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'LUHFW '1$ LQRFXODWLRQV ZHUH XVHG WR GHWHUPLQH WKH HIILFDF\ RI JHQH LP�

PXQLVDWLRQ RI FKLFNHQV WR HOLFLW SURWHFWLYH LPPXQH UHVSRQVHV DJDLQVW LQIHFWLRXV

EXUVDO GLVHDVH YLUXV �,%'9�� 7KH YS� JHQH RI ,%'9 VWUDLQV *3�� DQG '��� DQG

WKH YS��YS��YS� HQFRGLQJ VHJPHQW RI VWUDLQ '�� ZHUH FORQHG LQ DQ H[SUHVVLRQ

YHFWRU ZKLFK FRQVLVWHG RI KXPDQ F\WRPHJDORYLUXV �+&09� LPPHGLDWH HDUO\ HQ�

KDQFHU DQG SURPRWHU� DGHQRYLUXV WULSDUWLWH OHDGHU VHTXHQFHV DQG 69�� SRO\�

DGHQ\ODWLRQ VLJQDO� )RU SXULILFDWLRQ RI YDFFLQH�TXDOLW\ SODVPLG '1$ IURP (� FROL�

DQ HIIHFWLYH PHWKRG ZDV GHYHORSHG� &KLFNHQV ZHUH YDFFLQDWHG E\ LQRFXODWLRQ RI

'1$ E\ WZR URXWHV �LQWUDPXVFXODU DQG LQWUDSHULWRQHDO�� 7ZR ZHHNV ODWHU� FKLFNHQV

ZHUH ERRVWHG ZLWK '1$� DQG DW � ZHHNV SRVW�ERRVW� WKH\ ZHUH FKDOOHQJHG ZLWK

YLUXOHQW ,%'9 VWUDLQ� /RZ WR XQGHWHFWDEOH OHYHOV RI ,%'9�VSHFLILF DQWLERGLHV DQG

QR SURWHFWLRQ ZHUH REVHUYHG ZLWK '1$ HQFRGLQJ 93�� +RZHYHU� SODVPLGV HQ�

FRGLQJ 93��93��93� LQGXFHG ,%'9�VSHFLILF DQWLERGLHV DQG SURWHFWLRQ LQ WKH

FKLFNHQV� '1$ LPPXQLVDWLRQ RSHQV D QHZ DSSURDFK WR WKH GHYHORSPHQW RI JHQH

YDFFLQHV IRU FKLFNHQV DJDLQVW LQIHFWLRXV GLVHDVHV�

.H\ ZRUGV� '1$� YDFFLQH� YLUXV� JHQH H[SUHVVLRQ� DQWLJHQ

,QIHFWLRXV EXUVDO GLVHDVH YLUXV �,%'9�� WKH SURWRW\SH PHPEHU RI WKH %LU�

QDYLULGDH IDPLO\� LV WKH FDXVDWLYH DJHQW RI D KLJKO\ LQIHFWLRXV GLVHDVH DIIHFWLQJ

\RXQJ FKLFNHQV� $OO NQRZQ SDWKRJHQLF ,%'9 VWUDLQV EHORQJ WR RQH VHURW\SH� 7KH

FHOOXODU WDUJHWV IRU ,%'9 UHSOLFDWLRQ DUH IRXQG LQ O\PSKRLG RUJDQV� PDLQO\ LQ WKH


&RUUHVSRQGLQJ DXWKRU� ,VWYiQ )RGRU� &HQWHU IRU 0ROHFXODU %LRORJ\ DQG *HQH 7KHUDS\�

/RPD /LQGD 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH� ����� &DPSXV 6W�� /RPD /LQGD� &$

������ 86$� (�PDLO� LIRGRU#VRP�OOX�HGX� )D[� ������������
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EXUVD RI )DEULFLXV� 7KHUH LV JRRG HYLGHQFH WR VXSSRUW WKH QRWLRQ WKDW DFWLYHO\ GL�

YLGLQJ % O\PSKRF\WHV DUH WKH WDUJHW FHOOV IRU WKH YLUXV �0XOOHU� ����� %XUNKDUGW

DQG 0XOOHU� ������ )XUWKHU VXSSRUW FRPHV IURP WKH GHPRQVWUDWLRQ WKDW LQ YLWUR� YL�

UXV UHSOLFDWHV WR D KLJK WLWUH LQ VXVSHQVLRQV RI SUH�% O\PSKRF\WHV IURP WKH EXUVD�

EXW SRRUO\ LQ O\PSKRF\WH VXVSHQVLRQV IURP VSOHHQ� O\PSK QRGHV RU WK\PXV

�)HQQHU HW DO�� ������ )XUWKHUPRUH� LW KDV DOVR EHHQ UHSRUWHG WKDW LQIHFWLRQ RI %

O\PSKRF\WHV LQ WKH EXUVD RI )DEULFLXV LV F\WRO\WLF DQG OHDGV GLUHFWO\ WR LPPXQR�

VXSSUHVVLRQ �.LEHQJH HW DO�� ������ 5HFHQW UHSRUWV LQGLFDWH WKDW FHOOV LQIHFWHG ZLWK

,%'9 XQGHUJR DSRSWRVLV LQ YLYR DQG LQ YLWUR �9DVFRQFHORV DQG /DP� ����� 7KDP

DQG 0RRQ� ������ DQG KLVWRSDWKRORJLFDO OHVLRQV LQ WKH WK\PXV RI ,%'9�LQIHFWHG

FKLFNHQV PD\ EH GXH WR HQKDQFHG HQGRJHQRXV DSRSWRVLV RI WK\PLF O\PSKRF\WHV

�7DQLPXUD DQG 6KDUPD� ����� LQGXFHG E\ 93� �)HUQDQGH]�$ULDV HW DO�� ������

,PPXQRVXSSUHVVLRQ LQFUHDVHV VXVFHSWLELOLW\ WR VHFRQGDU\ LQIHFWLRXV DJHQWV DQG

UHGXFHV WKH JURZWK UDWH RI VXUYLYLQJ DQLPDOV �/�WWLFNHQ� ������ 7KH GLVHDVH DI�

IHFWV DOO PDMRU SRXOWU\�SURGXFLQJ DUHDV ZRUOGZLGH DQG FDXVHV VLJQLILFDQW ORVVHV WR

WKH SRXOWU\ LQGXVWU\� ,Q UHFHQW \HDUV� WKH QXPEHU RI ,%'9 RXWEUHDNV ZLWK KLJK

PRUWDOLW\ KDV EHHQ VWHDGLO\ LQFUHDVLQJ �%URZQ DQG 6NLQQHU� ������

7KH ,%'9 JHQRPH FRQVLVWV RI WZR VHJPHQWV RI GRXEOH�VWUDQGHG 51$

�GV51$� �'RERV HW DO�� ������ 7KH VPDOOHU VHJPHQW �VHJPHQW %� HQFRGHV 93��

WKH SXWDWLYH GV51$ SRO\PHUDVH� ZKHUHDV WKH ODUJHU VHJPHQW �VHJPHQW $� HQFRGHV

D ����N'D SUHFXUVRU SRO\SHSWLGH LQ D VLQJOH ODUJH RSHQ UHDGLQJ IUDPH� ZKLFK LV

SURFHVVHG LQWR PDWXUH 93�� 93� DQG 93� SURWHLQV �+XGVRQ HW DO�� ������ 6HJ�

PHQW $ DOVR HQFRGHV D SXWDWLYH 93�� D ���N'D SURWHLQ RI XQNQRZQ IXQFWLRQ� 93�

DQG 93� DUH WKH PDMRU VWUXFWXUDO SURWHLQV RI WKH YLULRQV� 93� LV FKDUDFWHULVHG E\

VLJQLILFDQW JHQHWLF KHWHURJHQHLW\ DPRQJ ,%'9 VWUDLQV �-DFNZRRG DQG 6RPPHU�

������ DQG FRQWDLQV WKH HSLWRSHV UHVSRQVLEOH IRU WKH LQGXFWLRQ RI QHXWUDOLVLQJ DQ�

WLERGLHV �%HFKW HW DO�� ����� +HLQH HW DO�� ������ 93� LV FRQVLGHUHG WR EH D JURXS�

VSHFLILF DQWLJHQ� DQG 93� LV D SURWHDVH LQYROYHG LQ SURFHVVLQJ WKH SUHFXUVRU SRO\�

SURWHLQ �-DJDGLVK HW DO�� ������ 7KH FRPSOHWH QXFOHRWLGH VHTXHQFH RI VHJPHQW $

RI D QXPEHU RI VWUDLQV KDV EHHQ GHWHUPLQHG �%D\OLVV HW DO�� ����� 9DNKDULD HW DO��

����� %URZQ DQG 6NLQQHU� ������

&XUUHQWO\� WKH RQO\ SUDFWLFDO PHWKRG IRU WKH FRQWURO RI ,%'9 LV WKH XVH RI

YDFFLQHV FRQVLVWLQJ RI HLWKHU LQDFWLYDWHG RU OLYH DWWHQXDWHG YLUXV� 7KH HPHUJHQFH

RI QHZ� VR�FDOOHG µYHU\ YLUXOHQW¶ YDULDQWV RI ,%'9 KDV OHG WR UHQHZLQJ LQWHUHVW LQ

WKH GHYHORSPHQW RI QHZ YDFFLQH VWUDWHJLHV� 5HFRPELQDQW ,%'9 YDFFLQHV EDVHG RQ

DQWLJHQ H[SUHVVLRQ LQ \HDVW �0DFUHDGLH HW DO�� ������ EDFXORYLUXV �3LWFNRYVNL HW

DO�� ������ DGHQRYLUXV �6KHSSDUG HW DO�� ����� DQG IRZOSR[ YLUXV �+HLQH DQG

%R\OH� ����� KDYH EHHQ UHSRUWHG WR SURYLGH SURWHFWLYH LPPXQLW\ WR FKLFNHQV�

'HYHORSPHQW RI LPPXQLVDWLRQ E\ GLUHFW '1$ LQRFXODWLRQ KDV SURYLGHG D

XQLTXH PHWKRG IRU SURWHFWLRQ RI DQLPDOV IURP YDULRXV LQIHFWLRXV GLVHDVHV VXFK DV

UDELHV� PDODULD� DQG KHSDWLWLV % �VHH 0LFKHO� ������ 3URWHFWLRQ RI FKLFNHQV DJDLQVW
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LQIOXHQ]D YLUXV �5RELQVRQ HW DO�� ����� DQG 1HZFDVWOH GLVHDVH YLUXV �6DNDJXFKL HW

DO�� ����� E\ YDFFLQDWLRQ ZLWK SODVPLG '1$ KDV RSHQHG D QHZ KRUL]RQ IRU WKH

GHYHORSPHQW RI QHZ JHQHUDWLRQ YDFFLQHV IRU FKLFNHQV�

:H KDYH LQYHVWLJDWHG WKH SURWHFWLRQ RI FKLFNHQV DJDLQVW ,%'9 E\ D '1$

YDFFLQH H[SUHVVLQJ 93� DQWLJHQ RU 93��93��93� SRO\SURWHLQ SUHFXUVRU� )RU HIIHF�

WLYH JHQH H[SUHVVLRQ� WKH ,%'9 '1$ VHTXHQFHV ZHUH SODFHG XQGHU WKH FRQWURO RI D

PRUH SRWHQW SURPRWHU�

0DWHULDOV DQG PHWKRGV

&ORQLQJ RI ,%'9 F'1$

%RWK ,%'9 VWUDLQV XVHG LQ WKLV ZRUN EHORQJ WR WKH FODVVLF DQWLJHQLF JURXS�

3XULILFDWLRQ RI WKH ,%'9 YDFFLQH VWUDLQ '��� H[WUDFWLRQ RI YLUDO 51$� UHYHUVH

WUDQVFULSWLRQ� FORQLQJ RI VHJPHQW $ DQG GHWHUPLQDWLRQ RI QXFOHRWLGH VHTXHQFH RI

YS��YS��YS� SRO\SURWHLQ�HQFRGLQJ VHTXHQFHV KDYH EHHQ SHUIRUPHG DV GHVFULEHG

�9DNKDULD HW DO�� ����� 9DNKDULD HW DO�� ������ 0HWKRGV IRU SXULILFDWLRQ RI WKH

,%'9 VWUDLQ *3�� �REWDLQHG IURP 3K\OD[LD�6DQRIL� %XGDSHVW� +XQJDU\�� LVRODWLRQ

RI YLUDO 51$� FORQLQJ DQG GHWHUPLQDWLRQ RI WRWDO QXFOHRWLGH VHTXHQFH RI WKH YS�

JHQH ZLOO EH SXEOLVKHG HOVHZKHUH �PDQXVFULSW LQ SUHSDUDWLRQ�� %ULHIO\� WKH *3��

GRXEOH VWUDQGHG 51$ ZDV GHQDWXUHG DQG WKH UHYHUVH WUDQVFULSWDVH�SRO\PHUDVH

FKDLQ UHDFWLRQ �57�3&5� ZDV FDUULHG RXW XVLQJ D VHW RI IRUZDUG DQG UHYHUVH SULP�

HUV GHVLJQHG RQ WKH EDVLV RI NQRZQ YS� VHTXHQFHV� DQG U7WK SRO\PHUDVH

�%RHKULQJHU 0DQQKHLP�� 7KH 3&5 IUDJPHQW RI ����� ES FDUU\LQJ WKH YS� JHQH

ZDV FORQHG EHWZHHQ WKH 6PD, DQG (FR5, VLWHV RI WKH YHFWRU S%OXHVFULSW ,, 6.

�6WUDWDJHQH� UHVXOWLQJ LQ S%93�� �QRW VKRZQ�� 2WKHU FORQLQJ SURFHGXUHV ZHUH HV�

VHQWLDOO\ DV GHVFULEHG �6DPEURRN HW DO�� ������

3ODVPLGV

7KH SODVPLG S:6� �6KHD\ HW DO�� ����� ZDV REWDLQHG IURP 'U� 5� 'RUQ�

EXUJ� 7KH YHFWRU FRQWDLQV F\WRPHJDORYLUXV �&09� LPPHGLDWH HDUO\ SURPRWHU DQG

HQKDQFHU� WULSDUWLWH OHDGHU RI DQ DGHQRYLUXV GRZQVWUHDP RI WKH &09 VHTXHQFHV�

DQG 69�� SRO\DGHQ\ODWLRQ VLJQDO� 7KLV FRPELQDWLRQ RI YLUDO UHJXODWRU\ HOHPHQWV

VLJQLILFDQWO\ HQKDQFHG WKH IRUHLJQ JHQH H[SUHVVLRQ LQ PDPPDOLDQ FHOOV� $ 6WX,�

6DO, '1$ IUDJPHQW ����� NE� FRQWDLQLQJ WKH YS� JHQH RI '�� ZDV LQVHUWHG LQWR

S:6� UHVXOWLQJ LQ S/93�� 3ULRU WR WKH OLJDWLRQ UHDFWLRQ� WKH YHFWRU ZDV WUHDWHG

ZLWK 6WX,� EOXQW�HQGHG E\ 7� '1$ SRO\PHUDVH DQG WKHQ WUHDWHG ZLWK 6DO,� 7R RE�

WDLQ WKH H[SUHVVLRQ SODVPLG S/93���� WKH EOXQW�HQGHG 6WX,�1VL, '1$ IUDJPHQW

����� NE� RI VWUDLQ '�� ZDV LQVHUWHG LQWR WKH EOXQW�HQGHG 1RW,�3VW, VLWHV RI S:6��

7KH FRQVWUXFW S/93� ZDV GHULYHG IURP WKH SODVPLG S/93��� E\ GHOHWLQJ WKH UH�

GXQGDQW '1$ VHJPHQW FRQWDLQLQJ PXOWLSOH UHVWULFWLRQ VLWHV �056� DW WKH �¶�HQG
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RI WKH ,%'9 VHTXHQFHV XVLQJ .SQ,� .OHQRZ HQ]\PH DQG (FR59� ,QVHUWLRQ RI WKH

