
,UDQLDQ�-RXUQDO�RI�9LURORJ\����8�� 2�(1&2)
©2008, Iranian Society for Virology

,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8       6

*(1(7,&�'5,)76�,1�3.5�(,)�ù 3+263+25</$7,21�+202/2*<�'20$,1�5(*,21�,1�,5$1,$1�+&9�326,7,9(�3$7,(176�'85,1*�,17(5)(521�7+(5$3<
0DU\DP�+RQDUGRRVW� �)DU]DQHK�6DEDKL��
DPDG�$PLQL�%DYLO�2O\DHH��)DULGD�%HK]DGLDQ��6KDKLQ�0HUDW���5H]D�0DOHN]DGHK�

�'HSDUWPHQW�RI�9LURORJ\��)DFXOW\�RI�0HGLFDO�6FLHQFHV��7DUELDW�0RGDUHV�8QLYHUVLW\��7HKUDQ��,UDQ�%LRWHFKQRORJ\�'HSDUWPHQW��3DVWHXU�,QVWLWXWH�RI�,UDQ��7HKUDQ��,UDQ�'LJHVWLYH�GLVHDVHV�UHVHDUFK�&HQWHU��6KDULDWL�+RVSLWDO��7HKUDQ��,UDQ�
$EVWUDFW��+HSDWLWLV�&� YLUXV� �+&9� HQYHORSH�JO\FRSURWHLQ���FRXOG�EORFN�H,)��SKRVSKRU\ODWLRQ�ZLWK�3.5� VXSSUHVVLRQ� DQG� LQ� WKLV�ZD\�VWRSV� ,)1� SDWKZD\� DFWLYDWLRQ� YLD� KRPRORJ\�GRPDLQ�ZLWK�SKRVSKRU\ODWLRQ�VLWH�RI�H,)��3.5��3H3+'��LQ�LWV�&� WHUPLQDO��,Q�VRPH�VWXGLHV���PXWDWLRQV�LQ�3H3+'�UHJLRQ�KDYH�EHHQ�VKRZQ�WR�EH�DVVRFLDWHG�ZLWK�VXVWDLQHG�UHVSRQVH�WR�,)1��3UHVHQW�VWXG\�H[DPLQHG�WKH� JHQHWLF� YDULDELOLW\� RI� WKH� 3H3+'� LQ� SDWLHQWV� UHFHLYLQJ� ,)1� WKHUDS\�7KH� 3H3+'� IURP� +&9�JHQRW\SH��D��E�LQIHFWHG�SDWLHQWV�UHFHLYLQJ�,)1�ZDV�DPSOLILHG�E\�UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��57�3&5��DQG�DQDO\]HG�XVLQJ�ELGLUHFWLRQDO�VHTXHQFLQJ��7KH�3H3+'�VHTXHQFH�ZDV�GLIIHUHQW�LQ�SUHWUHDWPHQW�LVRODWHV�IURP�WKDW�RI�WKUHH�PRQWKV�WUHDWHG�SDWLHQWV� 7KH�VHTXHQFLQJ�GDWD�ZHUH�DQDO\]HG�E\�&OXVWDO�;��0(*$�DQG�%LR�(GLW�VRIW�ZDUHV�7KH�ILQGLQJ�LQGLFDWHG�WKDW�WKH�PDMRU�3H3+'�TXDVLVSHFLHV�FRXOG�FKDQJH�DIWHU�WKUHH�PRQWKV�,)1�WKHUDS\� DQG� LQ� RQH� SDWLHQW�� WKH� PDMRU� 3H3+'� TXDVLVSHFLHV� FRXOG� FKDQJH� DIWHU� VL[�PRQWKV� ,)1�WKHUDS\� 7KHVH�PXWDWLRQV�ZHUH�RFFXUUHG� LQ�FRGRQV���������������RI� IROORZHG�XS�VDPSOHV�DQG� LQ�FRGRQV��������������������RI�UDQGRPO\�WUHDWHG�SDWLHQWV��6RPH�RI�WKHVH�PXWDWLRQV�ZHUH�VLPLODU�WR�WKRVH�UHSRUWHG�E\�SULRU�VWXGLHV��2WKHU�PXWDWLRQV�ZHUH�DOVR�GHWHFWHG�DW�XS�DQG�GRZQVWUHDP�UHJLRQVRI�3H3+'�ZKLFK�FRXOG�KDYH�LQIOXHQFHG�WKH�VWUXFWXUH��FRQIRUPDWLRQ�DQG�FRQILJXUDWLRQ�RI�WKLV�UHJLRQ�DQG� WKHUHE\� VXSSUHVVLQJ� 3H3+'� LQKLELWRU\� SURSHUWLHV�� 7KXV� RXU� GDWD� VXJJHVWHG� WKDW� +&9� (��3H3+'�PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�GHWHUPLQLQJ�WKH�LQWHUIHURQ�UHVSRQVH�.H\ZRUGV� x +&9 x 3H3+' x ,)1�WKHUDS\ x 7UHDWPHQW�UHVLVWDQFH

