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&RQWDJLRXV� GLVHDVHV�ZHUH� DOZD\V� DWWUDFWLQJ�
WKH� PRVW� DWWHQWLRQ� EHFDXVH� RI� WKHLU� PDVV� RFX�
UDQFH�� KLJK�PRUWDOLW\� UDWHV� DPRQJ�SDWLHQWV� DQG�
IDU�UHDFKLQJ� FRQVHTXHQFHV� WKDW� WKH\� ZHUH� FDX�
VLQJ��+XPDQ�UHFRJQL]HG�WKH�GLVHDVH�DV�D�ZHDN�
QHVV�DQG�SRZHUOHVQHVV�RI� WKH�ERG\��7KH\�ZHUH�
GLVFULEHG�ZLWK� VLPSOH� GHVFULSWLRQV� DQG� JHQHUDO�
V\PSWRPV� VR� LW� ZDV� YHU\� GLIILFXOW� UHFRJQL]LQJ�

WKH�W\SH�RI�GLVHDVH��7KH\�ZHUH�HQGDQJHULQJ�WKH�
KHDOWK��DQG�WKH�GDQJHURXV�RQHV�HYHQ�WKH�OLIH��HV�
SHFLDOO\�LI�WKH\�ZHUH�RFFXULQJ�DV�HSLGHPLFV��'X�
ULQJ�WKH�SDVW��KXJH�HSLGHPLFV�ZHUH�HIIHFWLQJ�WKH�
IDLWK�RI�SDUWLFXODU�QDWLRQ��WKH\�ZHUH�ZHDNHQLQJ�
WKH�VWUHQJWK�RI�SRZHUIXOO�DQG�ELJ�DUPLHV��FDXVLQJ�
WKH�KXQJHU�DQG�PLVHU\��'LIIHUHQW�GRFWRUV��KLVWR�
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ULDQV�DQG�GLIIHUHQW�FKURQLFOHUV�ZULWH�DERXW�WKH�H�
SLGHPLFV� RI� FRQWDJLRXV� GLVHDVHV�� VR� IURP� WKHLU�
FRQFOXVLRQ�ZH�FDQ�ILQG�RXW�DERXW�WKH�VXIIHULQJ�RI�
WKH�KXPDQLW\�WKURXJKRXW�WKH�KLVWRU\��2OG�FXOWX�
UDO�SHRSOHV�KDYH�PHW�PDQ\�KRUURUV�RI�FRQWDJLRXV�
GLVHDVHV�� 'LVHDVHV�� WKHLU� RFFXUDQFH� DQG� VSUHDG�
DUH�FRQVLVWHQW�ZLWK�XQGHUVDQGLQJ�RI�PHGLFLQH�RI�
WKDW� SDUWLFXODU� WLPH�� 8VXDOO\�� HSLGHPLFV� DUH�
FRQVLGHUHG� D� VXSHUQDWXUDO� FDXVH�� DQG� ODWHU� D�
*RG
V�SXQLVKPHQW��*OHVLQJHU����������

&RQWDJLRXV� GLVHDVHV� DUH� VWLOO� KLJKO\� UDQNHG�
RQ� FDXVH�RI�GHDWK� VFDOHV� �LQ� VRPH� SDUWV� RI� WKH�
ZRUOG�WKH\�DUH�QXPEHU�RQH���$URXQG����PLOLRQ�
SHRSOH�HYHU\�\HDU�GLH�EHFDXVH�RI�WKH�FRQWDJLRXV�
GLVHDVH��6RPH�RI�WKH�WUDGLWLRQDO�FRQWDJLRXV�GLVH�
DVHV�DUH�VXSSUHVVHG�LQ�GHYHORSHG�FRXQWULHV��EXW�
WKH� QHZ� RQHV� ZLWK� QHZ� FDXVHUV� RFFXUHG�� QHZ�

FOLQFDO�SDWKRORJ\�SLFWXUH�DQG�ZLWK�QHZ�SUREOHPV�
IRU�SXEOLF�KHDOWK��-HUHQ�����������

,Q� WKLV� UHYLHZ�� FRQWDJLRXV� GLVHDVHV� WKDW� DUH�
GDQJHURXV� DQG� ZULWWHQ� LQ� WKH� HDUOLHVW� NQRZQ�
UHFRUGV�ZLOO�EH�GHVFULEHG�VKRUWO\��$ERXW�WKH�GL�
VHDVHV� WKDW� ZHUH� WKH� HQHPLHV� RI� WKH� KXPDQLW\�
WKURXJKRXW�WKH�KLVWRU\��WKHLU�LQIOXHQFH�RQ�WKH�GH�
YHORSPHQW��VXIIHU�DQG�GHDWK�WKDW�ZHUH�FDXVHG�LQ�
KXPDQV� GXULQJ� WKRXVDQGV� RI� \HDUV�� 'HVFULEHG�
DUH�WKH�PRVW�LPSRUWDQW�GLVHDVHV�WKDW�RFFXUHG�XQ�
WLO�WKH�HQG�RI���WK�FHQWXU\��DQG�DW�WKH�EHJLQQLQJ�
RI���WK��VSDQLVK�IOX���DQG�VRPH�RI�WKHP�DUH�DF�
WLYH�HYHQ�WRGD\��7KH�VHOHFWLRQ�ZDV�GULYHQ�EDVHG�
RQ�WKH�PHDQLQJ�DQG�WKH�LPSRUWDQFH�RI�WKH�GLVH�
DVH�DV�ZHOO�DV�WKHLU�LQIOXHQFH�RQ�WKH�KDSSHQLQJV�
WKURXJKRXW�WKH�KLVWRU\��&YHWQLü���������

�
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�
$FFRUGLQJ�WR�WKH�GLVFXVVLRQV�WKDW�ZHUH�DWWUL�

EXWHG�WR�+LSSRFUDWHV�����������%�&����GLVHDVH�LV�
WKH�ORVV�RI�QDWXUDO�KDUPRQ\��GHYLDWLRQ�IURP�WKH�
UXOH��EUHDNLQJ�RI�WKH�LGHDO�UHODWLRQVKLS�EHWZHHQ�
WKH�SDUWV�RI�KDUPRQLRXV�FRQWLQHWV��7KDW�LV��DFFRU�
GLQJ�WR�+LSSRFUDWHV��RYHUDOO�DQG�ORFDO�GLVRUGHG�
ZLWKLQJ� IRXU� EDVLF� IOXLGV� RI� WKH� KXPDQ� ERG\�
�EORRG��PXFXV��\HOORZ�ELOH�DQG�EODFN�ELOH���+H�
DOWK�LV�KDUPRQLRXV�DUUDQJHPHQW�RI�EDVLF�IOXLGV��
DQG�WKH�GLVHDVHV�LV�D�ODFN�RI�IOXLGV�RU�WKHLU�LPED�
ODQFH��7KH�QXPEHU�RI�GLVHDVHV�LV�XQOLPLWHG�EHFD�
XVH�WKHUH�DUH�LQILQLWH�QXPEHU�RI�SRVVLELOLWLHV�DQG�
LPEDODQFHV�EHWZHHQ�WKH�IOXLGV�DQG�WKH�ERG\��*U�
PHN���������+LSSRFUDWHV�GLVPLVVHG�VXSHUQDWXUDO�
FDVXVHV� RI� HSLGHPLFDO� GLVHDVHV�� EHFDXVH� DOO� RI�
WKHP�KDYH�QDWXUDO�FDXVHV��+H�EHOLHYHV�WKDW�LQ�DLU��
ZDWHU�DQG�URW�KDUPIXO�WKLQJV�DUH�SUHVHQW��FRQWD�
JLRXV�HYDSRUDWLRQV�WKDW�KH�FDOOV�PLDVPDV��7KH\�
VSRLO�WKH�DLU�DQG�KXPDQ�LQKDOHV�WKHP�WKURXJKRXW�
WKH�DLU��DQG�LQ�WKH�RUJDQLVP�WKH\�FDXVH�VSRLODJH�
RI�ERG\�IOXLGV��0DVV�RFFXUDQFH�RI�WKH�GLVHDVH�LV�
FDXVHG�EHFDXVH�DW�WKH�VDPH�WLPH�PDQ\�SHRSOH�LQ�
KDOH�VXFK�WR[LF�VWXII��ZKRFK�FDXVH�WKH�VDPH�GL�
VHDVHV� LQ�DOO�RI� WKHP��7KDW� LV�KRZ�+LSSRFUDWHV�
GHVFULEHV�WKH�EHJLQQLQJ�RI�HSLGHPLFDO�GLVHDVHV��
+RZHYHU��QHLWKHU�+LSSRFUDWHV�QRU�RWKHU�GRFWRUV�

GRQ
W�NQRZ�DQ\�SURWHFWLYH�PHDVXUHV�WKDW�ZRXOG�
KHOS�SUHYHQWLQJ�WKH�RFFXUDQFH�RI�VXFK�HSLGHP\��
7KH�RQO\� WKLQJ� WKDW�KXPDQV�ZHUH�GRLQJ�GXULQJ�
HSLGHPLHV�LV�UXQQLQJ�IURP�WKH�GLVHDVHV��*OHVLQ�
JHU����������

7KH�KLVWRU\�RI� WKH�ZRUOG� LV� LQWHUZHDYHG� E\�
WKH�LQIOXHQFH�RI�PDQ\�GLIIHUHQW�FRQWDJLRXV�GLVH�
DVHV�RQ�KXPDQ�SRSXODWLRQ��7KH�HYLGHQFHV�RI�SR[�
ZHUH�IRXQG�RQ�(JLSWLDQ�PXPP\��(EHUV�SDS\UXV�
LQ�(J\SW�DUH�SDLQWHG�ZLWK�WKH�SLFWXUHV�RI�FRQWD�
JLRXV�GLVHDVHV��DQG�FRQWDLQ�UHFLSHV�DQG�LQVWUXF�
WLRQV� KRZ� WR� WUHDW� PDQ\� GLVHDVHV�� +LSSRFUDWHV�
ZDV�ZULWLQJ�DERXW�WKH�VSUHDG�RI�WKH�GLVHDVH�WKUR�
XJK�DLU�DQG�ZDWHU��KH�FRQQHFWHG�WKH�FOLPDWH��QX�
WULWLRQ� DQG� HQYLURQPHQWDO� FRQGLWLRQV� DV� LPSRU�
WDQW�IDFWRUV�LQ�WKH�RFFXUDQFH�RI�FRQWDJLRXV�GLVH�
DVHV��)UDFDVWRUR�ZDV��DW�WKH�EHJLQQLQJ�RI�WKH���WK�
FHQWXU\��SRLQWLQJ�RXW�WKDW�WKH�GLVHDVHV�ZHUH�FDX�
VHG�E\�VPDOO��LQYLVLEOH�ERGLHV��JHUPV���KH�UHFRJ�
QL]HG�WKDW�GLVHDVHV�FDQ�VSUHDG�E\�GLUHFW�WRXFK�RU�
ZLWK�WKH�REMHFW��DQG�WKDW�LW�LV�SRVVLEOH�WR�VSUHDG�
WKH� LQIHFWLRQ� IURP� WKH� GLVWDQFH� �WKURXJK� DLU���
1RQH� RI� WKHP� DUH� VSUHDG� E\� DQ� RFFXOW� IRUFH��
ZKLFK�ZDV�WKRXJKW�E\�WKH�ROG�PHGLFLQH��DQG�WKH�
QHZ��HYROYHG�SULQFLSOHV�DUH�EHLQJ�DFFHSWHG��7KH�
HYROXWLRQ�RI�PLFURVFRSH�LQ���WK�FHQWXU\�HQDEOHG�
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WKH�YLVXDOL]DWLRQ�RI�PLFURRUJDQLVPV��$W�WKH�HQG�
RI���WK� FHQWXU\�� LPSRUWDQW� FDXVHUV�RI� WKH�PRVW�
LPSRUWDQW�EDFWHULDO�GLVHDVHV�ZHUH�IRXQG��DV�ZHOO�
DV� WKHLU� EUHHGLQJ� DQG� LGHQWLILFDWLRQ�� 'LIIHUHQW�
YDFFLQHV� ZHUH� GHYHORSHG� DQG� XVHG� LQ� RUGHU� WR�
FRQWUROGLVHDVH��DV�ZHOO�DV�WKH�WKH�GLIIHUHQW�PHD�
VXUHV�IRU�FRQWUROLQJ�DQG�SUHYHQWLQJ�WKH�PRVW�LP�

SRUWDQW�GLVHDVHV����WK�FHQWXU\�EURXJKW�FKHPSRW�
KHUDS\�DQG�DQWLELRWLFV��7KDQ�LW�FRXOG�EH�VDLG�WKDW�
DOPRVW�DOO�SUDFWLFDO�SUREOHPV�LQ�VXSSUHVVLRQ�DQG�
FRQWURO�RI�FRQWDJLRXV�GLVHDVHV�WKDW�KDYH�DSSHD�
UHG�XQWLO�WKDQ��ZHUH�VROYHG��%UDFKDP���������
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6PDOOSR[�EHORQJV�WR�GHDGOLHVW�DQG�WKH�PRVW�
VFDULHVW�YLUDO�GLVHDVH�IDFHG�E\�KXPDQLW\�GXULQJ�
KLVWRU\��2QO\�GXULQJ�;;�FHQWXU\�VPDOOSR[�HSL�
GHPLF�FDXVHG�GHDWK�RI�����WR�����PLOOLRQ�RI�SHR�
SOH��,W�LV�FRQVLGHUHG�WKDW�WKH\�DUH�UHVSRQVLEOH�IRU�
GHDWK�RI�����RI�WKH�SHRSOH�LQ�WKH�ZRUOG��GXULQJ�
ODVW� WKRXVDQG� \HDUV� �7KHYH]� HW� DO��� ������� ,Q�
&KLQD��DV�HDUO\�DV�WKH�WHQWK�FHQWXU\��WKH�ILUVW�SUR�
WHFWLRQ�DJDLQVW�VPDOOSR[�ZDV�PDGH�E\�EORZLQJ�
SRZGHUHG� GULHG� VFDEV� LQWR� WKH� QRVH�� UHPRYHG�
IURP�VPDOOSR[�SDWLHQWV��/DWHU��YDULRODWLRQ�SURFH�
GXUHV� ZHUH� DSSOLHG� XQWLO� YDFFLQDWLRQ� ZLWK�
FRZSR[�YLUXV�ZDV�ILUVW�DSSOLHG�E\�(GZDUG�-HQ�
QHU�LQ�������IROORZHG�E\�YDFFLQDWLRQ�ZRUOGZLGH�
�%HKEHKDQL�� ������� 7KLV� SURFHVV� KDV� SURWHFWHG�
KXPDQLW\� DQG� FRQWULEXWHG� WR� VLJQLILFDQW� GHPR�
JUDSKLF� JURZWK� ODWHU� �7KHYH]� HW� DO��� �������%\�
WKH�PLG�WZHQWLHWK�FHQWXU\��VPDOOSR[�ZDV�ZLGHV�
SUHDG�LQ�WKH�ZRUOG�DQG�HQGHPLF�LQ�PDQ\�FRXQ�
WULHV��DQG�DW� WKH�WLPH�LW�ZDV�VWLOO�VXIIHULQJ�IURP�
���WR����PLOOLRQ�SHRSOH�ZRUOGZLGH��G\LQJ�DERXW�
WZR�PLOOLRQ��,Q�������WKH�:RUOG�+HDOWK�2UJDQL�
]DWLRQ� DGRSWHG� WKH�6PDOOSR[�&RQWURO�3URJUDP��

)RU�WKH�QH[W�WHQ�\HDUV��ZLWK�WKH�XVH�RI�YDFFLQD�
WLRQ��WKH�ODVW�VPDOOSR[�FDVH�ZDV�UHSRUWHG�LQ�6R�
PDOLD� LQ�������DQG� LQ������ WKH�:+2�GHFODUHG�
WKH�ZRUOG� IUHH� IURP� VPDOOSR[��6PDOOSR[� LV� WKH�
ILUVW�DQG�VR�IDU�WKH�RQO\�GLVHDVH�LQ�WKH�ZRUOG�WKDW�
KXPDQ�KDYH�VXSSUHVVHG�E\�YDFFLQDWLRQ�DQG�RWKHU�
SXEOLF� KHDOWK� PHDVXUHV�� 6PDOOSR[� KDV� NLOOHG�
PRUH�SHRSOH�LQ�WKH�ZRUOG�WKDQ�DOO�ZDUV�LQ�KLVWRU\�
�0RUVH���������7KH�JHQXV� WKDW� LQFOXGHV�YDULROD�
YLUXV��WKH�FDXVDWLYH�DJHQW�RI�VPDOOSR[��LQFOXGHV�
WKH�YDFFLQH�YLUXV��PRQNH\SR[�DQG�FRZSR[�YLUXV��
WKH�FDPHOSR[�YLUXV��DQG�DOO�RI�WKHVH�VSHFLHV�DUH�
]RRQR]HV��5HFHQW�VWXGLHV�LQGLFDWH�WKDW�LQ�WKH�IX�
WXUH�LW�LV�SRVVLEOH�WR�H[SHFW�WKH�HYROXWLRQ�RI�]RR�
QRWLF� RUWKRSR[YLUXVHV� DQG� WKH� HPHUJHQFH� RI� D�
QHZ� YDULRO�OLNH� YLUXV� �6KFKHONXQRY�� �������
7KHUH� DUH� VWLOO� YLUXV� VDPSOHV� LQ� ODERUDWRULHV� LQ�
WKH�86�DQG�5XVVLD��:KHQ�XVLQJ�WKH�VPDOOSR[�YL�
UXV�DV�D�ELRORJLFDO�ZHDSRQ��WKH�FRQVHTXHQFHV�FR�
XOG�EH�YHU\�GHYDVWDWLQJ��EHFDXVH� IRU�DOPRVW����
\HDUV� QR� RQH� KDV� EHHQ� YDFFLQDWHG� DJDLQVW�
VPDOOSR[���

63$1,6+�)/8�

$V�ZH�WKLQN�WRGD\�DERXW�WKH�WKUHDW�RI�DQ�LQ�
IOXHQ]D�YLUXV�WKDW�ZLOO�HYROYH�DQG�DV�UHFRPELQDQW�
DQG�KLJKO\�SDWRJHQLF�ZLOO�FRPH�EDFN�DJDLQ��ZH�
FDQ�QRW�E\SDVV�WKH�VWRU\�RI�WKH������IOX�SDQGH�
PLF��7KH������IOX�SDQGHPLF�LV�RQH�RI�WKH�SDUD�
GLJPV�RI�D�QLJKWPDUH�WKDW�FRPHV�XS�ZKHQ�GHDGO\�
LQIHFWLRXV� GLVHDVHV� DUH� PHQWLRQHG�� 6SDQLVK� IOX�
ZDV��E\�DOO�DFFRXQWV��WKH�JUHDWHVW�QDWXUDO�GLVDVWHU�
RI� WKH�HDUO\���WK�FHQWXU\��2IILFLDO� HVWLPDWHV�RI�
WKH�PRUWDOLW\�FDXVHG�E\�WKH�IOX�DUH�VWHDGLO\�ULVLQJ�
DV� UHVHDUFKHUV� FRQWLQXH� WR� ILQG� GDWD� LQ� GHYHOR�
SLQJ�FRXQWULHV�DQG�GLVWDQW�SODFHV��0RUVH���������

$W� WKH� EHJLQQLQJ� RI� WKH� ��WK� FHQWXU\�� VWXGLHV�
VKRZHG� WKDW������PLOOLRQ�SHRSOH�GLHG� IURP� WKH�
FRQVHTXHQFHV�RI�WKH�6SDQLVK�IOX��$QG�PRUH�UH�
FHQW�VWXGLHV�HVWLPDWH�WKDW�WKH\�UDQJH�IURP����WR�
HYHQ�XS�����PLOOLRQ�SHRSOH��,W�LV�HVWLPDWHG�WKDW�
RQH�WKLUG�RI�WKH�ZRUOGCV�SRSXODWLRQ�DW�WKDW�WLPH��
RU�DERXW�����PLOOLRQ�SHRSOH��ZHUH�LQIHFWHG�DQG�
KDG�FOLQLFDOO\�YLVLEOH�VLJQV�RI�WKH�GLVHDVH��7KDWCV�
ZK\�WKH\�FDOO�WKH�6SDQLVK�IOX��WKH�PRWKHU�RI�DOO�
SDQGHPLFV���7DXEHQEHUJHU�DQG�0RUHQV���������
1R�PRQVWHU��QR�ZDU��QR�VWDUYLQJ�LQ�KXPDQ�KLV�
WRU\� KDV� HYHU� NLOOHG� VR�PDQ\� SHRSOH� LQ� VXFK� D�
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VKRUW�SHULRG���7KH������6SDQLVK�IOX�SDQGHPLF�LV�
WKH� ODUJHVW� JOREDO� GHPRJUDSKLF� HDUWKTXDNH� WKH�
ZRUOG�KDV�HYHU�H[SHULHQFHG��7KH�6SDQLVK�IOX�ZDV�
LQ�WKH�VKDGRZ�RI�:RUOG�:DU�,��DOWKRXJK�LW�WRRN�
VLJQLILFDQWO\�IHZHU�KXPDQ�OLYHV��DSSUR[LPDWHO\�
�� WR����PLOOLRQ���7KH�*UHDW�:DU� ODVWHG� ORQJHU��
ZLWK�JUHDW�PHGLD�DWWHQWLRQ��7KH�SXEOLF�DFFHSWHG�
WKH�IOX�DV�DQ�H[WHQVLRQ�RI�ZDU�FDVXDOWLHV��DQG�RQH�
RI�WKH�UHDVRQV�ZDV�WKDW�HDFK�ZDYH�RI�WKH�6SDQLVK�
IOX� ODVWHG� EULHIO\� DQG� LW�ZRXOG� GLVDSSHDU� DJDLQ�
IRU� VHYHUDO� PRQWKV� �$QXãLü�� ������� 7KH� �����
6SDQLVK�IOX�SDQGHPLF�ZDV�VR�GHDGO\��DQG�LI�WKH�
6SDQLVK�IOX�DSSHDUHG�WRGD\�DQG�NLOOHG�WKH�VDPH�

SHUFHQWDJH� RI� WKH� $PHULFDQ� SRSXODWLRQ�� PRUH�
WKDQ�����PLOOLRQ�$PHULFDQV�ZRXOG�GLH��,W�ZRXOG�
NLOO�PRUH�SHRSOH�LQ�RQH�\HDU�WKDQ�GLH�HDFK�\HDU�
RI�KDUW�GLVHDVH��FDQFHU��VWURNH��FKURQLF�OXQJ�GL�
VHDVH��$,'6�DQG�$O]KHLPHUCV��7KH�HSLGHPLF�DI�
IHFWHG�WKH�FRXUVH�RI�KLVWRU\��NLOOLQJ�PRUH�$PHUL�
FDQV�LQ�RQH�\HDU�WKDQ�WKDW�ZHUH�NLOOHG�LQ�WKH�EDW�
WOHV�RI�:RUOG�:DU�,��:RUOG�:DU�,,��WKH�.RUHDQ�
:DU��DQG�WKH�9LHWQDP�:DU��.RODWD���������7KH�
6SDQLVK�IOX�FDQ�EH�FRQVLGHUHG�D��KLVWRULFDO��DF�
FLGHQW�DQG�D�FUXHO�FRQVHTXHQFH�RI�WKH�*UHDW�:DU�
�(UNRUHND���������

0$/$5,$�

9HFWRUV� �PRVTXLWRHV�� WLFNV�� IOHDV�� OLFH�� DQG�
RWKHUV��DUH�FDUULHUV�RI�YDULRXV�DJHQWV�RI�WUDQVPLV�
VLEOH��YHFWRU��LQIHFWLRXV�GLVHDVHV�IURP�RQH�LQIHF�
WHG�SHUVRQ�WR�DQRWKHU�RU�IURP�DQ�LQIHFWHG�DQLPDO�
WR�D�KXPDQ��0DODULD�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�
PRVTXLWR�ERUQH�WUDQVPLVVLEOH��YHFWRU��GLVHDVHV��
FDXVHG�E\�SURWR]RD��0DODULD�KDV�EHHQ�FDOOHG�WKH�
TXHHQ�RI� WKH�GLVHDVHV�� LW�KDV�EHHQ�NQRZQ�VLQFH�
WLPH�LPPHPRULDO��,W�RFFXSLHV�D�XQLTXH�SODFH�LQ�
KLVWRULFDO�DQQDOV��6RPH�EHOLHYH�WKDW�LW�LV�UHVSRQ�
VLEOH� IRU� WKH� FROODSVH� RI� WKH� 5RPDQ� (PSLUH��
7KURXJKRXW�KLVWRU\�� LWV�YLFWLPV�KDYH�EHHQ�SULQ�
FHV��NLQJV��DQG�JUHDW�FRQTXHURUV��DQG�GXULQJ�WKH�
��WK� FHQWXU\� DORQH�� LW� FDXVHG� WKH� GHDWKV� RI�
EHWZHHQ� ���� DQG� ����PLOOLRQ� SHRSOH�� $QFLHQW�
VFULSWXUHV� DQG� YDULRXV� DUWLIDFWV� WHVWLI\� WKH� ORQJ�
UXOH�RI�PDODULD��&DUWHU�DQG�0HQGLV���������,Q�KLV�
ERRN�RI�PDODULD��&KORXSHN��������GHVFULEHV�PD�
ODULD�DV�WKH�ODUJHVW�HPSLUH�LQ�WKH�ZRUOG��DQG�VXFK�
D�PDODULDO�HPSLUH�LV��IRU�PDQ��DQ�HPSLUH�RI�VDG�
QHVV�DQG�GLVWUHVV��+H�PHQWLRQV�WKH�DUHDV�RI�0D�
FHGRQLD��ZKHUH�KH�VHUYHG�DIWHU�:RUOG�:DU�,��DV�
PDODULD�HQGHPLF��,Q�WKHVH�YLOODJHV��SHRSOH�DUH�DV�
JUD\�DV�WKHLU�KRXVHV��\HOORZ�JUD\�DV�EXUQHG�ODQG��
,I�\RX�ORRN�LQWR�WKHLU�H\HV��WKH�PLUURU�RI�WKH�VRXO��
WKDQ�WKDW�VRXO�LV�RQH�RI�WKH�JUHDW�VXIIHULQJV��7KH�
FRQVWUXFWLRQ�RI�WKH�3DQDPD�&DQDO�ZDV�DQ�XQLTXH�
H[DPSOH�RI�KRZ�GLVHDVH�FDQ�KLQGHU�KXPDQ�SUR�
JUHVV��7KH�3DQDPD�&DQDO�ZDV�RQH�RI�WKH�ODUJHVW��

PRVW�DPELWLRXV�DQG�VLJQLILFDQW�HQJLQHHULQJ�SUR�
MHFWV� LQ�PRGHUQ�KLVWRU\�� ,W�ZDV� DOVR�RQH�RI� WKH�
GHDGOLHVW�YHQWXUHV�LQ�WKH�ZRUOG��:RUN�ZDV�VWRS�
SHG�DIWHU�VHYHUDO�\HDUV�EHFDXVH�RI�WKH�KLJK�PRU�
WDOLW\� RI�ZRUNHUV� RQ� WKH� SURMHFW��0RUH� WKDQ� ���
����SHRSOH�DUH�WKRXJKW�WR�KDYH�GLHG�IURP�WKH�GL�
VHDVH�DQG�WKH�FRQVHTXHQFHV��ZLWK�PDODULD�EHLQJ�
WKH� PDLQ� FDXVH� �:DONHU�� ������� 3UHYDOHQFH� RI�
PDODULD�GHSHQGV�RQ�WKH�SUHYDOHQFH�RI�WKH�YHFWRU��
D�PRVTXLWR�RI�WKH�JHQXV�$QRSKHOHV��$V�PDQ\�DV�
���VSHFLHV�RI�PRVTXLWRHV�RI�WKLV�JHQXV�KDYH�WKH�
DELOLW\�WR�WUDQVPLW�WKH�FDXVH�RI�PDODULD��6LQND�HW�
DO���������4XLQLQH�SOD\HG�DQ�LPSRUWDQW�UROH�GX�
ULQJ�FRORQLDO�FRQTXHVWV��ZKHUH�ZKLWHV�IDFHG�WUR�
SLFDO�GLVHDVHV�DQG�DOVR�LQIOXHQFHG�ZDU�RXWFRPHV�
WKURXJKRXW� WKH� KLVWRU\� �&XUWLQ�� ������ %UXFH�
&KZDWW��������%UDELQ���������0RUH�WKDQ�D�FHQ�
WXU\� DIWHU� WKH� LGHQWLILFDWLRQ�RI� WKH�SDUDVLWH� WKDW�
FDXVHG�PDODULD�DQG�PRUH�WKDQ�KDOI�RI�FHQWXU\�DI�
WHU�WKH�PRVTXLWR�UHSHOOHQWV�DQG�GUXJV�ZHUH�IRXQG�
WR� EH� HIIHFWLYH�� KXQGUHG� RI� PLOOLRQV� RI� SHRSOH�
VWLOO� VXIIHU� IURP�PDODULD�DQG�KXQGUHGV�RI� WKRX�
VDQGV�GLH��HVSHFLDOO\�LQ�WKH�SRRUHVW�SDUWV�RI�WKH�
ZRUOG��0DODULD�LV�WKH�ILIWK�FDXVH�RI�GHDWK�LQ�WKH�
ZRUOG��,Q�PDQ\�SDUWV�RI�WKH�ZRUOG�PDODULD�LV�VWLOO�
WKH� �GLVHDVH� TXHHQ�� DQG� LWV� �HPSLUH�� LV� VWLOO� LQ�
H[LVWHQFH��
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3ODJXH�LV�RQH�RI�WKH�PRVW�GDQJHURXV�EDFWHULDO�
GLVHDVHV�� ,W� LV� FRQVLGHUHG� WKDW� LW� DFFRPSDQLHV�
SHRSOH�IRU�D�ORQJ�SHULRG�RI�WLPH��GHVFULEHG�VLQFH�
DQFLHQW� WLPH�� ,Q�6FULSWXUH��DOO� WKH� WURXEOHV�PDQ�
H[SHULHQFHG��LQFOXGLQJ�KXQJHU�DQG�SODJXH��ZHUH�
D� SXQLVKPHQW� IRU� VLQQHUV�� 3ODJXH� ZDV�
V\QRQ\PXV�IRU�VLFNQHVV��P\VHU\�DQG�VXIIHULQJ��
G\LQJ� IURP� WKH� SODJXH� LQ� WHUULEOH� WRUPHQW� ZDV�
RQH�RI�WKH�DQDWKHPD���'RGLJ���������7KH�SODJXH�
HSLGHPLF�PDUNHG�WKH�HQWLUH�SHULRG�RI�WKH�ODWH�DQG�
SDUW�RI�WKH�HDUO\�0LGGOH�$JHV��7KH�HIIHFW�RI�WKH�
SODQJXH� EHFRPHV� VLJQLILFDQW� IRU� WKH� KLVWRU\� RI�
WKH�PDQNLQG��7KH�FKURQLFOHU�VWDWHV�WKDW��WKH�SOD�
JXH�KDV�VSDUHG�QR�SODFH�ZKHUH�PDQ�OLYHV��QR�LV�
ODQG� RU� FDYH�� QR� mountain peak..." (Meyer,

1961). The causative agent is maintained 
among the wild rodent population, the vector 
is rat flea, which spreads the causative agent 
among rodents. Plague has disappeared from 
Europe for a long time, but is still smoldering 
in hotspots around the world, like Asia, Africa, 
North and South America. It cannot be eradi-
cated because it is widespread in natural re-
servoirs. In many cases, it is shown to be a re-
emergent disease, which recurs after many 
years and continues to pose a threat to public 
health in many countries. 

7<3+86�)(9(5�

7\SKXV� IHYHU� �HSLGHPLF�� LV� FDXVHG� E\�5LF�
NHWWVLD� SURZD]HNLL� WUDQVPLWWHG� E\� ERG\� OLFH�
ZKLFK�LV�LQIHFWHG�E\�VXFNOLQJ�WKH�EORRG�RI�SDWL�
HQWV�DW�WKH�ULFNHWWVLDO�VWDJH��,W�SOD\HG�D�NH\�UROH�
GXULQJ�WKH�ZDUV�LQ�(XURSH�EHWZHHQ�WKH���WK�DQG�
��WK� FHQWXULHV��7KH� ODUJHVW� NQRZQ�HSLGHPLF�RI�
W\SKXV� IHYHU� DIIHFWHG�1DSROHRQCV� DUP\� GXULQJ�
WKH� PLOLWDU\� LQYDVLRQ� RI� 5XVVLD�� 0RUH� WKDQ�
�������� VROGLHU� DUH� WKRXJKW� WR� KDYH� GLHG� IURP�
FROG�ZHDWKHU�DQG�LQIHFWLRXV�GLVHDVHV��DQG�RQH�RI�
WKH�PRVW�VLJQLILFDQW�ZDV�W\SKXV�IHYHU��5DRXOW�HW�
DO��� ������� 7\SKXV� IHYHU� KDV� EHHQ� UHSRUWHG� LQ�
%RVQLD�DQG�+HU]HJRYLQD��DQG�LW�EHJDQ�WR�VSUHDG�
HVSHFLDOO\� UDSLGO\�DIWHU������ LPPHGLDWHO\�DIWHU�
:RUOG�:DU�,,�� ,Q�������RQH�KXQGUHG�RXWEUHDNV�
RI�W\SKXV�IHYHU�RFFXUUHG��ZLWK�WKH�KLJKHVW�LQFL�
GHQFH�LQ�(XURSH�RI����������LQ�HSLGHPLF�DUHDV��
,Q�WKH�FRQWURO�RI�GLVHDVH�� WKH�JXLGHOLQHV�RI�D�X�
QLTXH�SURJUDP�KDYH�EHHQ�XVHG�ZRUOGZLGH�WR�H�
UDGLFDWH�GLVHDVH��6LQFH�������WKHUH�KDYH�EHHQ�QR�
PRUH� UHSRUWHG� FDVHV� RI� W\SKXV� LQ� %RVQLD� DQG�
+HU]HJRYLQD�DQG�WKH�GLVHDVH�KDV�EHHQ�HUDGLFDWHG�
�3XYDþLü�HW�DO����������7KH������ERRN�RI�$XJXVW�
+LUVK�UHDGV���7KH�KLVWRU\�RI�W\SKXV�LV�ZULWWHQ�DV�
WKH�GDUN�SDJH�RI�D�ZRUOG�VWRU\��WKDW�DIIHFWHG�KX�
PDQLW\�GXULQJ�ZDUV��PLVHU\��VXIIHULQJ�DQG�SDLQ�
RI�HYHU\�NLQG������6Q\GHU����������

%HWZHHQ�WKH�����V�DQG�WKH�����V��ODUJH�RX�
WEUHDN�RI�W\SKXV�IHYHU�EHFDPH�OHVV�IUHTXHQW�DQG�
JHRJUDSKLFDO�GLVWULEXWLRQ�GHFOLQHG�GXH�WR�LPSUR�
YHG�OLYLQJ�VWDQGDUGV��'XULQJ�WKLV�SHULRG��VSRUD�
GLF�FDVHV�RI�]RRQRWLF�RULJLQ��LQ�WKH�86��DQG�%ULOO�
=LQVHUCV�GLVHDVH�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUD�
WXUH��,QIHFWLRQ�ZLWK�5��SURZD]HNLL�KDYH�EHHQ�UD�
UHO\�UHSRUWHG�LQ�WKH�86��DQG�IURP������WR�������
D�WRWDO�RI����FDVHV�RI�W\SKXV�IHYHU�ZHUH�UHSRUWHG�
LQ�SHUVRQV�ZKR�KDG�QR�OLFH�DQG�ZHUH�QRW�LQ�FRQ�
WDFW�ZLWK�OLFH��$OPRVW�DOO�RI�WKHVH�FDVHV�ZHUH�LQ�
WKH�HDVWHUQ�8QLWHG�6WDWHV��,Q�PRVW�FDVHV��GLUHFW�RU�
LQGLUHFW� FRQWDFW� ZLWK� IO\LQJ� VTXLUUHOV� �*ODX�
FRP\V�VSS��RU�ZLWK�QHVWV�RI�IO\LQJ�VTXLUUHOV�EH�
IRUH�WKH�RQVHW�RI�WKH�GLVHDVH�KDV�EHHQ�GHPRQVWUD�
WHG��5H\QROGV�HW�DO����������0DMRU�RXWEUHDNV�RI�
W\SKXV� IHYHU� KDYH� PDLQO\� RFFXUUHG� LQ� $IULFD��
ZLWK� FDVHV� UHSRUWHG� LQ� %XUXQGL�� (WKLRSLD� DQG�
5ZDQGD��,Q�(WKLRSLD��WKH�DQQXDO�QXPEHU�RI�FDVHV�
RI� W\SKXV�UDQJHG�IURP�������WR���������H[FHSW�
LQ�������ZKHQ�PRUH�SDWLHQWV�ZHUH�GLDJQRVHG���,Q�
WKH�����V��WKH�ODUJHVW�HSLGHPLF�RFFXUUHG�LQ�%X�
UXQGL� DQG� 5ZDQGD�� ,Q� ������ ������ FDVHV� RI�
W\SKXV� IHYHU�ZHUH� UHSRUWHG� LQ�%XUXQGL� �:+2��
�������'XULQJ�WKH�����V�DQG�����V��W\SKXV�IHYHU�
ZDV� IRXQG� LQ� SRRU� SDUWV� RI� WKH� ZRUOG�� DOZD\V����
DVVRFLDWHG�ZLWK�SRRU�VDQLWDWLRQ��VXFK�DV�SULVRQV�
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RI�UHIXJHH�FDPSV��DQG�WKH�FROGHU�FOLPDWH�LQ�PR�
XQWDLQV� DUHDV�� 2QH� RI� WKH� PRUH� LPSRUWDQW� DQG�
PDMRU� HSLGHPLF� ZDV� UHFRUGHG� LQ� (WKLRSLD� LQ�
�����ZKHQ�FORVH�WR�������SDWLHQWV�ZHUH�UHJLVWH�
UHG���1GLKRNXEZD\R�DQG�5DRXOW��������/HWDLHI��
������/DEUXQD��������� ,Q� UHFHQW�GHFDGHV�� WKHUH�
KDYH�EHHQ�RFFDVLRQDO�RXWEUHDN�LQ�$IULFD��(WKLR�
SLD�� 1LJHULD�� %XUXQGL�� 5ZDQGD�� 8JDQGD���
0H[LFR��&HQWUDO�$PHULFD��6RXWK�$PHULND��HVSH�
FLDOO\�3HUX���(DVWHUQ�(XURSH��$IJKDQLVWDQ��,QGLD�
DQG�&KLQD��,Q�1RUWK�$IULFD��5XVVLD�DQG�.D]DNK�
VWDQ�VSRUDGLF�FDVHV�RU�VPDOO�VXVSHFWHG�RXWEUHDN�
KDYH�EHHQ�LGHQWLILHG��

,Q�DGGLWLRQ�WR�W\SKXV�IHYHU��OLFH�WUDQVPLW�UH�
FXUUHQW� DQG� WUHQFK� IHYHU�� 'LVHDVHV� KDYH� EHHQ�
NQRZQ�IRU�FHQWXULHV�DQG�WKHLU�RFFXUUHQFH�LV�PRVW�
SUHVHQW�GXULQJ�ZDUV��7KH\�FRQWLQXH�WR�EH�D�PDMRU�
SXEOLF�KHDOWK�FRQFHUQ�LQ�D�SRSXODWLRQ�RI�SHRSOH�
OLYLQJ�LQ�SRRU�K\JLHQH�FRQGLWLRQV�GXH�WR�ZDU��YD�
ULRXV�VRFLDO�GLVRUGHUV��KXQJHU�DQG�SRYHUW\��,Q�GH�
YHORSHG�FRXQWULHV��GLVHDVHV�DUH�RIWHQ�SURYHQ� LQ�
KRPHOHVV��DQG�LQ�GHYHORSLQJ�FRXQWULHV�HSLGHPLF�
RI�WKHVH�GLVHDVHV�KDYH�EHHQ�UHSRUWHG�LQ�SULVRQV�
DQG� UHIXJHH� FDPSV� �%DGLDJD� DQG� %URXJXL��
�������

78%(5&8/26,6�$1'�/(3526<�

7ZR�LPSRUWDQW�DQG�XQDYRLGDEOH�GLVHDVHV�FD�
XVHG� E\� P\FREDFWHULD� DUH� WXEHUFXORVLV� DQG� OH�
SURV\��7XEHUFXORVLV�DQG�OHSURV\�H[LVW�VLQFH�SUH�
KLVWRULF�WLPHV��0DQ\�KXPDQ�GHVWLQLHV�KDYH�EHHQ�
DVVRFLDWHG�ZLWK�WXEHUFXORVLV��LW�KDV�DOZD\V�EHHQ�
LQWHJUDO�SDUW�RI�FRPPXQLW\�OLIH��1RZKHUH�LQ�WKH�
DQFLHQW�UHFRUG�LV�WKHUH�D�UHFRUG�RI�LWV�EHJLQQLQJ��
EXW� WKURXJKRXW� WKH� KLVWRU\� LW� KDV� DOZD\V� EHHQ�
SUHVHQW��:KHUH�RWKHU� RXWEUHDN� ODVWHG�ZHHNV�RU�
PRQWKV��WKH�WXEHUFXORVLV�HSLGHPLF�ZRXOG�ODVW�IRU�
D� FHQWXU\� RU� ORQJHU�� 7XEHUFXORVLV� VORZO\� DQG�
TXLHWO\�HQWHUHG�LQ�KRPHV�E\�FUHHSLQJ�LQWR�WKH�KR�
PHV�RI�PLOOLRQV�RI�SHRSOH��RQFH�DUULYHG�DQG�QH�
YHU�OHIW�DJDLQ��,W�DIIHFWHG�ODUJH�QXPEHU�RI�SHRSOH��
DQG�YHU\�RIWHQ�LW�ZDV�FKLOGUHQ�DQG�\RXQJ�SHRSOH�
DW�WKH�EHJLQQLQJ�RI�WKHLU�OLYHV�WKDW�KDG�D�ZLGH�VR�
FLDO� LPSDFW�� ,Q� ��WK� FHQWXU\� LW� VHHPHG� DV�
HYHU\RQH�ZDV�G\LQJ�IURP�WXEHUFXORVLV��7XEHUFX�
ORVLV�KDV�EHFRPH�D�SRSXODU�SKHQRPHQD��ILUVW�DV�
URPDQWLF�UHGHPSWLRQ��DQG�WKDQ�DV�D�UHIOHFWLRQ�RI�
VRFLDO�LOOV��0RUHQV���������1XPHURXV�OLIH�GHVWL�
QLHV� ZHUH� DVVRFLDWHG� ZLWK� WXEHUFXORVLV�� ERRN�
ZRUN�ZHUH�GHGLFDWHG�WR�LW�WKURXJK�FKDUDFWHU�GHV�

FULSWLRQ�RU�WKURXJK�WKH�LOOQHVV�RI�WKH�DUWLVW�KLP�
VHOI��0DQ\�SRHWV�DQG�SDLQWHUV�GLHG�RI�WXEHUFXOR�
VLV�OHDYLQJ�EHKLQG�D�ODUJH�RHXYUH��'XJDF��������
9UJD���������$FFRUGLQJ�WR�WKH�:RUOG�+HDOWK�2U�
JDQL]DWLRQ� DURXQG� WZR� PLOOLRQ� SHRSOH� LQ� WKH�
ZRUOG� VWLOO� GLH� IURP� WXEHUFXORVLV� WRGD\�� DQG���������
DERXW�HLJKW�PLOOLRQ�DUH�DIIHFWHG��-HUHQ����������

/HSURV\�LV�RQH�RI�WKH�ROGHVW�DQG�PRVW�WHUULEOH�
GLVHDVHV� WKDW� SHRSOH� JHW� VLFN�ZLWK�� ,W� KDV� EHHQ�
V\QRQ\PRXV�ZLWK�VWLJPDWL]DWLRQ�DQG�GLVFULPLQD�
WLRQ�GXH�WR�PDMRU�GHIRUPLWLHV�RQ�WKH�ERG\��,W�KDV�
ORQJ�EHHQ�NQRZQ�DV��GHDWK�EHIRUH�GHDWK���'HV�
SLWH�WKHUDS\��LW�LV�VWLOO�HQGHPLF�LQ�VRPH�FRXQWULHV�
�9LVVFKHGLMN� HW� DO��� ������ 'RJUD� HW� DO��� �������
$QQXDOO\����������QHZ�OHSURV\�SDWLHQWV�DUH�GLD�
JQRVHG��$FFRUGLQJ�WR�WKH�:+2�GDWD�LQ�������OH�
SURV\�ZDV�UHSRUWHG�LQ�����FRXQWULHV�RI�WKH�ZRUOG��
DQG�WKHUH�DUH�DSSUR[LPDWHO\�IRXU�PLOOLRQ�SHRSOH�
ZLWK�GLVDELOLWLHV�FDXVHG�E\�OHSURV\�LQ�WKH�ZRUOG��
/HSURV\�KDV�ORQJ�EHHQ�WKRXJKW�WR�EH�MXVW�D�GLVH�
DVH�RI�PDQ��EXW�QDWXUDO�UHVHUYRLUV�RI�OHSURV\�KDYH�
EHHQ�SURYHQ�WR�EH�QLQH�EDQGHG�DUPDGLOOR�LQ�WKH�
86�DQG�6RXWK�$PHULFD��7UXPDQ�HW�DO�����������

6<3+,/,6�

6\SKLOLV� KDV�EHHQ� D� FRQVWDQW� DQG�XQZDQWHG�
FRPSDQLRQ� RI� KXPDQLW\� IRU� RYHU� ���� \HDUV��
6\SKLOLV�KDYH�EHHQ�D�VWLJPDWL]HG��VKDPHIXO�GLVH�
DVH�IURP�WKH�ILUVW�RQVHW��,W�KDV�DIIHFWHG�WKH�OLYHV�

RI� PLOOLRQV� RI� SHRSOH� DPRQJ� DOO� VRFLDO� OD\HUV��
,W�LV�NQRZQ�WKDW�PDQ\�FHOHEULWLHV��YDULRXV�DUWLVWV��
ZULWHUV�� FRPSRVHUV� DQG� JUHDW� KLVWRULFDO� ILJXUHV�
KDYH� EHHQ� LQIHFWHG� ZLWK� V\SKLOLV�� 6\SKLOLV� GLG�

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndihokubwayo%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=10546195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndihokubwayo%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=10546195
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QRW�FKRRVH�WKH�OHYHO�RI�VRFLDO�DQG�HFRQRPLF�VWD�
WXV��LW�DIIHFWHG�HYHU\RQH���6\SKLOLV�LV�D�KXQGUHG�
IDFH�GLVHDVH�DQG�D�JUHDW�LPLWDWRU��7KLV�ROG�HQHP\�
RI�KXPDQLW\��WKRXJKW�WR�EH�RQ�WKH�YHUJH�RI�GHIHDW�
DIWHU�WKH�GLVFRYHU\�RI�SHQLFLOOLQ��RQFH�DJDLQ�VXU�

SULVHG�DQG�UHWXUQHG�FRQWLQXLQJ�WR�DWWUDFW�KXPD�
QLW\CV�DWWHQWLRQ��,Q�WKH�ODVW����\HDUV��GXH�WR�KR�
PRVH[XDO�KDELWV��GUXJ�DEXVH�DQG�+,9�LQIHFWLRQ��
WKH� QXPEHU� RI� LQIHFWHG� SHUVRQV� KDV� LQFUHDVHG�
DJDLQ��ZKLFK�LV�D�SXEOLF�KHDOWK�SUREOHP��0DUL�
QRYLü�DQG�/LSR]HQþLü���������

&+2/(5$�

7KH�PRGHUQ�KLVWRU\�RI�FKROHUD�EHJDQ�LQ������
ZKHQ� H[SORVLYH� FKROHUD� RXWEUHDNV� EHJDQ� WR�
RFFXU�LQ�WKH�%HQJDO�UHJLRQ�DORQJ�WKH�*DQJHV�5L�
YHU�LQ�WKH�,QGLDQ�VXEFRQWLQHQW��ZKHUH�WKH�GLVHDVH�
LV�HQGHPLF��,W�ZDV�WKH�ILUVW�RI�VHYHQ�FKROHUD�SDQ�
GHPLFV� WR� GDWH� WKDW� KDYH� KLW� DOPRVW� WKH� HQWLUH�
ZRUOG� DQG� FDXVHG�PLOOLRQV� RI� GHDWKV� �6LGGLTXH�
DQG�&DVK���������2XWEUHDNV�RI�YDULRXV�GLVHDVHV�
ZHUH�YHU\�FRPPRQ�GXULQJ�WKH���WK�FHQWXU\��DQG�
HVSHFLDOO\�GLIILFXOW�GXULQJ�FKROHUD��ZKLFK�FDXVHG�
YHU\�KLJK�PRUWDOLW\��7KH�QXPEHU�RI�GHDWKV�FDX�
VHG�JUHDW�SDQLF��DQG�SDUWLFXODU�IHDU�DQG�GLVEHOLHI�

ZHUH�WULJJHUHG�E\�WKH�V\PSWRPV�WKDW�WXUQHG�WKH�
KXPDQ�ERG\�LQWR�D�ZUHFN��ZKLFK�PDGH�WKLV�GLVH�
DVH�D�WHUULEOH�PRQVWHU�WKDW�SHRSOH�ZHUH�WHUULILHG�
RII� � �,SãLü���������&KROHUD�RXWEUHDNV�FDXVH�KX�
PDQ�VXIIHULQJ��SDQLF��GLVUXSWLYH�VRFLDO�DQG�HFR�
QRPLF� VWUXFWXUH� DV� ZHOO� DV� FRPPXQLW\� GHYH�
ORSPHQW�ZKHUHYHU� WKH\�RFFXUUHG��1DWXUDO� GLVD�
VWHUV�VXFK�DV�WVXQDPLV��HDUWKTXDNHV�DQG�ZDU�VLJ�
QLILFDQWO\� LQFUHDVH� WKH� ULVN� RI� HSLGHPLFV� ZLWK�
KLJK�PRUWDOLW\�UDWHV����

(0(5*(17�$1'�5(�(0(5*(17�',6($6(6�
$�1(:�7+5($7�72�7+(�:25/'"�

,W�LV�HYLGHQW�WKDW��WKURXJKRXW�WKH�KLVWRU\��LQ�
IHFWLRXV�GLVHDVHV�KDYH�KDG�D� VLJQLILFDQW� LPSDFW�
RQ�WKH�GHYHORSPHQW�DQG�SURVSHULW\�RI�KXPDQLW\��
6RPH�GLVHDVHV�DUH�VXSSUHVVHG�RU�XQGHU�FRQWURO�LQ�
GHYHORSHG�FRXQWULHV��EXW�LQ�WKH�XQGHYHORSHG�R�
QHV��WKH\�VXUYLYH�DQG�DIIHFW�PLOOLRQV�RI�SHRSOH��
%\� WKH� HQG� RI� WKH� WZHQWLHWK� FHQWXU\�� DOPRVW���������
HYHU\RQH�ZDV�FRQYLQFHG�WKDW�WUHDWPHQW��YDFFLQD�
WLRQ�DQG�RWKHU�LQWHUYHQWLRQV�ZRXOG�VRRQ�EH�DEOH�
WR�HUDGLFDWH�PRVW�LQIHFWLRXV�GLVHDVHV��+RZHYHU��
VPDOOSR[� KDYH� EHHQ� HUDGLFDWHG�� EXW� WKH� UHVXOWV�
DUH�GLVDSSRLQWLQJ�LQ�WKH�ILJKW�DJDLQVW�PDODULD�RU�
WXEHUFXORVLV��ZKLFK�DUH�VWLOO�D�SUREOHP�� �6R�LWCV�
QRW�RIWHQ�DERXW�HUDGLFDWLRQ��LWCV�MXVW�DERXW�FRQ�
WUROOLQJ�HQGHPLF�GLVHDVHV���

$IWHU� WKH� DSSHDUDQFH� RI� HPHUJHQW� DQG� UH�������
HPHUJHQW� GLVHDVHV� ZDV� QRWHG�� WKH� ,QVWLWXWH� IRU�
0HGLFLQH�RI�WKH�86�1DWLRQDO�5HVHDUFK�&RXQFLO�
LQ������DSSRLQWHG�D�QLQHWHHQ�PHPEHU�PXOWLGLV�
FLSOLQDU\� FRPPLWWHH� WR� VWXG\� WKH� RFFXUDQFH� RI�
WKH�QHZ�SDWKRJHQV�WKDW�WKUHDWHQ�WKH�KHDOWK�RI�WKH�

QDWLRQ��(PHUJHQF\�LQIHFWLRXV�GLVHDVHV�DUH�WKRVH�
WKDW�DSSHDU�IRU�WKH�ILUVW�WLPH�LQ�D�SRSXODWLRQ��DQG�
UH�HPHUJHQW�RQHV�DUH�WKRVH�WKDW�UHDSSHDU�LQ�D�FHU�
WDLQ�SHULRG�RI� WLPH� LQ�D�SODFH�ZKHUH� WKH\�KDYH�
EHHQ� SUHYLRXVO\� HUDGLFDWHG�� 7KHLU� UHSRUW� IURP�
�����ZDV�HQWLWOHG���1HZ�LQIHFWLRQV�±�D�PLFURELDO�
WKUHDW�WR�86�KHDOWK���7KRXJKW�WKH�GLVFXVVLRQ��LW�
ZDV�FRQFOXGHG�WKDW�WKHUH�DUH�VL[�GLIIHUHQW�IDFWRUV�
WKDW�FDQ�H[SODLQ�WKH�RFFXUDQFH�RI�HPHUJHQW�DQG�
UH�HPHUJHQW� LQIHFWLRXV� GLVHDVHV�� 7KHVH� IDFWRUV�
DUH��KXPDQ�GHPRJUDSKLFV�DQG�EHKDYLRU��WHFKQR�
ORJ\� DQG� LQGXVWU\�� HFRQRPLF� GHYHORSPHQW� DQG�
ODQG�XVDJH��LQWHUQDWLRQDO�WUDYHO�DQG�WKH�PDUNHW��
PLFURELDO� DGDSWDWLRQ� DQG� FKDQJH�� DQG� WKH� FRO�
ODSVH� RI� SXEOLF� KHDOWK� PHDVXUHV� �%UDFKPDQ��
�������(PHUJHQF\�LQIHFWLRXV�GLVHDVHV�UHSUHVHQW�
D�VLJQLILFDQW�EXUGHQ�RQ�JOREDO�HFRQRP\�DQG�SX�
EOLF�KHDOWK��%HWZHHQ������DQG�����������HPHU�
JHQW� LQIHFWLRXV� GLVHDVHV� DSSHDUHG� ZRUOGZLGH��
7KH�KLJKHVW�LQFLGHQFH�ZDV�LQ�����V��DW�WKH�VDPH�
WLPH�DV�WKH�RQVHW�RI�WKH�+,9�SDQGHPLF��=RRQRVHV�
�������� DUH� GRPLQDQW�� DQG� PRVW� ]RRQRVHV�
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��������RULJLQDWH�IURP�ZLOG�DQLPDOV��,W�ZDV�VWD�
WHG� WKDW� LQ�������RI� WKH�FDVHV� WKH�EDFWHULD�DQG�
ULFNHWWVLDH� ZHUH� WKH� FDXVDWLYH� DJHQW�� LQ� ������
WKH�YLUXVHV�ZHUH�WKH�FDXVH��LQ�������RI�WKH�SUR�
WR]RD��LQ������RI�WKH�IXQJXV�DQG�LQ�������RI�WKH�
KHOPLQWV��-RQHV�HW�DO����������

([DFWO\�����\HDUV�DJR��WKH�6SDQLVK�IOX�YLUXV�
ZDV�SUHVHQW�DOO�RYHU�WKH�ZRUOG��9DULRXV�YHU\�VL�
PLODU�DQG�DOWHUHG�DYLDQ�LQIOXHQ]D��+�1���YLUXV��
WKH�SDQGHPLF��QHZ�� LQIOXHQ]D�$��+�1���YLUXV��
RU�VRPH�RWKHU� W\SHV� VXFK�DV�+�1���VWLOO�EULQJV�
IHDU��GLVWXUEDQFH�DQG�GHDWK�WR�FHUWDLQ�SDUWV�RI�WKH�
ZRUOG�WRGD\��,Q�������WKH�:RUOG�+HDOWK�2UJDQL�
]DWLRQ�DQQRXQFHG�WKDW�VPDOOSR[�KDV�EHHQ�GHIHD�
WHG�� D� YLUDO� GLVHDVH� WKDW� KDV� FDXVHG� WKH�KLJKHVW�
QXPEHU�RI�GHDWKV�LQ�KLVWRU\��+RZHYHU��MXVW�D�IHZ�
\HDUV�ODWHU��LQ�WKH�����V��D�QHZ�YLUXV��WKH�$FTX�
LUHG� ,PPXQRGHILFLHQF\� 6\QGURPH� �$,'6�����������
HPHUJHG��ZKLFK�DJDLQ�WHUULILHG�WKH�ZRUOG�ZLWK�LWV�
DSSHDUDQFH�DQG�FRQVHTXHQFHV��,W�LV�D�V\QGURPH�
RI�DFTXLUHG�LPPXQLW\�GHILFLHQF\��ZKLFK�OHDGV�WR�
D� VWDWH� RI� LPSDLUHG� LPPXQLW\��ZKLFK� UHVXOWV� LQ�
WKH� DSSHDUDQFH� RI� YDULRXV� GLVHDVHV� WKDW� ZRXOG�
QRW� RFFXU� LQ� KHDOWK\� SHRSOH�� $FFRUGLQJ� WR� WKH�
:RUOG�+HDOWK�2UJDQLVDWLRQ�������PLOOLRQ�SHRSOH�
ZHUH�OLYLQJ�ZLWK�$,'6�LQ�����������PLOOLRQ�ZHUH�
QHZO\�GLDJQRVHG��DQG�RQH�PLOOLRQ�GLHG�IURP�WKH�
GLVHDVH��+=-=���������,Q�WKH�8QLWHG�6WDWHV��D�IOX�
OLNH�GLVHDVH�DSSHDUHG�LQ�WKH�)RXU�&RUQHUV�UHJLRQ�
LQ�������7KH�SDWLHQWV�GHYHORSHG�VHYHUH�SQHXPR�
QLD�DQG�GLHG��7KH�YLUXV�ZDV�LQLWLDOO\�QDPHG�6LQ�
1RPEUH��619���6SDQLVK�QR�QDPH���ODWHU�LGHQWL�
ILHG�DV�KDQWDYLUXV��DQG�WKH�YLUXVCV�QDWXUDO�UHVHU�
YRLU� LV� WKH� PRXVH� �3HURP\VFXV� PDQLFXODWXV���
7KH�GLVHDVH�LV�UDUH�EXW�YHU\�VHULRXV�DQG�RIWHQ�ID�
WDO� �XS� WR� ������� �7RUUHV�3HUH]� HW� DO��� �������
+HQGUD�YLUXV�LQIHFWLRQ�LV�D�UDUH�]RRQRVLV�WKDW�FD�
XVHV� VHYHUH� DQG� RIWHQ� IDWDO� GLVHDVH� LQ� LQIHFWHG�
KRUVHV�DQG�KXPDQV��$�PDUH�ZLWK�IOX�OLNH�V\PS�
WKRPV�JHW�VLFN��DQG�D� WZR�SHRSOH�JHW�VLFN�ZLWK�
WKH� VDPH� GLVHDVH�� DQG� D� KRUVH� RZHQHU� GLHG� RI�
OXQJ�DQG�NLGQH\�IDLOXUH���/DWHU�LQ�$XVWUDOLD��GR�
]HQV�RI�FDVHV�ZHUH�GHVFULEHG�LQ�KRUVHV�DQG�KX�
PDQV��9LUXV� UHVHUYRLUV� DUH� EDWV��7KH�YLUXV�ZDV�
ILUVW� GHVFULEHG� LQ� ����� LQ�+HQGUD�� D� VXEXUE� RI�

%ULVEDQH�� $XVWUDOLD� �)LHOG�� ������� ,Q� ����� HQ�
FHSKDOLWLV�DQG�UHVSLUDWRU\�GLVHDVHV�LQ�SLJV�ZHUH�
LGHQWLILHG�LQ�0DOD\VLD��6KRUWO\�DIWHU��IDUP�ZRU�
NHUV� EHJDQ� WR� EHFRPH� VLFN� ZLWK� HQFHSKDOLWLV��
2YHU� WKH� WZR�\HDU� SHULRG�� WKHUH� ZHUH� VHYHUDO�
KXQGUHG� FDVHV� RI� GLVHDVH� LQ� SHRSOH� ZLWK� PRUH�
WKDQ�����GHDWKV��$�QLSDK�YLUXV�ZDV�LVRODWHG�IURP�
WKH�EUDLQ�RI�D�SDWLHQW�ZKR�GLHG��,W�ZDV�SDUDPL[R�
YLUXV�ZLWK� VLPLODU� FKDUDFWHULVWLFV� WR� WKH� KHQGUD�
YLUXV��DQG�WKH�UHVHUYRLUV�ZHUH�IRXQG�LQ�EDWV�IURP�
WKH�JHQXV�3WHURSXV�WKDW�DUH�IHG�E\�IUXLW��&DUWHU�
DQG�6DXQGHUV��������$QJ�HW�DO����������7KH�:HVW�
1LOH�YLUXV�ZDV�NQRZQ�DV�HDUO\�DV������ZKHQ�LW�
ZDV�LVRODWHG�IURP�D�ZRPDQCV�EORRG�LQ�WKH�:HVW�
1LOH�DUHD�RI�8JDQGD��,Q�������LQIHFWLRQV�ZHUH�UH�
SRUWHG� LQ�(XURSH�DQG� LQ������ LQ� WKH�86��:HVW�
1LOH�YLUXV�LQIHFWLRQ�LV�D�W\SLFDO�YHFWRU�ERUQH�]R�
RQR]LV��,W�LV�PRVWO\�DV\PSWRPDWLF��LQ�����RI�FD�
VHV���LQ�����RI�LQIHFWHG�LW�LV�PDQLIHVWHG�DV�D�QRQ�
VSHFLILF� IHEULOH�GLVHDVH��DQG� LQ� OHVV� WKDQ����RI�
SDWLHQW�WKHUH�LV�D�QHXURLQYDVLYH�GLVHDVH�PDQLIH�
VWHG� E\�PHQLQJLWLV� DQG� HQFHSKDOLWLV�� �'LIIHUHQW�
VSHFLHV�RI�ELUGV�DUH�WKH�SULPDU\�KRVWV�DQG�UHVH�
YRLUV�RI�WKH�YLUXV��DQG�WKH�PDLQ�YHFWRUV�DUH�PR�
VTXLWRHV��&DUWHU�DQG�6DXQGHUV������������\HDUV�
DJR� ������� 6$56� �6HYHUH� $FXWH� 5HVSLUDWRU\�
6\QGURPH��DSSHDUHG�LQ�&KLQD��,W�LV�D�VHYHUH�YLUDO�
UHVSLUDWRU\�GLVHDVH�WKDW�FDQ�FDXVH�PRUWDOLW\�LQ�XS�
WR�����RI�GLVHDVHG�SHRSOH��.UDMLQRYLü�DQG�%DU�
ãLü���������,Q�������D�QHZ�JOREDO�WKUHDW��D�GLVHDVH�
FDOOHG� 0(56� �0LGGOH� (DVW� 5HVSLUDWRU\� 6\Q�
GURPH�� ZKLFK� FDXVHV� D� VHULRXV� UHVSLUDWRU\�
LOOQHVV��DSSHDUG�LQ�6DXGL�$UDELD��$OWKRXJK�PRVW�
SDWLHQWV� DUH� JHRJUDSKLFDOO\� UHODWHG� WR� WKH� $UD�
ELDQ�3HQLQVXOD��0(56�KDV�DOVR�EHHQ�GHWHFWHG�LQ�
RWKHU�SDUWV�RI�WKH�ZRUOG��7KH�KRVWV�RI�WKH�YLUXV�
DUH� FDPHOV� DQG� LQWHUKXPDQ� WUDQVPLVVLRQ� KDV�
EHHQ�GHPRQVWUDWHG��,Q�WKH�0LGOH�(DVW��PRUWDOLW\�
ZDV�DV�KLJK�DV�������DQG�������LQ�6RXWK�.RUHD�
�3DUN�HW�DO����������$FFRUGLQJ�WR�WKH�:RUOG�+H�
DOWK�2UJDQL]DWLRQ��IURP������WR�GDWH��WKH�GLVHDVH�
KDYH�EHHQ�SURYHQ�LQ����FRXQWULHV��'XULQJ�������
WKH�ZRUOG�ZDV�DOWHUHG�E\�WKH�HPHUJHQFH�RI�D�WHU�
ULEOH� YLUDO� (EROD� GLVHDVH� WKDW� KDV� RFFXUUHG� LQ�
:HVW�$IULFD��0LOOLRQV� RI� SHRSOH� ZHUH� DIIHFWHG�
DQG� WKRXVDQGV�PRUH�EHFDPH� LOO��7KH�GLVHDVH� LV�
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]RRQRVLV��DQG�WKH�YLUXV�KDYH�EHHQ�SURYHQ�LQ�JR�
ULOODV��FKLPSDQ]HHV��IUXLW�EDWV�DQG�DQWHORSHV��-H�
PHUãLü���������

&21&/86,21�

+LVWRULFDOO\�� LQIHFWLRXV� GLVHDVHV� KDYH� KDG� D�
SURIRXQG� LPSDFW� RQ� WKH� KXPDQ� SRSXODWLRQ�� LQ�
FOXGLQJ� LWV� HYROXWLRQ� DQG� GHYHORSPHQW�� 7KH�
RQVHW�RI�WKH�GLVHDVH�LV�QRW�D�VLPSOH�RFFXUUHQFH��LW�
LV�G\QDPLF��PRVW�QHZ�GLVHDVHV�DUH�QRW�FDXVHG�E\�
QHZ�DJHQWV��WKH\�DUH�PRVWO\�NQRZQ��EXW�WKH\�UH�
DSSHDU�LQ�GLIIHUHQW�FLUFXPVWDQFHV��LQ�D�GLIIHUHQW�
ZD\�� PDQ\� GLVHDVH� KDYH� FKDQJHG� WKHLU� LPDJH�
DQG�LPSDFW��$Q�LQFUHDVLQJ�QXPEHU�RI�SRWHQWLDOO\�
SDWKRJHQLF� �RSSRUWXQLVWLF�� PLFURRUJDQLVPV� DUH�
HPHUJLQJ��,W�LV�NQRZQ�WKDW��������RI�LQIHFWLRXV�
DJHQWV�FDQ�DOVR�FDXVH�PDOLJQDQFLHV��7KH\�FDQ�EH�
LGHQWLILHG� DQG� UHFRJQL]HG� EHFDXVH� RI� WKH� QHZ�
DQG�KLJKO\�VHQVLWLYH�WHFKQLTXHV�RI�SURRI��+XPDQ�
DFWLYLWLHV�FRQWULEXWH�WR�WKH�HPHUJHQFH�RI�GLVHDVH��
DQG�YDULRXV�VRFLDO��HFRQRPLF��SROLWLFDO��FOLPDWLF��

WHFKQRORJLFDO�DQG�HQYLURQPHQWDO�IDFWRUV�FDQ�LQ�
IOXHQFH�DQG�VKDSH�LWV�RFFXUUHQFH��7KH�UHDOL]DWLRQ�
WKDW�LQIHFWLRXV�GLVHDVHV�FDQ�EH�FRPSOHWHO\�GHIHD�
WHG�KDV�EHHQ�GRXEWHG�LQ�UHFHQW�\HDUV�E\�WKH�DS�
SHDUDQFH�RI�HPHUJHQW�DQG�UH�HPHUJHQW�GLVHDVHV��
'HVSLWH� WKH� DGYDQFHV� LQ� PHGLFLQH�� VFLHQWLVWV�
KDYH�QRW�\HW�IRXQG�D�SHUPDQHQW�VROXWLRQ�LQ�VRPH�
DUHDV�RI�WKH�ZRUOG�IRU�ORQJ�NQRZQ�GLVHDVHV�VXFK�
DV� PDODULD�� WXEHUFXORVLV� RU� FKROHUD�� 7KH� VSHF�
WUXP�RI�LQIHFWLRXV�GLVHDVHV�LV�H[SDQGLQJ��DQG�WKH�
SUREOHPV�RI�LQIHFWLRQV�DUH�SUHVHQW�LQ�DOO�DVSHFWV�
RI�PHGLFLQH��LW�LV�LQFUHDVLQJO\�FRPSOH[��DQG�WKH�
FKDOOHQJHV� DUH� LQFUHDVLQJO\� GHPDQGLQJ�� ,W� LV�
FOHDU� WKDW�� DW� WKH� EHJLQQLQJ� RI� WKH� QHZ�PLOOHQ�
QLXP��LQIHFWLRXV�GLVHDVHV�DUH�D�PDMRU�DQG�RQJR�
LQJ�WKUHDW�WR�WRGD\CV�VRFLHW\�DQG�FRQWLQXH�WR�EH�
RQH�RI�WKH�JUHDWHVW�NLOOHUV�LQ�WKH�ZRUOG��

5()(5(1&(6�

�� $QJ�%��6��3���/LP�7��&��&���:DQJ�/�� ��������1LSDK�YLUXV� LQIHFWLRQ�� -�&OLQ�0LFURELRO�������
H�����–���

�� $QXãLü�1����������8�VMHQL�YHOLNRJ�UDWD��3DQGHPLMD�ãSDQMROVNH�JULSH������ –������X�VMHYHUQRM
+UYDWVNRM��6UHGQMD�(XURSD��=DJUHE�

�� %HKEHKDQL�$��0����������7KH�VPDOOSR[�VWRU\��OLIH�DQG�GHDWK�RI�DQ�ROG�GLVHDVH��0LFURELRO�5HY
�������–����

�� %RGLDJD�6���%URXTXL�3����������+XPDQ�ORXVH�WUDQVPLWWHG�LQIHFWLXRXV�GLVHDVHV��&OLQ�0LFURE�,Q�
IHFW��������–����

�� %UDELQ�%�� -�� ��������0DODULDҲV� FRQWULEXWLRQ� WR�:RUOG�:DU�2QH� �� WKH�XQH[SHFWHG�DGYHUVDU\�
0DODULD�-RXUQDO������–���

�� %UDFKPDQ�3��6����������,QIHFWLRXV�GLVHDVHV���SDVW��SUHVHQW�DQG�IXWXUH��,QW�-�(SLGHPLRO��������–
����

�� %UXFH�&KZDWW�/��-����������&LQFKRQD�DQG�LWV�DONDORLGV������\HDUV�ODWHU��1<�6WDWH��-�0HG����
���–����

�� &DUWHU�-���6DXQGHUV�:��$����������+HQGUD�YLUXV��1LSDK�YLUXV��,Q��9LURORJ\��-RKQ�:LOH\�	�VRQV�
/WG��&KXFKHVWHU��:HVW�VXVH[��(QJODQG��6WU������

�� &DUWHU�5���0HQGLV�.��1����������(YROXWLRQDU\�DQG�KLVWRULFDO�DVSHFWV�RI�WKH�EXUGHQ�RI�PDODULD�
&OLQ�0LFURELRO�5HY�������–����

��� &KORXSHN�'����������0DODULMD��âNROD�QDURGQRJ�]GUDYOMD��=DJUHE�
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��� &XUWLQ�3��'����������7KH�HQG�RI�WKH��ZKLWH�PDQҲV�JUDYH�"�1LQHWHHQWK�FHQWXU\�PRUWDOLW\�LQ�:HVW
$IULFD��-�,QWHUGLVFLSOLQ�+LV�������������

��� &YHWQLü�ä����������%ROHVWL�NRMH�VX�PLMHQMDOH�VYLMHW��0HGLFLQVND�QDNODGD�+UYDWVNL�YHWHULQDUVNL
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