;ED,�+LQG,,, IUDJPHQW RI S%93�� FDUU\LQJ WKH *3�� YS� JHQH LQWR WKH ;ED,�

+LQG,,, VLWHV RI S:6� UHVXOWHG LQ S:*3�� /LJDWLRQ RI WKH 6PD,�6DO, IUDJPHQW RI

S%93�� LQWR EOXQW�HQGHG %DP+,�6DO, VLWHV RI S:6� DQG VXEVHTXHQW UHPRYDO RI

056 VHTXHQFHV E\ .SQ, DQG (FR59 UHVXOWHG LQ S:9�� 7KH VWUXFWXUH RI DOO H[�

SUHVVLRQ SODVPLGV ZDV YHULILHG E\ '1$ VHTXHQFLQJ�

'1$ SXULILFDWLRQ

)URP D IUHVKO\ VWUHDNHG SODWH RI (� FROL ;/��%OXH �6WUDWDJHQH� WUDQVIRUPHG

ZLWK WKH H[SUHVVLRQ YHFWRU� D VLQJOH FRORQ\ ZDV SLFNHG� LQRFXODWHG LQWR � PO RI /%

PHGLXP FRQWDLQLQJ �� �J�PO DPSLFLOOLQ� DQG LQFXEDWHG DW �� �& RYHUQLJKW� 7KH

IROORZLQJ GD\� ��� PO RI WKLV FXOWXUH ZDV LQRFXODWHG LQWR ��� PO /% PHGLXP FRQ�

WDLQLQJ DPSLFLOOLQ DQG LQFXEDWHG DW �� �& ZLWK YLJRURXV VKDNLQJ IRU ��±�� K� 7KH

FHOOV ZHUH KDUYHVWHG E\ FHQWULIXJDWLRQ DW ���� î J IRU �� PLQ DW � �&� DQG WKH FHOO

SHOOHW ZDV UHVXVSHQGHG LQ ��� PO RI �� P0 7ULV�+&O� S+ ���� �� P0 ('7$� $Q

HTXDO YROXPH �� PO� RI ��� 1 1D2+� �� 6'6 ZDV DGGHG WR WKH FHOO VXVSHQVLRQ�

FDUHIXOO\ PL[HG DQG OHIW IRU �� PLQ LQFXEDWLRQ DW URRP WHPSHUDWXUH� )LYH PO RI ���� 0

SRWDVVLXP DFHWDWH EXIIHU� S+ ��� ZDV DGGHG WR WKH O\VDWH DQG WKH PL[WXUH ZDV YLJRU�

RXVO\ VKDNHQ DQG FHQWULIXJHG DW ������ î J IRU �� PLQ DW URRP WHPSHUDWXUH� 7KH VX�

SHUQDWDQW ZDV FOHDUHG E\ DOORZLQJ WR IORZ WKURXJK D ILOWHU SDSHU� WKHQ ��� YROXPH RI

LVRSURSDQRO ZDV DGGHG� WKH FRQWHQWV PL[HG ZHOO DQG OHW VWDQG DW URRP WHPSHUDWXUH

IRU � PLQ WR SUHFLSLWDWH QXFOHLF DFLGV� 7KH '1$ DQG 51$ LQ WKH SUHFLSLWDWH ZHUH UH�

FRYHUHG E\ FHQWULIXJDWLRQ IRU �� PLQ DW ������ î J DW URRP WHPSHUDWXUH DQG WKH SHOOHW

ZDV GLVVROYHG LQ � PO RI 7( EXIIHU ��� P0 7ULV� � P0 ('7$� S+ ����� 51$ ZDV

UHPRYHG E\ ULERQXFOHDVH $ WUHDWPHQW �6LJPD� �� PJ�PO� DW D ILQDO FRQFHQWUDWLRQ RI

�� �J�PO 51$VH� LQFXEDWHG IRU �� PLQ DW �� �&� 7KLV ZDV IROORZHG E\ DGGLWLRQ RI D

VROXWLRQ RI 0J&O� WR D ILQDO FRQFHQWUDWLRQ RI ��� 0� LQFXEDWLRQ IRU �� PLQ DW � �&�

DQG WKHQ FHQWULIXJDWLRQ IRU �� PLQ DW ������ î J DW � �&� 7KH VXSHUQDWDQW ZDV H[�

WUDFWHG ZLWK DQ HTXDO YROXPH RI SKHQRO DQG WKH DTXHRXV SKDVH ZDV UHPRYHG DIWHU

FHQWULIXJDWLRQ IRU �� PLQ DW ������ î J DW URRP WHPSHUDWXUH� 7KH SKHQRO SKDVH ZDV

WUHDWHG ZLWK ��� YROXPH RI 7( EXIIHU LQ D VLPLODU ZD\ DQG ERWK 7( SKDVHV FRQWDLQ�

LQJ WKH '1$ ZHUH FRPELQHG� H[WUDFWHG ZLWK FKORURIRUP�LVRDP\O DOFRKRO ��� � ��

DQG FHQWULIXJHG� 7KH XSSHU� DTXHRXV SKDVH ZDV UHPRYHG� PL[HG WKRURXJKO\ ZLWK DQ

HTXDO YROXPH RI FKORURIRUP DQG FHQWULIXJHG DV GHVFULEHG DERYH� 7KLV SURFHGXUH

ZDV SHUIRUPHG WZLFH� 7KH '1$ IURP WKH XSSHU SKDVH ZDV WKHQ SUHFLSLWDWHG E\

DGGLQJ � 0 VRGLXP DFHWDWH EXIIHU� S+ ���� WR D ILQDO FRQFHQWUDWLRQ RI ��� 0� IRO�

ORZHG E\ DGGLWLRQ RI � YROXPHV RI LFH�FROG HWKDQRO� 7KH FRQWHQWV ZHUH PL[HG ZHOO

DQG WKH WXEH NHSW DW ±���& IRU �� PLQ� 7KH '1$ ZDV FROOHFWHG E\ FHQWULIXJDWLRQ DW

������ î J IRU �� PLQ DW � �&� 7KH '1$ SHOOHW ZDV ZDVKHG WKURXJK WZR F\FOHV RI

FHQWULIXJDWLRQ LQ FROG ��� (W2+� DQG GLVVROYHG LQ 7( EXIIHU� 7KH '1$ ZDV IXUWKHU

SXULILHG RQ &V&O�(W%U JUDGLHQWV� WKH (W%U ZDV UHPRYHG E\ PXOWLSOH ��EXWDQRO H[�
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WUDFWLRQV� $IWHU D ��� î GLOXWLRQ ZLWK VWHULOH +�2� WKH '1$ ZDV (W2+�SUHFLSLWDWHG

