������–����

��� )HUUHLUD�%�-���6DQWRV�6RWRPDLRU�&���'LyJHQHV�&�$���%H]HUUD�6���GD�6LOYD�(�:���0RUDLV�/HLWH
+�-�*��� 5XILQR� GH� 6RXVD� (�-��� GH� )iWLPD� )UDQoD� %L]� -��� (YDQJHOLVWD� )DoDQKD� $�'�� �������
6HQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�)$0$&+$��V\VWHP�LQ�WURSLFDO�KDLU�VKHHS��7URS�$QLP�+HDOWK
3URG�3XEOLVKHG�RQOLQH����0DUFK�������GRL�RUJ���������V����������������[

https://www.ncbi.nlm.nih.gov/pubmed/?term=Arece-Garc%C3%ADa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-Leyva%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez-Gardu%C3%B1o%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres-Hern%C3%A1ndez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rojo-Rubio%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marie-Magdeleine%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/26563269
https://biblio.ugent.be/publication?q=author=%22Dobson,+R%22+or+(type+exact+bookEditor+and+editor=%22Dobson,+R%22)
https://biblio.ugent.be/publication?q=author=%22Jackson,+F%22+or+(type+exact+bookEditor+and+editor=%22Jackson,+F%22)
https://biblio.ugent.be/person/001999293470
https://biblio.ugent.be/publication?q=author=%22Besier,+B%22+or+(type+exact+bookEditor+and+editor=%22Besier,+B%22)
https://biblio.ugent.be/publication?q=author=%22Kaplan,+R%22+or+(type+exact+bookEditor+and+editor=%22Kaplan,+R%22)
https://biblio.ugent.be/publication?q=author=%22Sangster,+N%22+or+(type+exact+bookEditor+and+editor=%22Sangster,+N%22)
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22
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��� -DFNVRQ�)���&RRS�5�/����������7KH�GHYHORSPHQW�RI�DQWKHOPLQWLF�UHVLVWDQFH�LQ�VKHHS�QHPDWRGHV�
3DUDVLWRO�����6XSSO������6��–����

��� .DKQ�0�&����������0HUFN�9HWHULQDU\�PDQXDO����WK�(G���:KLWHKRXVH�6WDWLRQ��1�-���*UHDW�%ULWDLQ�
0HUFN�	�&R���SS�����–����

��� .DSODQ�5�0���1LHOVHQ�0�.����������$Q�HYLGHQFH�EDVHG�DSSURDFK�WR�HTXLQH�SDUDVLWH�FRQWURO��,W
DLQ¶W�WKH���V�DQ\PRUH��(TXLQH�9HW�(GXF��������–����

��� /DORãHYLü�9���-DUDN�0���ĈXULü�6���6LPLQ�6����������%LRORãND�NRQWUROD�KHOPLQDWD��/HWRSLV�QDXþQLK
UDGRYD������������–����

��� /HYHFNH�%���.DSODQ�0�5���7KDPVERUJ�0�6���7RUJHUVRQ�5�3���9HUFUX\VVH�-���'REVRQ�-�5���������
+RZ� WR� LPSURYH� WKH� VWDQGDUGL]DWLRQ�DQG� WKH�GLDJQRVWLF�SHUIRUPDQFH�RI� WKH� IHFDO� HJJ� FRXQW
UHGXFWLRQ�WHVW"�9HW�3DUDVLWRO��������–���

��� /RYH�6���+XWFKLQVRQ�*����������:RUP�7HVW�IRU�OLYHVWRFN�DQG�JXLGH�WR�HJJ�FRXQWV��3URILWDEOH�DQG
VXVWDLQDEOH�SULPDU\�LQGXVWULHV��3ULPHIDFW������5HSODFH�DJQRWH�GDL���������SS���–��

��� 0DODQ�)�6���9DQ�:\N�-�$����������7KH�SDFNHG�FHOO�YROXPH�DQG�FRORU�RI�WKH�FRQMXQFWLYDH�DV�DLGV
IRU�PRQLWRULQJ�+DHPRQFKXV�FRQWRUWXV�LQIHVWDWLRQV�LQ�VKHHS��,Q��%LHQQLDO�1DWLRQDO�9HWHULQDU\
&RQJUHVV��*UDKDPVWRZQ��6RXWK�$IULFDQ�9HWHULQDU\�$VVRFLDWLRQ�����S������

��� 0DUWtQH]�9DOODGDUHV�0���0DUWtQH]�3pUH]�-�0���5REOHV�3pUH]�'���&RUGHUR3pUH]�&���0F0DKRQ
&���%DUWOH\�'�-���(GJDU�+�:�-���(OOLVRQ�6�(���%DUOH\�-�3���0DORQH�)�(���+DQQD�5�(�%���%UHQQDQ
*�3��� )DLUZHDWKHU� ,�� ��������$QWKHOPLQWLF� UHVLVWDQFH� LQ�1RUWKHUQ� ,UHODQG� �,��� 3UHYDOHQFH� RI
UHVLVWDQFH� LQ� RYLQH� JDVWURLQWHVWLQDO� QHPDWRGHV�� DV� GHWHUPLQHG� WKURXJK� IDHFDO� HJJ� FRXQW
UHGXFWLRQ�WHVWLQJ��9HW�3DUDVLWRO�������–�������–����

��� 0DKLHX�0���$UTXHW�5���.DQGDVVDP\�7���0DQGRQQHW�1���+RVWH�+����������(YDOXDWLRQ�RI�WDUJHWHG
GUHQFKLQJ�XVLQJ�IDPDFKD�PHWKRG�LQ�&UHROH�JRDW��5HGXFWLRQ�RI�DQWKHOPLQWLF�XVH��DQG�HIIHFWV�RQ
NLG�SURGXFWLRQ�DQG�SDVWXUH�FRQWDPLQDWLRQ��9HW�3DUDVLWRO���������–����

��� 0F.HQQD�3�%����������$UH�PXOWLSOH�SUH�WUHDWPHQW�JURXSV�QHFHVVDU\�RU�XQZDUUDQWHG�LQ�IDHFDO
HJJ�FRXQW�UHGXFWLRQ�WHVWV�LQ�VKHHS"�9HW�3DUDVLWRO���������������–����

��� 0F0DQXV� &��� GR� 3UDGR� 3DLP� 7��� GH� 0HOR� &�%��� %UDVLO� %�6��� 3DLYD� 6�5�� �������� 6HOHFWLRQ
PHWKRGV�IRU�UHVLVWDQFH�WR�DQG�WROHUDQFH�RI�KHOPLQWKV�LQ�OLYHVWRFN��3DUDVLWH��������

��� 3HUHFNLHQH�$���3HWNHYLFLXV�6���9\VQLDXVNDV�$����������&RPSDUDWLYH�HYDOXDWLRQ�RI�HIILFLHQF\�RI
WUDGLWLRQDO�0F0DVWHU�FKDPEHU�DQG�QHZO\�GHVLJQHG�FKDPEHU�IRU�WKH�HQXPHUDWLRQ�RI�QHPDWRGH
HJJV��$FWD�9HW�6FDQG�����6XSSO�����6���

��� 3HWULþHYLü� 0�6��� ,OLü� 7��� 'LPLWULMHYLü� 6�� �������� 6DYUHPHQL� PRGHOL� L� SHUVSHNWLYD� NRQWUROH
SDUD]LWVNLK�EROHVWL��9HW�*ODVQLN��������������–����

��� 5L]]RQ� &LQWUD� &�0��� 2OOKRII� '��� 6RWRPDLRU� 6�&�� �������� 6HQVLWLYLW\� DQG� VSHFLILFLW\� RI� WKH
)$0$&+$��V\VWHP�LQ�JURZLQJ�ODPEV��9HW�3DUDVLWRO���������–����

��� 5ROOLQVRQ�'����������$GYDQFHV�LQ�SDUDVLWRORJ\��)LUVW�(GLWLRQ��(OVHYLHU�/WG��/RQGRQ��8.��SS�
���–����

��� 5RHEHU�)���-H[�$�-���*DVVHU�5�%����������&KDSWHU�)RXU���1H[W�*HQHUDWLRQ�0ROHFXODU�'LDJQRVWLF
7RROV�IRU�*DVWURLQWHVWLQDO�1HPDWRGHV�RI�/LYHVWRFN��ZLWK�DQ�(PSKDVLV�RQ�6PDOO�5XPLQDQWV��$
7XUQLQJ�3RLQW"�$GY�3DUDVLWRO��������–����

��� 5RHSVWRUII�$���1DQVHQ�3����������(SLGHPLRORJ\��GLDJQRVLV�DQG�FRQWURO�RI�KHOPLQWK�SDUDVLWHV�RI
VZLQH��)$2�$QLPDO�+HDOWK�0DQXDO��5RPH��1R������–���

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereckiene%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petkevicius%20S%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vysniauskas%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2994297/
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��� 6DOJDGR� -�$��� 6DQWRV� &�3�� �������� 2YHUYLHZ� RI� DQWKHOPLQWLF� UHVLVWDQFH� RI� JDVWURLQWHVWLQDO
QHPDWRGHV�RI�VPDOO�UXPLQDQWV�LQ�%UD]LO��5HY�%UDV�3DUDVLWRO�9HW����������–���

��� 6WRUH\�%�� ��������)HFDO�(JJ�&RXQWV��8VHV�DQG�/LPLWDWLRQV��:���:KDW�:RUNV�:LWK�:RUPV
&RQJUHVV��0D\��3UHWRULD��6RXWK�$IULFD��SS���–��

��� 9DGOHMFK� -��� 3HWUWêO� 0��� =DLFKHQNR� ,��� ýDGNRYi� =�� ��������:KLFK� 0F0DVWHU� HJJ� FRXQWLQJ
WHFKQLTXH�LV�WKH�PRVW�UHOLDEOH"�3DUDVLWRO�5HV����������–�����

��� 9DQLPLVHWWL�+�%���*UHLQHU�6�3���=DMDF�$�0���1RWWHU�'�5�� ��������3HUIRUPDQFH�RI�KDLU� VKHHS
FRPSRVLWH�EUHHGV��UHVLVWDQFH�RI�ODPEV�WR�+DHPRQFKXV�FRQWRUWXV��-�$QLP�6FL������������–����

��� 9iUDG\�0���3DSDGRSRXORV�(���'ROLQVNi�0���.RQLJRYi�$�� ��������$QWKHOPLQWLF� UHVLVWDQFH� LQ
SDUDVLWHV�RI�VPDOO�UXPLQDQWV��6KHHS�YHUVXV�JRDWV��+HOPLQWKRORJLD�����������–����

��� 9LG\DVKDQNDU� $�1��� +DQORQ� %�0��� .DSODQ� 5�0�� �������� 6WDWLVWLFDO� DQG� ELRORJLFDO
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