,QWURGXFWLRQ
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WUHPHQGRXV� EXUGHQ� RQ� KHDOWKFDUH� UHVRXUFHV��VFLHQWLVWV� KDYH� ORRNHG� IRU� NH\� HSLGHPLRORJLFDO��SDWKRORJLFDO� DQG� YLUDO� FKDUDFWHULVWLFV� WKDW� PD\�SURYLGH� LQVLJKWV� LQWR�GLVHDVH�SURJUHVVLRQ�� VHYHULW\�DQG�UHVSRQVH�WR�WKHUDS\�IRU�D�EHWWHU�DGPLQLVWUDWLRQ�RI� HIIHFWLYH� WKHUDSHXWLF� UHJLPHQV�DV�ZHOO� DV� ORQJ�WHUP� PDQDJHPHQW� RI� LQIHFWHG� LQGLYLGXDOV��'HWHUPLQDWLRQ� RI� YLUDO� JHQRW\SH� KDV� EHHQ�LGHQWLILHG� DV� RQH� SDUDPHWHU� WKDW� FRXOG� SURYLGH�GLUHFWLRQ� LQ� WKH� FOLQLFDO� PDQDJHPHQW� RI� SDWLHQWV�ZLWK� FKURQLF� +&9� LQIHFWLRQ� >��� �@�� 6XFK�LQIRUPDWLRQ� KDV� SURYLGHG� LPSRUWDQW� FOXHV� IRU�PHFKDQLVP�RI�,)1�UHVLVWDQFH�RI�+&9�5HFHQWO\�� 7D\ORU� HW� DO�� KDYH� UHSRUWHG� WKDW� � WKH�KHSDWLWLV�&�YLUXV�HQYHORSH�JO\FRSURWHLQ���LQKLELWV�WKH�LQWHUIHURQ� �,)1��LQGXFHG�� GRXEOH�VWUDQGHG� 51$�DFWLYDWHG� SURWHLQ� NLQDVH� �3.5�� YLD� WKH� 3.5�HXNDU\RWLF� LQLWLDWLRQ� IDFWRU��� DOSKD� SKRVSKRU\ODWLRQ�KRPRORJ\� GRPDLQ� �3H3+'�� LQ� FHOO� FXOWXUH� V\VWHP�>��������@��7KLV�UHJLRQ��DD���������LQ�JHQRW\SH����RI�JO\FRSURWHLQ� (�� � FRQWDLQV� D� VWUHWFK� RI� DPLQR� DFLGV�WKDW� VKDUH� D� KLJK� GHJUHH� RI� KRPRORJ\� ZLWK� WKH�DXWRSKRVSKRU\ODWLRQ� VLWH� RI� 3.5� DQG�SKRVSKRU\ODWLRQ� VLWH� RI� LWV� VXEVWUDWH� H,)�. DQG� FDQ�LQKLELWV� 3.5� DFWLYDWLRQ� WKXV� SUHYHQWV� WUDQVODWLRQ�VKXWRII� PHGLDWHG� E\� ,)1� >�����������@�� *UHDWHU�KRPRORJ\�ZDV�IRXQG�EHWZHHQ�3.5�DQG�(��*HQ%DQN�VHTXHQFHV� IURP� +&9� JHQRW\SHV� �D� DQG� �E� WKDQ�JHQRW\SHV��D���E�DQG��D��7KLV�ILQGLQJ�LV�QRWHZRUWK\��EHFDXVH� +&9��D� DQG� +&9��E� LQIHFWLRQV� DUH�W\SLFDOO\�PRUH� UHVLVWDQW� WR� ,)1� WKHUDS\� WKDQ�+&9���DQG�+&9���JHQRW\SHV�>��@��2Q�WKH�RWKHU�KDQG��VRPH�JURXSV� KDYH� IRXQG� QR� FRUUHODWLRQ� EHWZHHQ� 3H3+'��DQG�WKH�HIIHFWLYHQHVV�RI�,)1�WKHUDSLHV�>������@��,Q� WKLV� VWXG\�� WKH� 3H3+'� VHTXHQFH� LQ� WKH�VSHFLPHQV� RI� ��� UDQGRPO\� VHOHFWHG� SDWLHQWV�

LQIHFWHG�ZLWK� +&9� JHQRW\SH� �D��E�ZDV� DQDO\]HG�WR� DVVHVV� WKH�PXWDWLRQV� REVHUYHG� LQ� 3H3+'�� 7KH�SDWLHQWV�ZHUH�DOO�WUHDWHG�ZLWK�,)1�.�0$7(5,$/6�$1'�0(7+2'6