DQG UHVXVSHQGHG LQ VWHULOH SKRVSKDWH EXIIHUHG VDOLQH �3%6� IRU LQMHFWLRQ� 7KH FRQ�

FHQWUDWLRQ DQG SXULW\ RI HDFK '1$ SUHSDUDWLRQ ZDV GHWHUPLQHG E\ WKH 2' �������

UDWLR ZKLFK ZDV LQ WKH UDQJH RI ���±����

$QLPDO LPPXQLVDWLRQ DQG FKDOOHQJH

,Q JHQH YDFFLQDWLRQ H[SHULPHQWV� RQH GD\ RU �±� ZHHN ROG� VSHFLILF SDWKR�

JHQ IUHH �63)� FKLFNHQV ZHUH XVHG� 7KURXJKRXW WKH H[SHULPHQWV� WKH FKLFNHQV

ZHUH PDLQWDLQHG LQ D VHSDUDWH LVRODWLRQ XQLW� 3DUWLFXODUO\ FUXFLDO LQ WKLV VHULHV RI

H[SHULPHQWV ZDV WR HQVXUH WKDW WKH FKLFNV XVHG IRU YDFFLQDWLRQ GLG QRW KDYH DQ\

SULRU H[SRVXUH WR ,%'9 DQG KDG QR DQWLERG\ WLWUHV DJDLQVW ,%'9 DQWLJHQV� &KLFN�

HQV ��±�� ELUGV�JURXS� ZHUH LQRFXODWHG ZLWK SODVPLG '1$� 7KH FRQWURO JURXS RI

FKLFNHQV UHFHLYHG RQO\ WKH SDUHQW SODVPLG� 7KH LQRFXODWLRQ ZDV SHUIRUPHG WZLFH

ZLWK DQ LQWHUYDO RI ��±�� GD\V� 7KURXJK WKH H[SHULPHQWDO SHULRG� QR ELUGV

VKRZHG DQ\ VLGH HIIHFWV� (DFK VLQJOH LPPXQLVDWLRQ ZDV SHUIRUPHG E\ ERWK LQWUD�

PXVFXODU DQG LQWUDSHULWRQHDO DGPLQLVWUDWLRQ RI WKH '1$� 2Q 'D\ �� RU �� DIWHU

WKH ERRVWLQJ LQRFXODWLRQ� WKH FKDOOHQJH H[SHULPHQW ZDV SHUIRUPHG E\ H\H�GURS�

LQIHFWLQJ WKH FKLFNHQV ZLWK ���±����� (,'�� RI YLUXOHQW ,%'9 VWUDLQ &9/ ������

DQG EORRG VDPSOHV ZHUH FROOHFWHG IURP WKH DQLPDOV� 6HUD REWDLQHG IURP WKH EORRG

VDPSOHV ZHUH KHDWHG WR �� �& IRU �� PLQ WR LQDFWLYDWH QRQ�VSHFLILF DQWLERGLHV DQG

DQDO\VHG IRU WKH SUHVHQFH RI ,%'9�VSHFLILF DQWLERGLHV LQ YLUXV QHXWUDOLVDWLRQ

�91� WHVW XVLQJ SULPDU\ 63) FKLFNHQ HPEU\R ILEUREODVW FHOOV DQG ���±���

7&,'�� YLUXOHQW *3 ,%'9 VWUDLQ� 7KH FKLFNHQV VXUYLYLQJ WKH FKDOOHQJH ZHUH

HXWKDQLVHG DQG EXUVDH ZHUH UHPRYHG � WR � GD\V SRVW FKDOOHQJH� 3URWHFWLRQ IURP

EXUVDO GLVHDVH ZDV HYDOXDWHG E\ PDFURVFRSLF DQG�RU KLVWRSDWKRORJLFDO H[DPLQD�

WLRQ RI WKH EXUVDH�

5HVXOWV

)RU YDFFLQDWLRQ H[SHULPHQWV� KLJKO\ SXULILHG '1$ LV QHHGHG EHFDXVH FRQ�

WDPLQDQW EDFWHULDO SRO\VDFFKDULGHV �3/6� PD\ FDXVH VHULRXV VLGH HIIHFWV LQ LPPX�

QLVHG DQLPDOV� 7R DFKLHYH WKDW� PRVW RI WKH FRQYHQWLRQDO PHWKRGV XVH HLWKHU WZR

FRQVHFXWLYH UXQV RI &V&O JUDGLHQW FHQWULIXJDWLRQ RU 4,$*(1 FROXPQV� 7KH ILUVW

PHWKRG LV WLPH FRQVXPLQJ� H[SHQVLYH DQG FDXVHV ORVV RI '1$� 7KH VHFRQG UHTXLUHV

FROXPQV WKDW DUH H[SHQVLYH DQG YDU\ LQ UHOLDELOLW\� :H KDYH GHYHORSHG D QHZ HIIHF�

WLYH SODVPLG SXULILFDWLRQ SURFHGXUH �VHH 0DWHULDOV DQG PHWKRGV� ZKLFK XVHV RQO\

RQH UXQ RI &V&O JUDGLHQW FHQWULIXJDWLRQ DQG DOORZV XV WR SXULI\ SODVPLG '1$ VXLW�

DEOH IRU YDFFLQDWLRQ� LQ WKH UDQJH ���±� PJ�OLWUH� IURP ���±� OLWUHV RI (� FROL EDFWHULDO

FXOWXUH� 7KH \LHOG RI WKH SODVPLG PDLQO\ GHSHQGHG RQ WKH PROHFXODU VWUXFWXUH VLQFH

FHUWDLQ SODVPLGV DOZD\V JDYH ORZHU \LHOG� 7KLV PHWKRG DFKLHYHV H[WHQVLYH SXULILFD�

WLRQ RI WKH '1$ IURP PRVW RI WKH 51$� SURWHLQV DQG 3/6 DW WKH EDFWHULDO FUXGH H[�
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WUDFW VWDJH� DQG VXEVHTXHQWO\ D VLQJOH &V&O JUDGLHQW XOWUDFHQWULIXJDWLRQ LV VXIILFLHQW

IRU REWDLQLQJ KLJKO\ SXULILHG� YDFFLQH�TXDOLW\ '1$� 7KH PHWKRG LV LQH[SHQVLYH DQG

FDQ HDVLO\ EH DGRSWHG LQ DQ\ ELRFKHPLFDO ODERUDWRU\� )RU H[SUHVVLRQ RI ,%'9 SUR�

WHLQV� D S:6� YHFWRU ZDV XVHG �)LJ� ��� 7R HYDOXDWH WKH HIILFDF\ RI JHQH LPPXQLVD�

WLRQ ZLWK YS� RU YS��YS��YS� JHQHV� RQH�GD\�ROG SDWKRJHQ�IUHH FKLFNHQV ZHUH LQ�

RFXODWHG ZLWK WKH FRUUHVSRQGLQJ SODVPLG '1$ WZLFH ZLWK DQ LQWHUYDO RI �� GD\V�

&KLFNV ZHUH GLYLGHG LQWR IRXU JURXSV DQG HDFK JURXS ZDV YDFFLQDWHG ZLWK RQH RI

WKH IRXU SODVPLGV� L�H�� S:*3�� S/93�� S/93��� RU S:6�� 7KH LPPXQLVDWLRQ ZDV

SHUIRUPHG E\ WKH LQWUDPXVFXODU ��� �J� DQG LQWUDSHULWRQHDO ��� �J� DGPLQLVWUDWLRQV

RI D WRWDO RI ��� �J '1$ SHU FKLFNHQ� 2Q 'D\ �� DIWHU WKH VHFRQG LQMHFWLRQ RI D WR�

WDO RI ��� �J '1$ �ERRVW�� WKH FKDOOHQJH H[SHULPHQW ZDV SHUIRUPHG�

7DEOH �� ([SHULPHQW � VKRZV WKDW YDFFLQDWLRQ ZLWK WKH FRQWURO SODVPLG S:6�

DQG S:*3� SURGXFHG QR PHDVXUDEOH DQWLERGLHV� 2QO\ WZR FKLFNHQV LPPXQLVHG ZLWK

S/93� ZHUH IRXQG WR VKRZ LPPXQH UHVSRQVH LQ 91 DVVD\� KRZHYHU� WKH EXUVD RI DOO

LPPXQLVHG FKLFNHQV VKRZHG PDFURVFRSLF VLJQV RI GLVHDVH DIWHU WKH FKDOOHQJH� 9DFFL�

QDWLRQ ZLWK S/93��� JDYH SRVLWLYH UHVXOWV� RQH RXW RI � ELUGV DFTXLUHG SURWHFWLRQ

DJDLQVW EXUVDO OHVLRQV� DQG IRXU ELUGV KDG D SRVLWLYH LPPXQH UHVSRQVH PHDVXUHG LQ WKH

91 WHVW� 7KH UHVXOWV RI WKLV H[SHULPHQW LQGLFDWHG WKDW IRU JHQH YDFFLQDWLRQ RI FKLFNHQV

WKH SODVPLG FRQVWUXFW S/93��� H[SUHVVLQJ 93��93��93� SRO\SURWHLQ LV PRUH HIIHF�

WLYH FRPSDUHG ZLWK SODVPLGV �S/93�� S:*3�� H[SUHVVLQJ RQO\ 93� DQWLJHQ�

In the subsequent experiment, vaccine efficacy of the improved construct,
pLVP5, expressing VP2-VP4-VP3 polyprotein was evaluated in 4-week-old SPF
chickens (Table 1, Experiment 2). Birds received either 15.6 or 150 �g DNA by
two routes of administration as described above. Nine out of 14 birds (64%) in the
group of chickens injected with 150 �g DNA showed antibody response to vari-
ous extents, and three birds (21%) of this group were fully protected against viral
infection as shown by histopathological examination. In addition, two birds
showed signs of partial protection, but one of them, although having developed
antibodies of high titre, was found to have mild macroscopic and clear histopa-
thological bursal lesions. Vaccination with 2 × 15 �g DNA was less effective.
Eight out of 25 vaccinated birds (32%) showed antibody response and three of
them were protected (12%). None of the control birds contained IBDV-specific
antibody, nor were any protected against infection.

7R LPSURYH WKH HIILFDF\ RI LPPXQLVDWLRQ� ZH LQFUHDVHG WKH WRWDO DPRXQW RI JHQH

YDFFLQH WR ��� �J '1$ SHU ELUG� ,Q D VLQJOH LPPXQLVDWLRQ� DQ LQWUDPXVFXODU ���� �J�

DQG DQ LQWUDSHULWRQHDO ���� �J� DGPLQLVWUDWLRQ ZDV SHUIRUPHG ZLWK D WRWDO RI ��� �J

'1$ SHU FKLFNHQ� DQG DW WKH ERRVW VWHS� WKH LQMHFWLRQ RI WKLV DPRXQW ZDV UHSHDWHG� 7KH

GDWD SUHVHQWHG LQ 7DEOH �� ([SHULPHQW � VKRZ WKDW LQRFXODWLRQ RI WKUHH�ZHHN�ROG 63)

FKLFNHQV ZLWK WKH S/93� DW 'D\ �� LQGXFHG VHURFRQYHUVLRQ LQ VL[ ELUGV ������ IRXU RI

ZKLFK ����� DFTXLUHG IXOO SURWHFWLRQ DJDLQVW YLUXOHQW ,%'9� ,Q FRQWURO H[SHULPHQWV ZLWK

S:6� SODVPLG DQG 3%6� FKLFNHQV SURGXFHG QR LPPXQH UHVSRQVH DQG SURWHFWLRQ�
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)LJ� �� 0DSV RI H[SUHVVLRQ SODVPLGV� $OO ILYH SODVPLGV DUH GHULYHG IURP S:6� DQG FRQWDLQ UHJX�

ODWRU\ HOHPHQWV RI &09� DGHQRYLUXV DQG 69��� S/93�� S:*3� DQG S:93� H[SUHVV 93��

S/93��� DQG S/93� H[SUHVV D 93��93��93� SRO\SURWHLQ
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7DEOH �

*HQH YDFFLQDWLRQ RI FKLFNHQV

%XUVDO OHVLRQV

0DFURVFRSLF

SRV��QHJ�
+LVWRSDWK�

([SHULPHQW �


S6:� �� ��� ���� QG � ���

S:*3� �� ��� ���� QG � ���

S/93� � ��� ��� QG � ���

��� QG ������� ����

S/93��� � ��� ��� QG � ���

��� QG ���� ����� �����

��� ± �����

QY FRQWURO �� ± ���� QG � ���

([SHULPHQW �


S/93� �� ���� ���� QG � ����

��� QG ����� ����� ����

����� ����

��� ± ����� �����

� � ± ���� ���

S/93� �� ��� ��� QG � ����

��� QG ����

��� � ����

��� ± ������ �����

��� ± �����

� � � � �����

� � � �������

S:93� �� ��� ���� � � ����

QY FRQWURO �� ± ���� QG � ���

([SHULPHQW �


3/93� �� ��� QG � ± ≤ ��� �����

� � ���±� ≤ ��� ≤ ���
� � ≤ ��� ������

� ± ≤ ��� �����

� � ���� �����

� ± ≤ ��� �����

� ± ���� �����

� � ≤ ��� ≤ ���
S:6� � ��� QG � ≤ ��� ≤ ���
3%6 � ��� QG � ≤ ��� ≤ ���


2QH�GD\�ROG FKLFNHQV ZHUH LPPXQLVHG� &KDOOHQJH H[SHULPHQW ZDV SHUIRUPHG RQ 'D\ �� DIWHU VHFRQG LPPX�

QLVDWLRQ� ZLWK ���� (,'�� RI ,%'9� VWUDLQ &9/ ������

)RXU�ZHHN�ROG FKLFNHQV ZHUH LPPXQLVHG� 7KH FKDO�

OHQJH H[SHULPHQW ZDV SHUIRUPHG RQ 'D\ �� DIWHU WKH VHFRQG LPPXQLVDWLRQ� ZLWK ��� (,'�� RI ,%'9� VWUDLQ

&9/������

7KUHH�ZHHN�ROG FKLFNHQV ZHUH LPPXQLVHG� 91 WHVW ZDV SHUIRUPHG RQ 'D\V � DQG �� DIWHU WKH

VHFRQG LPPXQLVDWLRQ XVLQJ ��� 7&,'�� RI ,%'9� &KDOOHQJH H[SHULPHQW ZDV SHUIRUPHG RQ 'D\ �� DIWHU WKH

VHFRQG LPPXQLVDWLRQ� ZLWK ���� (,' RI ,%'9� VWUDLQ &9/������ QY FRQWURO  QRQ�YDFFLQDWHG FRQWURO� QG  

QRW GRQH� ±  QHJ�� SURWHFWLRQ� �  SRV�� ODFN RI SURWHFWLRQ� �  SDUWLDO SURWHFWLRQ

91 WHVW
'1$�FKLFNHQ

��J�
1XPEHU RI

ELUGV
3ODVPLG
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'LVFXVVLRQ

,Q WKLV ZRUN� ZH LQYHVWLJDWHG WKH HIILFDF\ RI SURWHFWLRQ LQGXFHG DJDLQVW LQ�

IHFWLRXV EXUVDO GLVHDVH LQ FKLFNHQV E\ D '1$ YDFFLQH� :H XVHG WKH EDFWHULDO H[�

SUHVVLRQ SODVPLG S:6� IRU H[SUHVVLRQ RI ,%'9 JHQHV� VLQFH WKH VWUXFWXUDO IHD�

WXUHV RI WKLV SODVPLG KDYH EHHQ VKRZQ WR LQFUHDVH WKH HIILFLHQF\ RI JHQH H[SUHV�

VLRQ LQ D PDPPDOLDQ FHOO OLQH E\ XS WR ���IROG FRPSDUHG WR VWDQGDUG &09�EDVHG

YHFWRUV� )RU YDFFLQDWLRQ H[SHULPHQWV� ZH XVHG KLJKO\ SXULILHG '1$ WR HQVXUH WKDW

UHVLGXDO SRO\VDFFKDULGH FRQWDPLQDQWV GR QRW FDXVH VHULRXV VLGH HIIHFWV LQ WKH LP�

PXQLVHG DQLPDOV� 7KH FLUFXODU IRUP RI SODVPLG '1$ ZDV XVHG LQ DOO RXU H[SHUL�

PHQWV VLQFH� LQ FRQWUDVW WR UHFHQWO\ SXEOLVKHG GDWD RQ FKLFNHQ YDFFLQDWLRQV

�6DNDJXFKL HW DO�� ������ WKH LPPXQLVDWLRQ HIILFDF\ RI WKH OLQHDU IRUP RI ,%'9

'1$ ZDV VLJQLILFDQWO\ ORZHU �GDWD QRW VKRZQ��

In a separate study, we observed that the combination of intramuscular and
intraperitoneal routes of administration produces greater efficacy of gene immuni-
sation (data not shown). Further increase in the efficacy of immunisation has been
achieved by a repeat (boost) inoculation with an interval of two weeks, and by the
vaccination of three-week-old chickens. The level of gene vaccination efficacy of
one-day-old chickens was found to be less effective.