3DWLHQWV7KLUW\�VL[�+&9�LQIHFWHG�,UDQLDQ�SDWLHQWV�ZHUH�HQUROOHG�LQ�WKLV�VXUYH\��7KH�SDUWLFLSTQWV�FRQVLVWHG�RI����PDOHV�DQG����IHPDOHV�ZLWK�WKH�PHDQ�DJH�RI�������UDQJLQJ�������\HDUV���$OO�SDWLHQWV�ZHUH�FKHFNHG�IRU�+&9��KXPDQ�LPPXQRGHILFLHQF\� YLUXV� �+,9�� DQG� KHSDWLWLV� %� YLUXV��+%9��E\�FRPPHUFLDO�DYDLODEOH�(/,6$�NLWV��2UJDQRQ�7HFKQLFD�� 7XUQKRXW�� %HOJLXP�� DQG� JHQRW\SHG� E\�5)/3�� $OO� SDWLHQWV� ZHUH� SRVLWLYH� IRU� +&9� DQWLERG\�DQG� QHJDWLYH� IRU�+%V$J� DQG�+,9� DQWLERGLHV�� 7KLUW\�SDWLHQWV� ZHUH VWXGLHG� FURVV�VHFWLRQDOO\�� )LYH� SDWLHQWV�ZHUH�FKRVHQ� WR�EH�PRQLWRUHG� IRU��� WR���PRQWKV�DIWHU�DQWLYLUDO� WUHDWPHQW�� 7KHVH� SDWLHQWV� UHFHLYHG� ��08�RI�UHFRPELQDQW� ,)1�DOSKD� �E� DQG� ULEDYLULQ� WKUHH� WLPHV�ZHHNO\��2WKHU����SDWLHQWV�UHFHLYHG�WKLV�WUHDWPHQW�ZLWK�RXW IROORZ�XS�PRQLWLULQJ�$PSOLILFDWLRQ� DQG� VHTXHQFLQJ� RI� WKH� 3H3+'�UHJLRQ�RI�+&9�(��JO\FRSURWHLQ��+&9�SRVLWLYH�VHUD�ZHUH� FROOHFWHG� DQG� WKHQ� IUR]HQ� LPPHGLDWHO\� DW� ����&�� +&9� 51$� ZDV� H[WUDFWHG� E\� +LJK� 3XUH�9LUDO� 51$� H[WUDFWLRQ� .LW� �5RFKH�� 0DQQKHLP��*HUPDQ\���%DVHG�RQ�+&9�JHQRW\SHV��WZR�GLIIHUHQW�VHWV�RI�QHVWHG�3&5�SULPHUV�IRU�+&9�JHQRW\SHV��D�DQG��E�ZHUH�GHVLJQHG� LQ� WKH�FRQVHUYHG�VHTXHQFHV�RI�WKH�3H3+'�UHJLRQ�EDVHG�RQ�GDWD�DYDLODEOH�IURPWKH� /RV� $ODPRV� +&9� 6HTXHQFH�'DWDEDVH� �7DEOH����>����������@��7KH FRQVHUYHG 3H3+'�SULPHU�VHWVZHUH LGHQWLILHG�EDVHG�RQ�(��JHQHV�RI�YDULRXV�+&9�JHQRW\SHV�DQG�VXEW\SHV�E\�PXOWLSOH�DOLJQPHQWV�XVLQJ

7DEOH�� 6HTXHQFH��SRODULW\�DQG�SRVLWLRQ�RI�SULPHU�VHWV�XVHG�IRU�DPSOLILFDWLRQ�DQG�VHTXHQFLQJ�DQDO\VLV
'HVLJQDWLRQ 6HTXHQFH��
�± �
 SRODULW\ SRVLWLRQV2Q�JHQRPHJHQRW\SH��D03� $&$7$&7&7&**7*&**&7&� 2XWHU�DQG�VHQVH ���������03� 7**7**$**7**$7*$**& 2XWHU�DQG��DQWLVHQVH ���������03� **$77$&*&&&$**7*&& ,QQHU�DQG�VHQVH ���������03� $*$$&$&**$$**$&&7*&& ,QQHU�DQG�DQWLVHQVH ���������JHQRW\SH��E+6� $$&$&&77*$&&7*&&&&$&** 2XWHU�DQG�VHQVH ���������+6� &$***7**7*$$**$$&$*** 2XWHU�DQG�DQWLVHQVH ���������+6� &&7*&&&&$&**$77*&77& ,QQHU�DQG�VHQVH ���������+6� *$7&*7**$&$*&$*&$*&* ,QQHU�DQG�DQWLVHQVH ���������3ULPHU�SRVLWLRQV�ZHUH�UHIHUUHG�WR�DFFHVVLRQ�QXPEHU�$)�������DQG�$%�������IRU�+&9
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%LR(GLW�VRIWZDUH�YHUVLRQ��������7KH�OLVW�RI�SULPHUV� DQG� WKHLU� FKDUDFWHULVWLFV� WKDW� ZHUH� XVHG� LQ� WKLV� VWXG\� DUH� VKRZQ� LQ� 7DEOH� ��� 7KH� 3&5� SURGXFWV� ZHUH� H[WUDFWHG� DQG� SXULILHG� IURP� DJDURVH� JHO� �&RUH%LR��� 6HRXO�� 6RXWK� .RUHD�� DQG� WKHQ� VHTXHQFHG� LQ� ERWK� GLUHFWLRQV� E\� D� %LJ'\H� 7HUPLQDWRU� Y���� F\FOH� VHTXHQFLQJ� NLW� �$SSOLHG� %LRV\VWHPV��)RVWHU�&LW\��&$��8�6�$��XVLQJ�DQ�$%,� 3ULVP� ����� '1$� DQDO\]HU� VHTXHQFHU� �$SSOLHG� %LRV\VWHPV�� )RVWHU� &LW\�� &$�� 8�6�$�� DW� 6HTXHQFH /DERUDWRULHV� *|WWLQJHQ� *PE+�� �6(4/$%���*HUPDQ\��
5HIHUHQFH�VHTXHQFHV�DQG�SK\ORJHQHWLF�DQDO\VLV 2QH� KXQGUHG�WZHQW\�IRXU�+&9�3H3+'�VHTXHQFHV� �JHQRW\SHV� �� WR� ��� ZHUH� XVHG� LQ� WKLV� VWXG\� DV� WKH� UHIHUHQFH�� >��@� DQG� WKH� ,UDQLDQ� +&9� 3H3+'� VHTXHQFHV� ZHUH� FRPSDUHG� WR� ���� GHILQHG� +&9� LVRODWHV�� $OLJQPHQW� ZDV� SHUIRUPHG� XVLQJ� &/867$/�;�VRIWZDUH��YHUVLRQ������>��@��*HQHWLF� GLVWDQFH� ZDV� HVWLPDWHG� E\� WKH� .LPXUD� WZR� SDUDPHWHU� PDWUL[� >��@�� 3K\ORJHQHWLF� WUHH ZDV� FRQVWUXFWHG� E\� WKH� QHLJKERU�MRLQLQJ� PHWKRG� >��@�� %RRWVWUDS� UH�VDPSOLQJ� DQG� UHFRQVWUXFWLRQ� ZDV� SHUIRUPHG�IRU������WLPHV�WR�FRQILUP�WKH�UHOLDELOLW\� RI� SK\ORJHQHWLF� WUHHV� >��@�� 3K\ORJHQHWLF� DQG� PROHFXODU� HYROXWLRQDU\� DQDO\VLV� DQG� QXFOHRWLGH� GLIIHUHQFHV� ZLWKLQ� DQG� EHWZHHQ� WKH� LVRODWH� VHTXHQFHV� ZHUH� FDOFXODWHG� E\� 0(*$� SURJUDP�� YHUVLRQ�����>��@� 5(68/76
+&9�SK\ORJHQHWLF�WUHH�DQDO\VLV7KH�3H3+'�UHJLRQ�RI�WKH�NQRZQ�JHQRW\SH�VDPSOHV� ZDV� DPSOLILHG� WKRURXJKO\� XVLQJ� GHVLJQHG� VXEW\SH� VSHFLILF� SULPHUV�� 7ZHQW\�WKUHH� RXW� RI� ��� VDPSOHV� ZHUH� VHTXHQFHG� DQG� FRPSDUHG� ZLWK� 3H3+'� UHIHUHQFH� JHQH� VHTXHQFHV�� 7KH� SK\ORJHQHWLF� WUHH� DQDO\VLV�EDVHG�RQ�WZHQW\�WKUHH�VDPSOHV������ES��RI� WKH� 3H3+'� DPSOLFRQ� � DQG� LWV� IODQNHG� UHJLRQ� UHYHDOHG� WKDW� PRVW� RI� WKH� ,UDQLDQ� +&9� LQIHFWHG� SDWLHQWV� KDYH� VHJUHJDWHG� LQ� WKH� EUDQFK� RI� WKH� VXEW\SH� �D� WKDW� VXSSRUWHG� E\� ����� ERRWVWUDS� YDOXHV� ������� UHSOLFDWHV��� 7ZR� LVRODWHV�� ���� DQG� ����� ZHUH� JURXSHG� LQ� WKH� +&9��E� EUDQFK� ZLWK� ���� ERRWVWUDS� YDOXHV�� ,QWHUHVWLQJO\�� LVRODWH� ���� WKDW� VKRZHG� WR� EH� +&9��E� E\� 5)/3� PHWKRG�� FOXVWHUHG� LQ� WKH� �D� EUDQFK� �)LJ����� *HQHWLF� GLYHUJHQLFLW\� DPRQJ� VDPSOHV� RI� SDWLHQWV� ZKR� GLG� QRW� UHFHLYH� WUHDWPHQW� ZDV� ����� KRZHYHU� LQ� WKH� WUHDWPHQW�SDWLHQWV�ZDV�����ILJ������
9            ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8
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)LJ����� 0HDQ�LQWHU�JHQRW\SLQJ�GLYHUJHQLFLW\�ZLWKLQ�EHIRUH�DQG�DIWHU�WUHDWPHQW�VDPSOHV�
$PLQR�DFLG�YDULDWLRQV�LQ�3H3+'�UHJLRQ,Q� RUGHU� WR� DQDO\]H� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�PRGLILFDWLRQ�RI�WKH�YLUDO�TXDVLVSHFLHV�DQG�UHVSRQVH�WR� DQWLYLUDO� WUHDWPHQW�� WKH� SDWWHUQ� RI� +&9�TXDVLVSHFLHV�ZDV�H[SORUHG�E\�VHTXHQFH�DQG�DPLQR�DFLG� DOLJQPHQW� XVLQJ� VDPSOHV� REWDLQHG� RQH� ZHHN�EHIRUH�DQG�WKUHH�PRQWKV�DIWHU�,)1�WKHUDS\��)LJ�����

)LJ�� � �� $OLJQPHQW� RI� SUH� DQG� DIWHU� WUHDWPHQW� RI�3H3+'�VHTXHQFHV�IURP�ILYH�+&9�LQIHFWHG�SDWLHQWV�UHFHLYLQJ� LQWHUIHURQ� WKHUDS\�� 3H3+'� VHTXHQFH�FKDQJHG GXULQJ� DQWLYLUDO WKHUDS\�3H3+G� UHJLRQ� LVVKRZQ�E\�IOHVKHV�
7KH� PDMRULW\� RI� WKUHH� PRQWKV� WUHDWHG� VDPSOHV�VKRZHG� UHSODFHPHQW� RI� DPLQR� DFLGV� LQ� WKH� &�WHUPLQDO� RI� 3H3+'� UHJLRQ�� ,Q� WKLV� VWXG\�� ILYH�SDWLHQWV� WKDW� VKRZHG� +&9��D� JHQRW\SH� ZHUH�IROORZHG�EHIRUH�DQG DIWHU� ,)1� WKHUDS\��5HVXOWV�RI�WKH� DQDO\VLV� GHPRQVWUDWHG� WKDW� PRVW� RI� +&9� (��3H3+'�VHTXHQFHV�RI� WKH�SDWLHQWV�������KDG�DPLQR�DFLG� YDULDWLRQ�V��� )LJXUH� �� VKRZV� WKH� UHODWLRQVKLS�EHWZHHQ� 3H3+'� DPLQR� DFLGV� EHIRUH� DQG� GXULQJ�,)1� SOXV� ULEDYLULQ� WKHUDS\� �WKUHH� PRQWKV� DQG� LQ�
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0DU\DP�+RQDUGRRVW� HW��DO
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RQH� FDVH� VL[� PRQWKV�� LQ� SDWLHQWV� LQIHFWHG� ZLWK�+&9��D�� )RXU� RXW� RI� ILYH� KDG� DPLQR� DFLG�VXEVWLWXWLRQV�LQ�WKHLU�3H3+'�VHTXHQFH��7KHVH�IRXU�SDWLHQWV� KDG� RQH� RU� WZR� VXEVWLWXWLRQV� LQ� WKH�3H3+'��2QH�LVRODWH��FRGH������KDG�VXEVWLWXWLRQV�DW�/���3��/���$�DQG� WKUHH� LVRODWHV��FRGHV����������DQG������KDG�D�VXEVWLWXWLRQ�DW�/���6�3K\ORJHQHWLF�DQDO\VLV� UHVXOWV�UHYHDOHG����+&9��D�LVRODWHV�DQG�WZR�+&9��E�LVRODWHV��ZKLOH�VHYHQ�RXW�RI� ��� +&9��D� 3H3+'� VHTXHQFHV� IRUP� ,UDQLDQ�SDWLHQWV�KDG�WKH�VDPH�VHTXHQFH�DV�LQ�+&9��D�ZLOG�W\SH� UHIHUHQFH� LVRODWHV� �)LJ�� ���� )LYH� +&9��D�SDWLHQW�VDPSOHV�KDG�VXEVWLWXWLRQ�DW�6���$��(���'��/���$� �LQ� RQH� VDPSOH��� /���3� �LQ� WZR� VDPSOHV��DQG� 7���,�� 7ZR� +&9��E� SDWLHQW� VDPSOHV� KDG�VXEVWLWXWLRQ� DW� 7���,�� )LJXUH� �� LOOXVWUDWHV� WKH�3H3+'� DPLQR� DFLGV� DQG� WKH� RXWFRPH� RI� ,)1�WKHUDS\�LQ�+&9��D��E�LQIHFWHG�SDWLHQWV�

)LJ�� �� $OLJQPHQW� RI� UHJLRQ� RI� KHSDWLWLV� &� YLUXV��+&9�� HQYHORSH� JO\FRSURWHLQ� �(��� FRQWDLQLQJ�3H3+'�UHJLRQ�LQ�UDQGRP�VDPSOHV��6HTXHQFH�ZHUH�WUDQVODWHG� DQG� WKH� GHGXFHG� DPLQR� DFLG� VHTXHQFH�ZHUH� DOLJQHG� UHODWLYH� WR� +&9� JHQRW\SH� �D��DFFHVVLRQ� QXPEHU� +3&+&-��� 7KH� 3H3+'�HQFRPSDVVLQJ� DPLQR� DFLG� ���������56(/63///777�� IRU�+&9�JHQRW\SH��D�RI� WKH�(��SURWHLQ��LV�VKRZQ�E\�IOHVKHV�',6&866,21
5HFHQW�VWXGLHV�VKRZHG�WKDW�JHQRW\SH��D���E��DQG��D�DUH� SUHGRPLQDQW� LQ� ,UDQ� >���� ��@�� ,Q� WKH� SUHVHQW�VWXG\�� RXU� GDWD� VKRZHG� WKH� VDPH� UHVXOW� DV� WKRVH�GHPRQVWUDWHG�E\�=DOL�DQG�6DPLPL�5DG�>����������@��3K\ORJHQHWLF� WUHH� DQDO\VLV� H[SODLQHG� WKDW� WKH�SDWWHUQ� RI� RXU� �D� VXEW\SHV� LV� VLPLODU� WR� WKRVH� RI�)UDQFH� EXW� GLIIHUHQW� IURP� RWKHU� 0LGGOH�(DVW�FRXQWULHV�� 7KLV� FRXOG� EH� UHODWHG� WR� WKH� IDFW� WKDW�,UDQLDQ� SDWLHQWV� DUH� LQIHFWHG� ZLWK� (XURSHDQ�LVRODWHV��

9LURORJLFDO� UHVSRQVH� WR�DQWLYLUDO� WKHUDS\�LQ�+&9�LQIHFWHG�SDWLHQWV�LV�LQIOXHQFHG�E\�KRVW�DQG�RU�YLUXV�UHODWHG�IDFWRUV�>��������������@��%HFDXVH�RI�KLJKO\�GLIIHUHQW� VXVWDLQHG� UHVSRQVH� UDWHV� WR� DQWLYLUDO�WKHUDS\�EHWZHHQ�+&9�JHQRW\SHV� �����LQ�+&9���LQ�FRPSDULVRQ�ZLWK�����LQ�+&9�QRQ���JHQRW\SH���YLUXV�UHODWHG� IDFWRUV� DUH� DSSDUHQWO\� LPSRUWDQW��0RUH� UHFHQWO\�� WKH�+&9�(��SURWHLQ�RI�+&9��D�E�LVRODWHV�ZDV�VKRZQ� WR�ELQG�3.5�DQG�LQKLELW�3.5�IXQFWLRQ�LQ�YLWUR WKURXJK�3H3+'�UHJLRQ�>��@�,Q�WKH�FXUUHQW�VWXG\��WKH�PXWDWLRQDO�SDWWHUQ�ZLWKLQ�D�SDUW� RI� FDUER[\�WHUPLQDO� RI� +&9� (�� SURWHLQ�FRPSULVLQJ� WKH�3H3+'�VHTXHQFHV�ZDV� LQYHVWLJDWHG�LQ� WZHQW\�WZR� ,UDQLDQ�+&9�LQIHFWHG� SDWLHQWV�� )LYH�RI� WKHP�ZHUH� IROORZHG�RQH�ZHHN� EHIRUH� DQG� WKUHH�PRQWKV� DIWHU� ,)1� WKHUDS\�� ,Q� SUHYLRXV� VWXGLHV��6DUUD]LQ� HW� DO� VKRZHG� WKDW�PXWDWLRQ� LQ� FRGRQV�����DQG����� LQ� �D� VXVWDLQ� UHVSRQGHUV� �65��DQG�FRGRQV�����DQG�����LQ��E�65�>��@�DQG�/LQ�DQG�/R�LQGLFDWHG�WKDW� +&9��E��D��E� 3H3+'� PXWDWLRQV� LQ� FRGRQV������ ����� ����� ���� DQG� ���� KDYH�SRVLWLYH� UROHV� LQ�,)1� UHVLVWDQFH� >��@�� 7KLV� LV� FRQVLVWHQFH� ZLWK� WKH�ILQGLQJ�WKDW�+&9�(��SURWHLQ�SOD\V�LPSRUWDQW�UROH�WR�UHSUHVV� WKH� IXQFWLRQ� RI� 3.5� WKURXJK�PXWDWLRQV� LQ�3H3+'�UHJLRQ�>��@�EXW�DFFRUGDQFH�ZLWK�VRPH�RI�WKH�IRUPHU� VWXGLHV�� WKH� 3H3+'� DQG� LWV� IODQNHG� ZLWKLQ�+&9�(��ZDV� IRXQG� WR�EH�KLJKO\� FRQVHUYHG� LQ�65��(75��DQG�15�SDWLHQWV�>��@��,Q�WKLV�UHVHDUFK��LW�ZDV�REVHUYHG� WKDW� WKLV� UHJLRQ� KDV� PXWDWLRQV� DIWHU�WKHUDS\�� ,Q� WKH� IROORZHG� JURXS�� JHQHWLF�GLYHUJHQLFLW\� ZLWKLQ� VDPSOHV� ZKR� GLG� QRW� UHFHLYH�WUHDWPHQW�ZDV������EXW� LQ�WUHDWHG�SDWLHQWV�ZDV����ZKLFK� VKRZV� WKH�RFFXUUHQFH�RI� VRPH�PXWDWLRQV�� ,W�PHDQV� WKDW� WUHDWPHQW� FRXOG� DIIHFW� DSSHDUDQFH� RI�PXWDWLRQV�LQ�WKLV�UHJLRQ��D�DQG��E�,Q�FRGH�������PXWDWLRQV�DW�/���$��/���3��LQ�FRGH�������� PXWDWLRQV� DW� /���6� DQG� LQ� FRGH� ������PXWDWLRQ�DW�/���6�KDYH�RFFXUUHG��&RGH�������GLG�QRW� VKRZ� DQ\� PXWDWLRQ� GXULQJ� WKHUDS\�� &RGRQV������ ���� DQG������ DUH� ORFDWHG� LQ� WKH�KRPRORJRXV�UHJLRQ�WR�H,)�. DQG�3.5��WKHUHIRUH�WKH�VXEVWLWXWLRQ�DW� WKHVH� SRVLWLRQV� VHHPV� WR� DIIHFW� WKH� ELQGLQJ� RI�(��3.5�OHDGLQJ�WR�,)1�UHVLVWDQFH��,Q�DGGLWLRQ��XS�DQG� GRZQVWUHDP� PXWDWLRQV� DQG� WKHLU� HIIHFWV� RQ�FRQIRUPDWLRQ�DQG�FRQILJXUDWLRQ�RI�(��DQG�3H3+'�UHJLRQ DUH�LPSRUWDQW��(��LV�D�SURWHLQ�DQG�OLNH�RWKHU�SURWHLQV� HYHU\� FKDQJH� LQ� DPLQR� DFLG� VHTXHQFH�FRXOG� DIIHFWHG� LWV� IXQFWLRQDO� SURSHUWLHV� >��@�� � ,Q�FRGH�������PXWDWLRQV�DW�'���+
DQG�$���9�KDYH�RFFXUUHG�RI�ZKLFK�'���+�LV�LPSRUWDQW�EHFDXVH�RI�FKDQJLQJ�DQ�DFLGLF�DPLQR�DFLG�WR�D�QRQ�SRODU�RQH��,Q�FRGH��������PXWDWLRQV�DW�/���9��/���9��/���,��
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*HQHWLF�GULIWV�LQ�3.5�H,)�. SKRVSKRU\ODWLRQ�KRPRORJ\�«
'���1
��/���(�DQG�4���(�ZHUH�VKRZQ�RI�ZKLFK� '���1
LV� WKH� PRVW� LPSRUWDQW� IRU� WKH� UHDVRQ� WKDW� VKLIWLQJ� DQ� DFLGLF� DPLQR� DFLG� WR� D� SRODU� RQH�� $OWHUDWLRQ�DW�/���(�EHFDXVH�RI�VKLIWLQJ D�QRQ�SRODU� WR� D� SRODU� DQG� 4���(� DV� D� FRQVHTXHQFH� RI� FKDQJLQJ� D� SRODU� WR� DQ� DFLGLF� DPLQR� DFLG� DUH� LPSRUWDQW�� ,Q� FRGHV� ������ DQG�������PXWDWLRQV�DW� /���9�� /���9�� /���,�� '���1
DQG� /���(� KDYH� RFFXUUHG� ZKLFK� '���1
DQG� /���(� DUH� LPSRUWDQW� GXH� WR� SUHYLRXV� UHDVRQV� DQG� LQ� FRGHV� ������� PXWDWLRQV� DW� /���,�� '���1
�� /���9� DQG� /���(� ZHUH�VKRZQ�WKDW�'���1
DQG�/���(�DUH�UHSHDWHG�� $OO� RI� WKHVH� GDWD� LQGLFDWH� WKDW� 3H3+'� UHJLRQ� DQG� LWV�XS�DQG�GRZQVWUHDP�VKLIWHG�DFLGLF�SKDVH�WR�EDVLF� DQG�SRODU�SKDVHV�DQG�UHGXQGDQW�PD\�LQIOXHQFH�WKH� FKDUJH�RI��WKH�SHSWLGH�DQG�WKH�FRQIRUPDWLRQDO�DQG� FRQILJXUDWLRQDO� FKDQJHV� LQ� WKH� SURGXFW� RI� WKH� 3H3+'� UHJLRQ�� 0XWDWLRQ� SDWWHUQ� LQ� UDQGRP� VDPSOHV�ZDV�WKH�VDPH�DQG���RXW�RI����SDWLHQWV�KDG� 3H3+'�VHTXHQFH�YDULDWLRQ��0XWDWLRQV�LQ�FRGH����� DW�/���$��LQ�FRGHV�����DQG�����DW�/���3��LQ�FRGHV� ����� ���� DQG� ���� DW� 7���,� DQG� LQ� FRGH� ���� DW� 6���$� DQG� (���'� ZHUH� REVHUYHG� LQ� 3H3+'� UHJLRQ�� &RGRQV� � �������������� WKDW�DUH� ORFDWHG� LQ� WKH� KRPRORJRXV� UHJLRQ� WR� H,)�. DQG� 3.5�� &RQVHTXHQWO\� WKH� UHSODFHPHQW� DW� WKHVH� SRVLWLRQV� VHHPV�WR�DIIHFW� WKH�ELQGLQJ�RI�(��3.5�OHDGLQJ�WR� ,)1� UHVLVWDQFH� >��@�9DULDWLRQ� DW� SRVLWLRQV� ,���/�� '���+�� '���1�� 9���,�� /���7�� /���9�� /���5�� /���,�� /���4�� /���9�� (���4�� (���'�� (���*�� $���9�� '���(�� '���$�� 4���$� DQG� 4���.� VKRZHG� WKDW� 3RODULW\� VKLIWV� LQ� � WKH� SHSWLGH� UHJLRQ� VXVSHFWHG�RI� �DIIHFWLQJ�ELQGLQJ�RI�(��3.5�GXH� WR� VWHUHR�FRQIRUPDWLRQDO�FKDQJHV�PD\�EH�H[SORUHG�LQ� DQ� H[SUHVVLRQ� SURILOH� V\VWHP� � WKDW� FKDUDFWHUL]HV�� WKHVH��FKDQJHV�RQ�JHQHUDWHG��PXWDQWV�2Q�WKH�RWKHU�KDQG��RXU�ILQGLQJ�LQGLFDWHV�WKDW�DPLQR� DFLG�YDULDWLRQ�LQ�WKH�3H3+'�FRQVHQVXV�VHTXHQFH�RI� +&9��D�IURP�WKH�ZLOG�W\SH�FRXOG�EH�GHWHFWHG�PRUH� RIWHQ� LQ� SDWLHQWV� ZKR� ZHUH� WUHDWHG� ZLWK� ,)1� SOXV� ULEDYLULQ�� ,Q� WKLV� VWXG\�� UHVXOWV� UHYHDOHG� WKDW� WKUHH� PRQWKV� WUHDWPHQW� FDQ� FDXVH� PXWDWLRQ� LQ� 3H3+'� DQG� WKHVH� PXWDWLRQV� FDQ� LQIOXHQFH� LWV� LQKLELWRU\� SURSHUWLHV� DQG� SDWLHQWV� ZLWK� WKHVH� PXWDWLRQV� PD\� EH�WUHDWHG�FRPSOHWHO\� 7KLV�VXJJHVWV�WKDW�PXWDWLRQV� LQ�ZLOG� W\SH�3H3+'�VHTXHQFH�FRXOG�EH�FRUUHODWHG� ZLWK�FRPSOHWH�UHVSRQVH�WR�WKH�,)1�WUHDWPHQW��$FNQRZOHGJPHQW
:H�ZRXOG�OLNH�WR�WKDQN�'U�+DQLHK�=DHU�UH]DHH�DQG� 3DULVD� 3RUVD� IURP� ''5&� DQG� 0U�� 5HLKDQL� IURP�
11       ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8

%DKDU� ODERUDWRU\� IRU� VDPSOH� FROOHFWLRQ� DQG� 0U��0DOHN�+RVVHLQ�$KPDGLSRXU�IRU�KLV�DVVLVWDQFH�5HIHUHQFHV
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