'XH WR JUHDW JHQHWLF KHWHURJHQHLW\ LQ WKH 93� JHQH HQFRGLQJ WKH LPPXQR�

GRPLQDQW DQWLJHQ DPRQJ ,%'9 VWUDLQV �9DNKDULD HW DO�� ����� -DFNZRRG DQG

6RPPHU� ������ ZH KDYH FORQHG DQG VHTXHQFHG WKH YS� JHQH IURP VWUDLQ *3��

�WR EH SXEOLVKHG�� 6XUSULVLQJO\� QHLWKHU RI WKH SODVPLGV S:*3� RU S/93�� H[�

SUHVVLQJ *3�� RU '�� 93�� UHVSHFWLYHO\� FRQIHUUHG PDUNHG LPPXQH UHVSRQVH DQG

SURWHFWLRQ LQ FKLFNHQV� 5HODWLYHO\ ORZ OHYHO RI V\QWKHVL]HG DQWLJHQ LQGXFHG E\ WKH

SODVPLG LQ D WUDQVLHQW H[SUHVVLRQ V\VWHP DQG ODFN RI H[SRVHG FRQIRUPDWLRQ GH�

SHQGHQW HSLWRSHV PD\ EH WKH H[SODQDWLRQ IRU LQHIILFLHQW YDFFLQDWLRQ ZLWK 93��

H[SUHVVLQJ SODVPLGV� +RZHYHU� SRO\SURWHLQ 93��93��93� WXUQHG RXW WR EH D

EHWWHU LPPXQRJHQ �7DEOH �� ([SHULPHQW ��� (DUOLHU� LW ZDV VKRZQ WKDW 93� ZDV D

PDMRU KRVW�SURWHFWLYH DQWLJHQ RI ,%'9 DQG WKH UHFRPELQDQW 93� FRXOG LQGXFH

SURWHFWLYH LPPXQLW\ LQ FKLFNHQV �%D\OLVV HW DO�� ����� +HLQH DQG %R\OH� ������

DOWKRXJK WKH OHYHO RI YDFFLQDWLRQ HIILFDF\ �SURWHFWLRQ LQ �� ZDV ORZ� %HWWHU 93��

PHGLDWHG SURWHFWLRQ DJDLQVW PRUWDOLW\ DQG EXUVDO OHVLRQV ZDV UHFHQWO\ REVHUYHG LQ

FKLFNHQV E\ WKH XVH RI 93��H[SUHVVLQJ UHFRPELQDQW KHUSHVYLUXV �'DUWHLO HW DO��

����� DQG DGHQRYLUXV �6KHSSDUG HW DO�� ������ ,W LV QRWHZRUWK\ WKDW WKH KRVW�

SURWHFWLYH HSLWRSHV LQ 93� DUH KLJKO\ FRQIRUPDWLRQ GHSHQGHQW DQG FRUUHFW IROGLQJ

LV LPSRUWDQW WR JHQHUDWH D SURWHFWLYH LPPXQH UHVSRQVH �$]DG HW DO�� ������ 7KH

FRUUHFW SURFHVVLQJ RI UHFRPELQDQW SUHFXUVRU LQ FKLFNHQ FHOOV ZDV VKRZQ SUHYL�

RXVO\ �+HLQH DQG %R\OH� ������ ,W PD\ EH WKDW LQ WKH FHOO WKH IUHVKO\ FOHDYHG 93�

IURP WKH SRO\SURWHLQ 93��93��93� KDV D PRUH RSWLPDO FRQIRUPDWLRQ RI WKH LP�

PXQRGRPLQDQW HSLWRSHV� $QRWKHU LQWULJXLQJ SRVVLELOLW\ LV WKDW WKH SRO\SURWHLQ PD\
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EH HQKDQFLQJ WKH WRWDO DQWLJHQLF FDSDFLW\ RI WKH LQSXW YDFFLQH LQ DQ LPSRUWDQW ZD\�

VLQFH WKH WZR PDMRU VWUXFWXUDO SURWHLQV RI WKH YLULRQ� 93� DQG 93�� UHVXOWLQJ IURP

VHOI�SURFHVVLQJ RI WKH ��� N'D SRO\SURWHLQ� PD\ IRUP YLUXV�OLNH SDUWLFOHV RI VLJ�

QLILFDQWO\ JUHDWHU LPPXQRJHQLFLW\ WKDQ WKDW RI WKH VROXEOH VLQJOH SURWHLQ� 93�� ,Q

DGGLWLRQ� 93� PD\ KDYH FRQWULEXWHG WR WKH LPPXQH UHVSRQVH RI FKLFNHQV VLQFH

93� LV FRQVLGHUHG WR EH D JURXS�VSHFLILF DQWLJHQ� 8VLQJ IRZOSR[ YLUXV�YHFWRUHG

93��93��93� SRO\SURWHLQ� RWKHU DXWKRUV IDLOHG WR GHPRQVWUDWH VHURFRQYHUVLRQ

DQG SURWHFWLRQ LQ ELUGV� DOWKRXJK WKH UHFRPELQDQW SUHFXUVRU SRO\SHSWLGH VHOI�

SURFHVVHG �+HLQH DQG %R\OH� ������

,Q LPPXQLVHG FKLFNHQV� GLUHFW FRUUHODWLRQ ZDV IRXQG EHWZHHQ WKH WLWUH RI

,%'9�VSHFLILF �93�� DQWLERG\ DQG SURWHFWLRQ� DQG ELUGV ZLWK DQWLERG\ WLWUHV RI DW

OHDVW ���� WR ����� LQ WKH 91 WHVW ZHUH SURWHFWHG �1DNDPXUD HW DO�� ������ ,Q RXU H[�

SHULPHQWV� DOO SURWHFWHG ELUGV KDG HOHYDWHG WLWUHV RI ,%'9�VSHFLILF DQWLERGLHV� +RZ�

HYHU� 7DEOH �� ([SHULPHQW � VKRZV WKDW DW ORZ '1$ GRVDJH� WKHUH LV VRPH SURWHFWLRQ

LQ WHUPV RI FLUFXODWLQJ DQWLERGLHV� EXW LW LV QRW HQRXJK LQ PRVW LQVWDQFHV WR SUHYHQW

EXUVDO OHVLRQV� 2Q WKH RWKHU KDQG� 7DEOH �� ([SHULPHQW � VKRZV WKDW DW D KLJK LQSXW

GRVDJH� WKHUH LV JRRG SURWHFWLRQ DQG EXUVDO OHVLRQV DUH ODUJHO\ SUHYHQWHG� 2QH SRVVL�

ELOLW\ LV WKDW '1$ GHOLYHU\ LV QRW HIILFLHQW HQRXJK� &DWLRQLF OLSRVRPH�PHGLDWHG JHQH

WUDQVIHU WHFKQLTXH �*DR DQG +XDQJ� ����� FRXOG EH DQ DSSURDFK WR LQFUHDVH WKH HI�

IHFWLYHQHVV RI '1$ GHOLYHU\ DQG GHFUHDVH WKH DPRXQW RI '1$ YDFFLQH QHHGHG IRU

LQGXFWLRQ RI HIIHFWLYH SURWHFWLRQ ZLWK '1$ RI WKH UDQJH RI �±�� �J�ELUG� 5HFHQWO\�

WKLV VWUDWHJ\ ZDV XVHG IRU YDFFLQDWLRQ RI ELUGV DJDLQVW 1HZFDVWOH GLVHDVH �6DNDJXFKL

HW DO�� ������ +RZHYHU� VRPH RWKHU IDFWRUV PD\ DOVR SOD\ D UROH� H�J�� GHJUDGDWLRQ RI

LQSXW '1$ RU SURWHLQ SURGXFWV� VR WKDW LQ 7DEOH �� ([SHULPHQW �� QRW HQRXJK DQWL�

JHQ FRQFHQWUDWLRQ ZDV PDLQWDLQHG IRU D VXVWDLQHG HIIHFW ZKLFK FRXOG KDYH SUHYHQWHG

EXUVDO OHVLRQV� ZKLOH DW D KLJK LQSXW GRVDJH �7DEOH �� ([SHULPHQW �� D KLJK HQRXJK

GRVH RI LPPXQRJHQV ZDV DYDLODEOH IRU D ORQJHU WLPH� 6XUSULVLQJO\� WKUHH FKLFNHQV� LQ

VSLWH RI D KLJK DQWLERG\ UHVSRQVH RI WKH UDQJH ����� ± ������� �7DEOH �� ([SHUL�

PHQWV � DQG ��� ZHUH QRW SURWHFWHG IURP WKH GLVHDVH� ,Q WKLV FRQWH[W� DGGLWLRQDO

VWXGLHV DUH QHHGHG WR LQYHVWLJDWH WKH UROH RI FHOOXODU LPPXQH UHVSRQVH LQ SURWHFWLYH

LPPXQLVDWLRQ DJDLQVW ,%'�

2XU UHSRUW LV WKH ILUVW GHPRQVWUDWLRQ RI SURWHFWLRQ RI FKLFNHQV IURP LQIHF�

WLRXV EXUVDO GLVHDVH E\ D '1$ YDFFLQH� 7KH UHVXOWV UHSRUWHG LQ WKLV SDSHU LQGLFDWH

WKDW '1$ YDFFLQDWLRQ� WKH HIILFDF\ RI ZKLFK KDV EHHQ UHSRUWHG RQO\ LQ DYLDQ LQ�

IOXHQ]D �5RELQVRQ HW DO�� ����� DQG 1HZFDVWOH GLVHDVH �6DNDJXFKL HW DO�� ������ LV

DOVR DSSOLFDEOH IRU LQIHFWLRXV EXUVDO GLVHDVH RI FKLFNHQV DQG PD\ KDYH EURDG DS�

SOLFDWLRQ WR RWKHU DYLDQ GLVHDVHV�
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$FNQRZOHGJHPHQWV

7KLV ZRUN ZDV VXSSRUWHG LQ SDUW XQGHU *UDQW 1R� +51������*������������ 3URM�

HFW ������(� 3URJUDP LQ 6FLHQFH DQG 7HFKQRORJ\ &R�RSHUDWLRQ� 2IILFH RI WKH 6FLHQFH

$GYLVRU� 8� 6� $JHQF\ IRU ,QWHUQDWLRQDO 'HYHORSPHQW� DQG E\ WKH 1DWLRQDO 2IILFH IRU

7HFKQLFDO 'HYHORSPHQW �20)%�� +XQJDU\�

5HIHUHQFHV

$]DG� $� $�� 0F.HUQ� 1� 0�� 0DFUHDGLH� ,� *�� )DLOOD� 3�� +HLQH� +�*�� &KDSPDQ� $� -�� :DUG� &� :�

DQG )DKH\� .� -� ������� 3K\VLRFKHPLFDO DQG LPPXQRORJLFDO FKDUDFWHUL]DWLRQ RI UHFRPELQDQW

KRVW�SURWHFWLYH DQWLJHQ �93�� RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV� 9DFFLQH �� ���±����

%D\OLVV� &� '�� 3HWHUV� 5� :�� &RRN� .� $�� 5HHFH� 5� /�� +RZHV� .�� %LQQV� 0� 0� DQG %RXUVQHOO�

0� (� *� ������� $ UHFRPELQDQW IRZOSR[ YLUXV WKDW H[SUHVVHV WKH 93� DQWLJHQ RI LQIHFWLRXV

EXUVDO GLVHDVH YLUXV LQGXFHV SURWHFWLRQ DJDLQVW PRUWDOLW\ FDXVHG E\ WKH YLUXV� $UFK� 9LURO�

���� ���±����

%D\OLVV� &� '�� 6SLHV� 8�� 6KDZ� .�� 3HWHUV� 5� :�� 3DSDJHRUJLRX� $�� 0XOOHU� +� DQG %RXUVQHOO� 0� (�

*� ������� $ FRPSDULVRQ RI WKH VHTXHQFHV RI VHJPHQW $ RI IRXU LQIHFWLRXV EXUVDO GLVHDVH YLUXV

VWUDLQV DQG LGHQWLILFDWLRQ RI D YDULDEOH UHJLRQ LQ 93�� -� *HQ� 9LURO� ��� ����±�����

%HFKW� +�� 0XOOHU� +� DQG 0XOOHU� +� .� ������� &RPSDUDWLYH VWXGLHV RQ VWUXFWXUDO DQG DQWLJHQLF

SURSHUWLHV RI WZR VHURW\SHV RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV� -� *HQ� 9LURO� ��� ���±����

%URZQ� 0� '� DQG 6NLQQHU� 0� $� ������� &RGLQJ VHTXHQFHV RI ERWK JHQRPH VHJPHQWV RI D (XUR�

SHDQ µYHU\ YLUXOHQW¶ LQIHFWLRXV EXUVDO GLVHDVH YLUXV� 9LUXV 5HV� ��� �±���

%XUNKDUGW� (� DQG 0XOOHU� +� ������� 6XVFHSWLELOLW\ RI FKLFNHQ EORRG O\PSKREODVWV DQG PRQRF\WHV

WR LQIHFWLRXV EXUVDO GLVHDVH YLUXV �,%'9�� $UFK� 9LURO� ��� ���±����

'DUWHLO� 5�� %XEORW� 0�� /DSODFH� (�� %RXTXHW� -� )�� $XGRQQHW� -� &� DQG 5LYLHUH� 0� �������

+HUSHVYLUXV RI WXUNH\ UHFRPELQDQW YLUXVHV H[SUHVVLQJ LQIHFWLRXV EXUVDO GLVHDVH YLUXV

�,%'9� 93� LPPXQRJHQ LQGXFH SURWHFWLRQ DJDLQVW DQ ,%'9 YLUXOHQW FKDOOHQJH LQ FKLFN�

HQV� 9LURORJ\ ���� ���±����

'RERV� 3�� +LOO� %� -�� +DOOHW� 5�� .HOOV� '� 7� &�� %HWFK� +� DQG 7HQLQJHV� '� 7� ������� %LRSK\VLFDO

DQG ELRFKHPLFDO FKDUDFWHUL]DWLRQ RI ILYH DQLPDO YLUXVHV ZLWK ELVHJPHQWHG GRXEOH�VWUDQGHG

51$ JHQRPHV� -� 9LURO� ��� ���±����

)HQQHU� )� -�� 3DXO� (�� *LEEV� -�� 0XUSK\� )� $�� 5RWW� 5�� 6WXGGHUW� 0� -� DQG :KLWH� '� 2� �������

9HWHULQDU\ 9LURORJ\ �VHFRQG HGLWLRQ�� $FDGHPLF 3UHVV� 1HZ <RUN� SS� ���±����

)HUQDQGH]�$ULDV� $�� 0DUWLQH]� 6� DQG 5RGULJXH]� -� )� ������� 7KH PDMRU DQWLJHQLF SURWHLQ RI LQ�

IHFWLRXV EXUVDO GLVHDVH YLUXV� 93�� LV DQ DSRSWRWLF LQGXFHU� -� 9LURO� ��� ����±�����

*DR� ;� DQG +XDQJ� /� ������� &DWLRQLF OLSRVRPH�PHGLDWHG JHQH WUDQVIHU� *HQH 7KHUDS\ �� ���±����

+HLQH� +� *� DQG %R\OH� '� %� ������� ,QIHFWLRXV EXUVDO GLVHDVH YLUXV VWUXFWXUDO SURWHLQ 93� H[�

SUHVVHG E\ D IRZOSR[ YLUXV UHFRPELQDQW FRQIHUV SURWHFWLRQ DJDLQVW GLVHDVH LQ FKLFNHQV�

$UFK� 9LURO� ���� ���±����

+HLQH� +� *�� +DULWRX� 0�� )DLOOD� 3�� )DKH\� .� DQG $]DG� $� ������� 6HTXHQFH DQDO\VLV DQG H[�

SUHVVLRQ RI WKH KRVW�SURWHFWLYH LPPXQRJHQ 93� RI D YDULDQW VWUDLQ RI LQIHFWLRXV EXUVDO GLV�

HDVH YLUXV ZKLFK FDQ FLUFXPYHQW YDFFLQDWLRQ ZLWK VWDQGDUG W\SH , VWUDLQV� -� *HQ� 9LURO� ���

����±�����

+XGVRQ� 3� -�� 0F.HUQ� 1� 0�� 3RZHU� %� (� DQG $]DG� $� $� ������� *HQRPLF VWUXFWXUH RI WKH

ODUJH 51$ VHJPHQW RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV� 1XFOHLF $FLGV 5HV� ��� ����±�����
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$FWD 9HWHULQDULD +XQJDULFD ��� ����

-DFNZRRG� '� -� DQG 6RPPHU� 6� (� ������� *HQHWLF KHWHURJHQHLW\ LQ WKH 93� JHQH RI LQIHFWLRXV

EXUVDO GLVHDVH YLUXVHV GHWHFWHG LQ FRPPHUFLDOO\ UHDUHG FKLFNHQV� $YLDQ 'LV� ��� ���±����

-DJDGLVK� 0� 1�� 6WDWRQ� 9� -�� +XGVRQ� 3� -� DQG $]DG� $� $� ������� %LUQDYLUXV SUHFXUVRU SRO\�

SURWHLQ LV SURFHVVHG LQ (VFKHULFKLD FROL E\ LWV RZQ YLUXV�HQFRGHG SRO\SHSWLGH� -� 9LURO� ���

����±�����

.LEHQJH� )� 6� %�� 'KLOORQ� $� 6� DQG 5XVVHOO� 5� *� ������� %LRFKHPLVWU\ DQG LPPXQRORJ\ RI LQ�

IHFWLRXV EXUVDO GLVHDVH YLUXV �UHYLHZ DUWLFOH�� -� *HQ� 9LURO� ��� ����±�����

/�WWLFNHQ� '� �������9LUDO GLVHDVHV RI WKH LPPXQH V\VWHP DQG VWUDWHJLHV WR FRQWURO LQIHFWLRXV EXU�

VDO GLVHDVH E\ YDFFLQDWLRQ� $FWD 9HW� +XQJ� ��� ���±����

0DFUHDGLH� ,� *�� 9DXJKDQ� 3� 5�� &KDSPDQ� $� -�� 0F.HUQ� 1� 0�� -DJDGLVK� 0� 1�� +HLQH� +�*��

:DUG� &� :�� )DKH\� .� -� DQG $]DG� $� $� ������� 3DVVLYH SURWHFWLRQ DJDLQVW LQIHFWLRXV

EXUVDO GLVHDVH YLUXV E\ YLUDO 93� H[SUHVVHG LQ \HDVW� 9DFFLQH �� ���±����

0LFKHO� 0�/� ������� '1$�PHGLDWHG LPPXQL]DWLRQ� SURVSHFWV IRU KHSDWLWLV % YDFFLQDWLRQ� 5HV� 9L�

URO� ���� ���±����

0XOOHU� +� ������� 5HSOLFDWLRQ RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV LQ O\PSKRLG FHOOV� $UFK� 9LURO� ���

���±����

1DNDPXUD� 7�� 2WDNL� <�� /LQ� =�� 1XQR\D� 7�� +RVKL� 6� DQG .DWR� $� ������� 'LUHFW FRUUHODWLRQ

EHWZHHQ WKH WLWHU RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV 93��VSHFLILF DQWLERG\ DQG SURWHFWLRQ�

$YLDQ 'LV� ��� ���±����

3LWFNRYVNL� -�� 'L &DVWUR� '�� 6KDDOWLHO� <�� $]ULHO� $�� *XWWHU� %�� <DUNRQL� (�� 0LFKDHO� $�� .ULVSHO�

6� DQG /HYL� %� =� ������� ,QVHFW�FHOO�GHULYHG 93� RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV FRQ�

IHUV SURWHFWLRQ DJDLQVW WKH GLVHDVH LQ FKLFNHQV� $YLDQ 'LV� ��� ���±����

5RELQVRQ� +� /�� +XQW� /� $� DQG :HEVWHU� 5� *� ������� 3URWHFWLRQ DJDLQVW D OHWKDO LQIOXHQ]D YLUXV

FKDOOHQJH E\ LPPXQL]DWLRQ ZLWK D KDHPDJJOXWLQLQ�H[SUHVVLQJ SODVPLG '1$� 9DFFLQH ���

���±����

6DNDJXFKL� 0�� 1DNDPXUD� +�� 6RQRGD� .�� +DPDGD� )� DQG +LUDL� .� ������� 3URWHFWLRQ RI FKLFN�

HQV IURP 1HZFDVWOH GLVHDVH E\ YDFFLQDWLRQ ZLWK D OLQHDU SODVPLG '1$ H[SUHVVLQJ WKH )

SURWHLQ RI 1HZFDVWOH GLVHDVH YLUXV� 9DFFLQH ��� ���±����

6DPEURRN� -�� )ULWVFK� (� )� DQG 0DQLDWLV� 7� ������� 0ROHFXODU &ORQLQJ� $ /DERUDWRU\ 0DQXDO�

&ROG 6SULQJ +DUERU /DERUDWRU\� &ROG 6SULQJ +DUERU� /RQJ ,VODQG� 1<�

6KHD\� :�� 1HOVRQ� 6�� 0DUWLQH]� ,�� &KX� 7�+� 7�� %KDWLD� 6� DQG 'RUQEXUJ� 5� ������� 'RZQ�

VWUHDP LQVHUWLRQ RI WKH DGHQRYLUXV WULSDUWLWH OHDGHU VHTXHQFH HQKDQFHV H[SUHVVLRQ LQ XQLYHU�

VDO HXNDU\RWLF YHFWRUV� %LRWHFKQLTXHV ��� ���±����

6KHSSDUG� 0�� :HUQHU� :�� 7VDWDV� (�� 0F&R\� 5�� 3URZVH� 6� DQG -RKQVRQ� 0� ������� )RZO DGH�

QRYLUXV UHFRPELQDQW H[SUHVVLQJ 93� RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV LQGXFHG SURWHFWLYH

LPPXQLW\ DJDLQVW EXUVDO GLVHDVH� $UFK� 9LURO� ���� ���±����

7DQLPXUD� 1� DQG 6KDUPD� -� 0� ������� ,Q�VLWX DSRSWRVLV LQ FKLFNHQV LQIHFWHG ZLWK LQIHFWLRXV EXU�

VDO GLVHDVH YLUXV� -� &RPS� 3DWKRO� ���� ��±���

7KDP� .� 0� DQG 0RRQ� &� '� ������� $SRSWRVLV LQ FHOO FXOWXUHV LQGXFHG E\ LQIHFWLRXV EXUVDO GLV�

HDVH YLUXV IROORZLQJ LQ YLWUR LQIHFWLRQ� $YLDQ 'LV� ��� ���±����

9DNKDULD� 9� 1�� $KPHG� %� DQG +H� -� ������� 8VH RI SRO\PHUDVH FKDLQ UHDFWLRQ IRU HIILFLHQW

FORQLQJ RI GV51$ VHJPHQWV RI LQIHFWLRXV EXUVDO GLVHDVH YLUXV� $YLDQ 'LV� ��� ���±����

9DNKDULD� 9� 1�� +H� -�� $KPHG� %� DQG 6Q\GHU� '� %� ������� 0ROHFXODU EDVLV RI DQWLJHQLF YDULD�

WLRQ LQ LQIHFWLRXV EXUVDO GLVHDVH YLUXV� 9LUXV 5HV� ��� ���±����

9DVFRQFHORV� $� &� DQG /DP� .� 0� ������� $SRSWRVLV LQ FKLFNHQ HPEU\RV LQGXFHG E\ WKH LQIHF�

WLRXV EXUVDO GLVHDVH YLUXV� -� &RPS� 3DWKRO� ���� ���±����


