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FN R OHG HPH WV

, ZRXOG OLNH WR H[SUHVV P GHHS JUDWLWXGH WR P WKHVLV GLUHFWRU /DXUD 7HPLPH DQG FR
VXSHUYLVRU 3DVFDO &UpSH IRU WKHLU JXLGDQFH WKHVH SDVW IHZ HDUV

, ZRXOG OLNH WR RIIHU P VSHFLDO WKDQNV WR Pascal for his encouragement during my masters’ 
LQWHUQVKLS WR SXUVXH D WKHVLV 7KDQN RX IRU DOO WKDW RX KDYH WDXJKW PH RXU KXPRXU RXU
VDUFDVP RXU KRVSLWDOLW DQG IRU JLYLQJ PH WKH RSSRUWXQLW WR WHDFK E RXU VLGH

, ZRXOG DOVR OLNH WR WKDQN /DXUD IRU ZHOFRPLQJ PH LQWR RXU ODE LQ ZKLFK ZH DOO KDYH EHFRPH
OLNH IDPLO IRU RXU NLQGQHVV DQG IRU RXU H[FHSWLRQDO JXLGDQFH DQG DGYLFH 7KLV ZRUN
ZRXOG QRW KDYH EHHQ SRVVLEOH ZLWKRXW WKH ERWK RI RX

, ZRXOG OLNH WR H[SUHVV P JUDWLWXGH WR 3DVFDO VWDJQHDX IRU DOVR HQFRXUDJLQJ PH WR SXUVXH
P LQWHUQVKLS DV D WKHVLV IRU VKDULQJ RXU H[SHUWLVH DQG HVSHFLDOO IRU EHOLHYLQJ LQ PH DQG
WKLV SURMHFW 7KDQNV DUH DOVR LQ RUGHU WR RX DQG RWKHU 35,1&(36 PHPEHUV IRU IXQGLQJ WKH
WKHVLV

, ZRXOG DOVR OLNH WR WKDQN :LOOLDP 'DE IRU ZHOFRPLQJ PH LQWR RXU ODE <RXU HQFRXUDJHPHQW
DQG DGYLFH KDYH EHHQ JUHDWO DSSUHFLDWHG

, DP SDUWLFXODUO JUDWHIXO IRU WKH IUXLWIXO FROODERUDWLRQ JLYHQ E /XOOD 2SDWRZVNL <RXU
VXJJHVWLRQV UHJDUGLQJ P ZRUN KDYH EHHQ H[FHSWLRQDOO KHOSIXO DQG PXFK DSSUHFLDWHG

, ZLVK WR WKDQN 5DQLD VVDE LQ SDUWLFXODU IRU KHU IULHQGVKLS GXULQJ WKH WKHVLV :H KDYH VKDUHG
PDQ VSHFLDO PRPHQWV WRJHWKHU LQ D ORW RI SODFHV HVSHFLDOO WKDW PRPHQW DW WKH EHDFK ZLWK WKH
birds… Your humour DQG SHUVRQDOLW KDV PDGH WKLV H[SHULHQFH YHU HQMR DEOH DQG , ZRXOG
QRW KDYH ZDQWHG WR VKDUH WKHVH SDVW WKUHH HDUV ZLWK DQ RQH HOVH , ZLOO WUHDVXUH DOO RI WKH
ODXJKV 7KDQN RX

7R P ODE PDWHV XGUH -RQDWKDQ /LRQHOOH 7RP .DULP 0RXQLD .pYLQ 6RQLD ,VDEHOOH
+pOqQH DQG -HU PH , JUHDWO DSSUHFLDWH KDYLQJ ZRUNHG ZLWK RX 7KDQN RX IRU DOO RI WKH
ODXJKV IRRG FRQYHUVDWLRQV HPRWLRQDO VXSSRUW DGYLFH DQG KHOSLQJ PH LPSURYH P )UHQFK

7R P IHOORZ 5pVHDX GRFWRUDO IULHQGV QQDEHOOH 6ROHQQ -RQDWKDQ 0pODQLH DQG *ORULD LW
KDV EHHQ D SOHDVXUH RUJDQLVLQJ WKH VHPLQDU DQG VKDULQJ WKLV WKHVLV H[SHULHQFH WRJHWKHU

, ZRXOG OLNH WR DFNQRZOHGJH WKH DVVLVWDQFH IURP PHPEHUV RI 6DQWp 3XEOLTXH )UDQFH %UXQR
&RLJQDUG DQG 9DOpULH 3RQWLqV IRU RXU H[SHUWLVH DQG SURYLGLQJ XV ZLWK WKH GDWD IRU RXU
DQDO VHV

, ZRXOG DOVR OLNH WR DFNQRZOHGJH WKRVH DW (+(63 )HL *DR IRU WHFKQLFDO DVVLVWDQFH WKH
5pVHDX GRFWRUDO IRU HQULFKLQJ P WKHVLV H[SHULHQFH DQG PHPEHUV RI WKH ,'( FRXUVH

6SHFLDO WKDQNV WR 9LWWRULD &ROL]]D DQG %UXQR &RLJQDUG IRU RXU VXSSRUW DV PHPEHUV RI P
WKHVLV IROORZ XS FRPPLWWHH <RXU DGYLFH H[SHUWLVH DQG HQFRXUDJHPHQW DUH PXFK DSSUHFLDWHG

, ZRXOG DOVR OLNH WR H[WHQG P WKDQNV WR WKH UHYLHZHUV RI WKH SXEOLFDWLRQV SURGXFHG GXULQJ WKH
WKHVLV ZKRVH FRPPHQWV KDYH EHHQ YHU KHOSIXO

, DP SDUWLFXODUO JUDWHIXO WR P IULHQGV /LQGVH OH[D LVKD &RXUWQH /RXLVD DQG WKH
VWXGHQWV LQ WKH 03+ ZKR KDYH DOZD V EHHQ YHU VXSSRUWLYH DQG KDYH SURYLGHG JUHDW
FRPSDQ , KDYH OHDUQHG D ORW IURP RX

QG ILQDOO WKDQN RX 7 IRU DOO RI RXU VXSSRUW LQ SDUWLFXODU
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6XPPDU

7KH VSUHDG RI SDWKRJHQV DQG PXOWL GUXJ UHVLVWDQFH LQ KHDOWKFDUH QHWZRUNV LV D PDMRU SXEOLF

KHDOWK LVVXH (YDOXDWLQJ WKH UROH RI LQWHU IDFLOLW SDWLHQW WUDQVIHUV WKDW IRUP WKH VWUXFWXUH RI

WKHVH QHWZRUNV PD SURYLGH LQVLJKWV RQ QRYHO LQIHFWLRQ FRQWURO PHDVXUHV ,GHQWLI LQJ QRYHO

LQIHFWLRQ FRQWURO VWUDWHJLHV LV HVSHFLDOO LPSRUWDQW IRU PXOWL GUXJ UHVLVWDQW SDWKRJHQV VXFK DV

&DUEDSHQHPDVH SURGXFLQJ (QW REDFW LDF D &3( GXH WR OLPLWHG WUHDWPHQW RSWLRQV 7KH

LQFUHDVLQJ XVH RI LQWHU LQGLYLGXDO FRQWDFW DQG LQWHU IDFLOLW WUDQVIHU QHWZRUN GDWD LQ

PDWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH VHWWLQJV KDV KHOSHG WKHVH PRGHOV

EHFRPH PRUH UHDOLVWLF KRZHYHU WKH UHPDLQ OLPLWHG WR D IHZ VHWWLQJV DQG SDWKRJHQV 7KH

PDLQ REMHFWLYHV RI WKLV WKHVLV ZHUH WZR IROG WR EHWWHU XQGHUVWDQG WKH VWUXFWXUH RI WKH

KHDOWKFDUH QHWZRUNV RI )UDQFH DQG WKHLU LPSDFW RQ SDWKRJHQ VSUHDG G QDPLFV DQG WR DVVHVV

WKH UROH RI WUDQVIHUV RQ WKH VSUHDG RI &3( LQ )UDQFH GXULQJ WKH WR SHULRG

7KH )UHQFK KHDOWKFDUH QHWZRUNV DUH FKDUDFWHUL]HG E FHQWUDOL]HG SDWLHQW IORZV WRZDUGV KXEV

KRVSLWDOV DQG D WZR WLHU FRPPXQLW FOXVWHULQJ VWUXFWXUH :H DOVR IRXQG WKDW QHWZRUNV RI

SDWLHQWV ZLWK + ,V IRUP WKH VDPH XQGHUO LQJ VWUXFWXUH DV WKDW RI WKH JHQHUDO SDWLHQW

SRSXODWLRQ 7KH QXPEHU RI &3( HSLVRGHV KDYH LQFUHDVHG RYHU WLPH LQ )UDQFH DQG SURMHFWLRQV

HVWLPDWH WKDW WKH QXPEHU RI PRQWKO HSLVRGHV FRXOG FRQWLQXH WR LQFUHDVH ZLWK VHDVRQDO SHDNV

LQ 2FWREHU 7KH JHQHUDO SDWLHQW QHWZRUN ZDV XVHG WR VKRZ WKDW VLQFH SDWLHQW WUDQVIHUV

KDYH SOD HG DQ LQFUHDVLQJO LPSRUWDQW UROH RYHU WLPH LQ WKH VSUHDG RI &3( LQ )UDQFH 0XOWLSOH

VSUHDGLQJ HYHQWV RI &3( OLQNHG WR SDWLHQW WUDQVIHUV ZHUH DOVR REVHUYHG

'HVSLWH VXEWOH GLIIHUHQFHV LQ WKH IORZV RI SDWLHQWV ZLWK D KHDOWKFDUH DVVRFLDWHG LQIHFWLRQ + ,

DQG WKH JHQHUDO SDWLHQW SRSXODWLRQ WKH JHQHUDO SDWLHQW QHWZRUN PD EHVW LQIRUP QRYHO

LQIHFWLRQ FRQWURO PHDVXUHV IRU SDWKRJHQ VSUHDG 7KH VWUXFWXUH RI KHDOWKFDUH QHWZRUNV PD

KHOS VHUYH DV D EDVLV IRU QRYHO LQIHFWLRQ FRQWURO VWUDWHJLHV WR WDFNOH + ,V LQ JHQHUDO EXW DOVR

&3( LQ SDUWLFXODU .H KHDOWKFDUH KXEV LQ ODUJH PHWURSROHV DQG NH SDWLHQW IORZV FRQQHFWLQJ

KRVSLWDO FRPPXQLWLHV DW WKH ORFDO DQG UHJLRQDO OHYHO VKRXOG EH FRQVLGHUHG LQ WKH GHYHORSPHQW

RI FRRUGLQDWHG UHJLRQDO VWUDWHJLHV WR FRQWURO SDWKRJHQ VSUHDG LQ KHDOWKFDUH V VWHPV

.H ZRUGV KRVSLWDO DFTXLUHG LQIHFWLRQV KHDOWKFDUH QHWZRUNV (QWHUREDFWHULDFHDH SDWLHQW

WUDQVIHUV LQIHFWLRQ ULVN LQIHFWLRQ FRQWURO



Y

5pVXPp

/D SURSDJDWLRQ GHV SDWKRJqQHV QRWDPPHQW OLpHV DX[ EDFWpULHV PXOWL UpVLVWDQWHV DX VHLQ GX

réseau des hôpitaux, est un grand enjeu de santé publique. L’évaluation du rôle joué par les 

WUDQVIHUWV LQWHU pWDEOLVVHPHQWV GHV SDWLHQWV VXU FHWWH SURSDJDWLRQ SRXUUDLW SHUPHWWUH

l’élaboration de nouYHOOHV PHVXUHV GH FRQWU OH L’identification de nouvelles mesures de 

FRQWU OH HVW SDUWLFXOLqUHPHQW LPSRUWDQWH SRXU OHV EDFWpULHV UpVLVWDQWHV DX[ DQWLELRWLTXHV

FRPPH OHV HQWpUREDFWpULHV SURGXFWULFHV GH FDUEDSHQHPDVH (3& SRXU OHVTXHOOHV OHV

SRVVLELOLWpV GH WUDLWHPHQW VRQW WUqV OLPLWpHV L’utilisation des données de réseaux de contact 

LQWHU LQGLYLGXV HW GH WUDQVIHUWV LQWHU pWDEOLVVHPHQW GDQV OD PRGpOLVDWLRQ PDWKpPDWLTXH RQW

UHQGX FHV PRGqOHV SOXV SURFKHV GH OD UpDOLWp 7RXWHIRLV FHV GHUQLHUV UHVWHQW OLPLWpV j TXHOTXHV

PLOLHX[ KRVSLWDOLHUV HW TXHOTXHV SDWKRJqQHV /D WKqVH D HX SRXU REMHFWLIV GH PLHX[

FRPSUHQGUH OD VWUXFWXUH GHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV HW OHXU LPSDFW VXU OD SURSDJDWLRQ GHV

SDWKRJqQHV HW pYDOXHU OH U OH GHV WUDQVIHUWV VXU OD SURSDJDWLRQ GHV (3&

/HV UpVHDX[ KRVSLWDOLHUV IUDQoDLV VRQW FDUDFWpULVpV SDU GHV IOX[ GH SDWLHQWV YHUV GHV KXEV HW SDU

GHX[ QLYHDX[ GH FRPPXQDXWpV GHV K SLWDX[ /D VWUXFWXUH GX UpVHDX GH WUDQVIHUW GHV SDWLHQWV

SUpVHQWDQW XQH LQIHFWLRQ QRVRFRPLDOH ,1 n’est paV GLIIpUHQWH GH FHOOH GX UpVHDX JpQpUDO GH

WUDQVIHUW GHV SDWLHQWV X FRXUV GHV GHUQLqUHV DQQpHV Oe nombre d’épisode d’(3& D DXJPHQWp

HQ )UDQFH HW OHV SUpGLFWLRQV SUpYRLHQW XQH SRXUVXLWH GH FHWWH DXJPHQWDWLRQ DYHF GHV SLFV GH

VDLVRQQDOLWp HQ RFWREUH &H WUDYDLO D pJDOHPHQW PRQWUp TXH GHSXLV OHV WUDQVIHUWV GH

SDWLHQWV MRXHQW DYHF OHV DQQpHV XQ U OH GH SOXV HQ SOXV LPSRUWDQW VXU OD GLIIXVLRQ GHV (3& HQ

)UDQFH 'HV pYqQHPHQWV GH SURSDJDWLRQ PXOWLSOH OLpH DX[ WUDQVIHUWV VRQW pJDOHPHQW GH SOXV HQ

SOXV VRXYHQW REVHUYpV

(Q FRQVpTXHQFH OD VWUXFWXUH GX UpVHDX GHV K SLWDX[ SRXUUDLW VHUYLU GH EDVH SRXU OD SURSRVLWLRQ

GHV QRXYHOOHV VWUDWpJLHV GH FRQWU OHV GHV ,1 HQ JpQpUDO HW GHV (3& HQ SDUWLFXOLHU /HV

K SLWDX[ WUqV FRQQHFWpV GHV JUDQGHV PpWURSROHV HW OHV IOX[ GHV SDWLHQWV HQWUH OHV FRPPXQDXWpV

ORFDOH HW UpJLRQDOH GRLYHQW rWUH FRQVLGpUpV SRXU OH GpYHORSSHPHQW GH PHVXUHV GH FRQWU OH

FRRUGRQQpHV HQWUH pWDEOLVVHPHQWV GH VDQWp

0RWV FOpV LQIHFWLRQV QRVRFRPLDOHV UpVHDX[ KRVSLWDOLHUV HQWpUREDFWpULHV WUDQVIHUWV GHV

SDWLHQWV ULVTXHV LQIHFWLHX[ PHVXUHV GH FRQWU OH



YL

5pVXPp OR XH

, WURGXFWLR

/D SURSDJDWLRQ GHV LQIHFWLRQV QRVRFRPLDOHV ,1 QRWDPPHQW OLpHV DX[ EDFWpULHV PXOWL

UpVLVWDQWHV %05 DX VHLQ GX UpVHDX GHV K SLWDX[ HVW XQ JUDQG HQMHX GH VDQWp SXEOLTXH 3DUWRXW

GDQV OH PRQGH OHV V VWqPHV GH VDQWp IRQW IDFH DX[ ,1 TXL PHQDFHQW OD VpFXULWp GHV SDWLHQWV

KRVSLWDOLVpV HQFRPEUHQW OHV SHUVRQQHOV GH VDQWp HW DXJPHQWHQW OHV FR WV GHV VRLQV /HV ,1

GpILHQW OHV IURQWLqUHV LQWHUQDWLRQDOHV HW VH GLVSHUVHQW GDQV OHV pWDEOLVVHPHQWV GH VDQWp PDOJUp GHV

V VWqPHV GH VXUYHLOODQFH UREXVWHV HW GHV UHFRPPDQGDWLRQV GH PHVXUHV GH SUpYHQWLRQ HW GH

FRQWU OH 3RXU FRPEDWWUH OD SURSDJDWLRQ GHV ,1 HW OHV %05 LO D GRQF XQ EHVRLQ GH QRXYHOOHV

VWUDWpJLHV GH SUpYHQWLRQ HW GH FRQWU OH 1RWDPPHQW OH WUDQVIHUW GH SDWLHQWV G’XQ SD V j XQ DXWUH

HW G’XQ pWDEOLVVHPHQW GH VDQWp j XQ DXWUH HVW DVVRFLpV DYHF OD SURSDJDWLRQ GH EDFWpULHV WUqV

UpVLVWDQWHV DX[ DQWLELRWLTXHV – QRWDPPHQW SRXU GHV HQWpUREDFWpULHV SURGXFWULFHV GH

FDUEDSHQHPDVH (3& OH WUDQVIHUWV GHV SDWLHQWV SHXW rWUH O’XQ GHV IDFWHXUV PDMHXUV OLp j OD

SURSDJDWLRQ VSDWLR WHPSRUHOOH GHV SDWKRJqQHV PDLV DXVVL GHV pSLGpPLHV ,O HVW DLQVL SULPRUGLDO

GH PLHX[ FRPSUHQGUH O’LPSDFW GHV WUDQVIHUWV LQWHU pWDEOLVVHPHQW VXU OD SURSDJDWLRQ GHV

SDWKRJqQHV

&HWWH WKqVH D HX SRXU REMHFWLIV GH PLHX[ FRPSUHQGUH OD VWUXFWXUH GHV UpVHDX[ KRVSLWDOLHUV

IUDQoDLV HW O’LPSDFW GHV WUDQVIHUWV GH SDWLHQWV VXU OD SURSDJDWLRQ GHV ,1 HW pYDOXHU OH U OH GHV

WUDQVIHUWV VXU OD SURSDJDWLRQ GHV (3&

3RXU UpSRQGUH j FHV REMHFWLIV OD SUHPLqUH pWDSH D pWp GH IDLUH XQH UHYXH GH OD OLWWpUDWXUH VXU

O’XWLOLVDWLRQ GHV GRQQpHV GH FRQWDFWV LQWHU LQGLYLGX HW GHV WUDQVIHUWV LQWHU pWDEOLVVHPHQWV 1RXV

DYRQV pYDOXp FRPPHQW O’LQWpJUDWLRQ GHV GRQQpHV VXU GHV UpVHDX[ UpHOV GDQV OD PRGpOLVDWLRQ

PDWKpPDWLTXH D DPpOLRUp OD FRPSUpKHQVLRQ HW OD FDSDFLWp SUpGLFWLYH GH OD SURSDJDWLRQ GHV ,1

GDQV GHV PLOLHX[ KRVSLWDOLHUV 1RXV DYRQV pJDOHPHQW IDLW XQH UHYXH GH OD OLWWpUDWXUH FRQFHUQDQW

O’XWLOLVDWLRQ GH OD EDVH GH GRQQpHV Programme de Médicalisation des Systèmes d’information 

306, TXH QRXV DYRQV H[SORLWpH SRXU OD FUpDWLRQ GHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV

5pFHPPHQW GHV SXEOLFDWLRQV GH PRGqOHV PDWKpPDWLTXHV TXL LQWqJUHQW GHV UpVHDX[ LQWHU

pWDEOLVVHPHQWV RQW DSSURIRQGL OD FRQQDLVVDQFH VXU OD PDQLqUH GRQW OHV ,1 VH SURSDJHQW HW VXU

O’RSWLPLVDWLRQ GHV VWUDWpJLHV GH FRQWU OH 1pDQPRLQV OHV GLIIpUHQFHV HQWUH OHV VWUXFWXUHV GH

UpVHDX[ FRQVWUXLWV DYHF GHV SDWLHQWV DYHF XQ ,1 HW GHV SDWLHQWV HQ JpQpUDO Q’RQW MDPDLV pWp

LOOXVWUpHV /D GHX[LqPH pWDSH GH FHWWH WKqVH D GRQF pWp G’pODERUHU XQH SUHPLqUH GHVFULSWLRQ GHV



YLL

UpVHDX[ KRVSLWDOLHUV IUDQoDLV SXLV GH FRPSDUHU OD VWUXFWXUH GHV UpVHDX[ GH WUDQVIHUW GHV SDWLHQWV

SUpVHQWDQW XQH ,1 j FHOOH GX UpVHDX JpQpUDO GH WUDQVIHUW GHV SDWLHQWV &HWWH pWDSH D SRXU REMHFWLI

GH QRXV SHUPHWWUH GH PLHX[ FRPSUHQGUH OHV GLIIpUHQFHV HQWUH FHV UpVHDX[ HW DXVVL O’LPSDFW GH

FHV VWUXFWXUHV VXU OD SURSDJDWLRQ GHV SDWKRJqQHV GDQV OH V VWqPH GH VDQWp

8Q PRGqOH PDWKpPDWLTXH D HQVXLWH pWp GpYHORSSp SRXU PLHX[ FRPSUHQGUH FRPPHQW OHV

FDUDFWpULVWLTXHV GHV K SLWDX[ GDQV OH UpVHDX KRVSLWDOLHU IUDQoDLV SHXYHQW SUpGLUH OHV pSLGpPLHV

GHV SDWKRJqQHV /HV UpVXOWDWV GH FHV VLPXODWLRQV VHURQW GpFULWV

(QILQ FRQFHUQDQW O’pSLGpPLH (3& HQ )UDQFH DXFXQH pWXGH Q’D SUpGLW OH QRPEUH G’pSLVRGHV

DWWHQGX GDQV XQ IXWXU SURFKH 3RXU UpSRQGUH DX GHX[LqPH REMHFWLI QRXV DYRQV GpFULW HW SUpGLW

O’pSLGpPLH (3& DYHF GHV VpULHV WHPSRUHOOHV HW GHV PRGqOHV 6 5,0 3RXU PLHX[ FRPSUHQGUH

O’LPSDFW GHV WUDQVIHUWV VXU O’pSLGpPLH QRXV DYRQV DXVVL pYDOXp VL OH UpVHDX KRVSLWDOLHU SHXW

H[SOLTXHU O’LQFLGHQFH REVHUYpH HW OD SURSDJDWLRQ GHV pSLVRGHV G’(3& HQ )UDQFH 'DQV XQH

GHUQLqUH pWDSH QRXV DYRQV XWLOLVp GHV PpWKRGHV ED pVLHQQHV SRXU UHFRQVWUXLUH GHV FKDLQHV GH

WUDQVPLVVLRQ GHV pSLVRGHV (3& DILQ GH PLHX[ FRPSUHQGUH OHV G QDPLTXHV GH O’pSLGpPLH HQ

)UDQFH

’pSLGpPLROR LH GHV L IHFWLR V RVRFRPLDOHV

/HV ,1 VRQW GHV LQIHFWLRQV TXL DSSDUDLVVHQW FKH] OHV SDWLHQWV DX PRLQV KHXUHV DSUqV OHXU

DGPLVVLRQ j O’K SLWDO &HV LQIHFWLRQV VRQW OLpHV j O’H[SRVLWLRQ j XQ HQYLURQQHPHQW FRQWDPLQp

SDU GHV SDWKRJqQHV LQIHFWLHX[ GHV SDWLHQWV LQIHFWpV RX GHV SDWLHQWV HW SURIHVVLRQQHOV GH VDQWp

FRORQLVpV – GLWV SRUWHXUV GHV SDWKRJqQHV /’2UJDQLVDWLRQ 0RQGLDOH GH OD 6DQWp 206

HVWLPH OD SUpYDOHQFH PRQGLDOH GHV ,1 j GDQV OHV K SLWDX[ GHV SD V j KDXW UHYHQX HW j

GDQV OHV SD V j PR HQ HW EDV UHYHQX HQ /HV WDSK ORFRT R p HW

( FK LFKLD FROL VRQW OHV SDWKRJqQHV OHV SOXV VRXYHQW LGHQWLILpV GDQV OHV pWDEOLVVHPHQWV GH VDQWp

/HV ,1 VH SURSDJHQW DYHF XQH SUpYDOHQFH pOHYpH GDQV OHV VHUYLFHV GH UpDQLPDWLRQ R OHV SDWLHQWV

OH SOXV YXOQpUDEOHV VRQW WUDLWpV GDQV OHV VHUYLFHV GH UpDQLPDWLRQ LO HVW HVWLPp TXH GHV

SDWLHQWV GDQV GHV K SLWDX[ GHV SD V j KDXW UHYHQX RQW HX DX PRLQV XQH ,1 &H FKLIIUH HVW GHX[

j WURLV IRLV SOXV GDQV OHV SD V j PR HQ HW EDV UHYHQX (Q (XURSH GHV SDWLHQWV VRQW DGPLV

GDQV OHV VHUYLFHV GH UpDQLPDWLRQ PDLV LOV UHSUpVHQWHQW GHV ,1 /H WDX[ GH PRUWDOLWp

GDQV OHV VHUYLFHV GH UpDQLPDWLRQ D pWp HVWLPp HQWUH HW DX[ (WDWV 8QLV (Q

(XURSH GpFqV SDU DQ VRQW DWWULEXpV GLUHFWHPHQW DX[ ,1 'H SOXV FKDTXH DQQpH HQ

(XURSH OHV ,1 VRQW OD FDXVH PLOOLRQV GH MRXUV GH VpMRXU KRVSLWDOLHU HW FR WHQW PLOOLDUG

G’HXURV
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’pSLGpPLROR LH GHV L IHFWLR V RVRFRPLDOHV H )UD FH

(Q )UDQFH OH 5pVHDX G’ OHUWH ,QYHVWLJDWLRQ HW GH 6XUYHLOODQFH GHV ,QIHFWLRQV 1RVRFRPLDOHV

5 ,6,1 JpUp SDU O’,QVWLWXW GH 9HLOOH 6DQLWDLUH ,Q96 6DQWp 3XEOLTXH )UDQFH HVW OH V VWqPH

QDWLRQDO GH VXUYHLOODQFH GHV ,1 VXU OH WHUULWRLUH IUDQoDLV ,O V’DJLW GH FLQT GLIIpUHQWV UpVHDX[ JpUpV

SDU &HQWUHV G’DSSXL SRXU OD 3UpYHQWLRQ GHV LQIHFWLRQV DVVRFLpHV DX[ VRLQV &3LDV

(Q OD SUpYDOHQFH JOREDOH GHV ,1 HQ )UDQFH D pWp HVWLPpH j DYHF XQH LQFLGHQFH GH

/HV ,1 WRXFKHQW SDWLHQWV SDU DQ HQ )UDQFH HW VRQW OD FDXVH G’HQWUH DQG

GHV GpFqV GDQV OHV K SLWDX[ /HV FR WV DQQXHOV DVVRFLpV DX[ ,1 RQW pWp HVWLPp HQWUH

PLOOLRQV G’HXUR HW PLOOLDUG G’HXUR

(Q )UDQFH O’pSLGpPLRORJLH FRQFHUQDQW OHV %05 D FKDQJp GHSXLV /H WDX[ G’LQFLGHQFH GHV

WDSK ORFRFF D UpVLVWDQW j OD PpWLFLOOLQH 6 50 D GLPLQXp GH HQ j HQ

(Q UHYDQFKH O’LQFLGHQFH GHV EDFWpULHV SURGXFWULFHV GH EpWD ODFWDPDVHV j VSHFWUH pODUJL

%/6( D DXJPHQWp GH HQ j HQ /HV TXDWUH %/6( OH SOXV LPSRUWDQWHV

GDQV OHV pWDEOLVVHPHQW GH VDQWp IUDQoDLV VRQW OHV ( FROL .O E L OOD SQ PRQLD (QW REDFW

FORDFD HW (QW REDFW D R Q 'DQV OHV VHUYLFHV G’DQLPDWLRQ GHV FDV RQW HX XQ

6 50 DORUV TXH TXL RQW HX XQ %/6( HQ

HV H WpUREDFWpULHV SURGXFWULFHV GH FDUEDSH HPDVH

/HV HQWpUREDFWpULHV FRPPH ( FROL HW . SQ PRQLDH VRQW GHV SDWKRJqQHV UHVSRQVDEOHV GH

SOXVLHXUV LQIHFWLRQV GDQV OD SRSXODWLRQ ,OV VRQW VRXYHQW DVVRFLpV DX[ ,1 HW VRQW VRXYHQW WUDLWpV

SDU GHV DQWLELRWLTXHV 0DOJUp OH VXFFqV GH FHV WUDLWHPHQWV LO D HX O’pPHUJHQFH GH GLIIpUHQWV

PpFDQLVPHV GH UpVLVWDQFHV FRQWUHV FHV DQWLELRWLTXHV DX ILO GX WHPSV /HV ErWD ODFWDPDVHV SDU

H[HPSOHV VRQW GHV HQ] PHV XWLOLVpV SDU OHV SDWKRJqQHV SRXU HPSrFKHU O’DFWLRQ GHV EHWD ODFWDPH

DQWLELRWLTXHV /HV FDUEDSpQqPHV VRQW HX[ DXVVL GHV DQWLELRWLTXHV SRXU OHVTXHOV FHV SDWKRJqQHV

RQW GpYHORSSpV XQH UpVLVWDQFH &HV HQWpUREDFWpULHV SURGXFWULFHV GH FDUEDSHQHPDVH (3& VRQW

VRXYHQW UpVLVWDQWHV DX[ DXWUHV WUDLWHPHQWV HW VRQW GRQF GLIILFLOHV j VRLJQHU

/D FRQVRPPDWLRQ GHV DQWLELRWLTXHV FRPPH OHV FDUEDSpQqPHV FpSKDORVSRULQHV GH WURLVLqPH

JpQpUDWLRQ FpSKDORVSRULQHV GH TXDWULqPH JpQpUDWLRQ HW OHV IOXRURTXLQRORQHV PDLV DXVVL OH

WUDQVIHUW GHV SDWLHQWV j WUDYHUV OHV IURQWLqUHV LQWHUQDWLRQDOHV RQW pWp LGHQWLILpV FRPPH IDFWHXUV GH

ULVTXH GH FRORQLVDWLRQ HW LQIHFWLRQ SDU OH &HQWUH (XURSpHQ GH 3UpYHQWLRQ HW &RQWU OH GHV

0DODGLHV (&'& FDXVH GHV WUDQVIHUWV LQWHUQDWLRQDX[ GHV SDWLHQWV OHV (3& VH VRQW
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LQVWDOOpV GDQV EHDXFRXS GH SD V j WUDYHUV OH PRQGH HQ FRQVHUYDQW OHXUV GLIIpUHQWV PpFDQLVPHV

GH UpVLVWDQFHV 1RWDPPHQW GHX[ pSLGpPLHV PRQGLDOHV RQW pWp GpFULWHV SDU 1RUGPDQQ HW DO

8QH pSLGpPLH G’XQH VRXFKH GH . SQ PRQLD DYHF GLIIpUHQWV W SHV GH PpFDQLVPHV GH

UpVLVWDQFHV HW XQH pSLGpPLH G’( FROL SULQFLSDOHPHQW DYHF OH PpFDQLVPH GH UpVLVWDQFH 2;

(Q )UDQFH OHV SUHPLHUV FDV VRQW DSSDUXV VXLWH j XQH LPSRUWDWLRQ LQWHUQDWLRQDOH HQ 'HSXLV

SOXVLHXUV pSLGpPLHV RQW pWp REVHUYpHV HW OH QRPEUH G’pSLVRGHV DXJPHQWH FKDTXH DQQpH (Q

)UDQFH OD SOXSDUW GHV (3& VRQW SURGXFWULFHV G’2; XQ PpFDQLVPH TXL HVW DSSDUX HQ

7XUTXLH HQ HW TXL HVW GHYHQX WUqV SUpYDOHQW HQ IULTXH GX 1RUG – XQH UpJLRQ DYHF GH IRUWV

pFKDQJHV GH SDWLHQWV DYHF OD )UDQFH /D PRUWDOLWp DVVRFLpH DX[ (3& HQ )UDQFH HVW HVWLPpH

HQWUH HW FKH] OHV SDWLHQWV LQIHFWpV HQ

D SURSD DWLR GHV L IHFWLR V RVRFRPLDOHV

/H SRLGV GHV ,1 VXU OH V VWqPH GH VDQWp HVW LPSRUWDQW HW LO D XQ EHVRLQ GH PLHX[ FRPSUHQGUH

OD WUDQVPLVVLRQ GH FHV SDWKRJqQHV SRXU PLHX[ OHV FRQWU OHU /HV LQIHFWLRQV VRQW HQ JpQpUDO

WUDQVPLVHV SDU WURLV YRLHV GLUHFWHPHQW LQGLUHFWHPHQW HW GDQV O’DLU (Q SUHQDQW HQ FRPSWH FHV

PRGHV GH WUDQVPLVVLRQ GDQV XQ PLOLHX KRVSLWDOLHU QRXV SRXYRQV DYRLU WURLV pFKHOOHV GH

WUDQVPLVVLRQ GHV ,1 OHV FRQWDFWV LQWHU LQGLYLGXHOV SDWLHQWV HW SURIHVVLRQQHOV GH VDQWp HW OHV

FRQWDFWV DYHF O’HQYLURQQHPHQW OHV FRQWDFWV HW OHV PRXYHPHQWV GHV SDWLHQWV HW SHUVRQQHOV

LQWHU VHUYLFHV DX VHLQ GHV pWDEOLVVHPHQWV HW OHV WUDQVIHUWV GHV SDWLHQWV HQWUHV GHV GLIIpUHQWV

pWDEOLVVHPHQWV GH VDQWp &HV WURLV pFKHOOHV FUpHQW GHV UpVHDX[ GH FRQWDFW RX GH WUDQVIHUW &HV

UpVHDX[ SHXYHQW VHUYLU j H[SOLTXHU OHV G QDPLTXHV GH WUDQVPLVVLRQ GHV ,1 /D QXPpULVDWLRQ D

SHUPLV DX[ FKHUFKHXUV GH SURILWHU GHV GLIIpUHQWHV VRXUFHV GH GRQQpHV SDU H[HPSOH OHV FDSWHXUV

GH PRXYHPHQW RX OHV V VWqPHV pOHFWURQLTXHV GH GRVVLHUV PpGLFDX[ SRXU UHFUpHU FHV UpVHDX[

DYHF GHV GRQQpHV UpHOOHV /’DQDO VH GH FHV UpVHDX[ HW OHXU LQWpJUDWLRQ GDQV GHV PRGqOHV

PDWKpPDWLTXHV D SHUPLV DX[ FKHUFKHXUV GH PLHX[ LOOXVWUHU FRPPHQW OHV KpWpURJpQpLWpV GHV

FRQWDFWV SHXYHQW DLGHU j PLHX[ FRPSUHQGUH OD G QDPLTXH GH WUDQVPLVVLRQ GHV ,1

/HV UpVHDX[ GHV WUDQVIHUWV GHV SDWLHQWV SHUPHWWHQW GH PLHX[ FRPSUHQGUH OD WUDQVPLVVLRQ GHV ,1

(Q OH OLHQ HQWUH OH WUDQVIHUWV GHV SDWLHQWV HW OD WUDQVPLVVLRQ GHV ,1 D pWp GpPRQWUp

4XHOTXHV DQQpHV SOXV WDUG XQ PRGqOH PDWKpPDWLTXH D SULV HQ FRPSWH SOXVLHXUV K SLWDX[ SRXU

HVWLPHU OD SUREDELOLWp GH SRUWDJH GHV LQIHFWLRQ ,1 SDUPL OHV DGPLVVLRQV GHV SDWLHQWV (Q

OH SUHPLHU PRGqOH LQGLYLGX FHQWUp EDVp VXU XQ UpVHDX KRVSLWDOLHU QDWLRQDOH HVW SXEOLpH

YHF G’DXWUHV SXEOLFDWLRQV OHV UpVHDX[ KRVSLWDOLHUV RQW DSSRUWp GH QRXYHOOHV
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FRQQDLVVDQFHV VXU OD SURSDJDWLRQ HW OH FRQWU OH GHV ,1 OHV K SLWDX[ XQLYHUVLWDLUHV MRXHQW XQ

U OH WUqV LPSRUWDQW GDQV OD WUDQVPLVVLRQ GHV ,1 OD FRRUGLQDWLRQ UpJLRQDOH HQWUH OHV GLIIpUHQWV

pWDEOLVVHPHQWV HVW SULPRUGLDOH SRXU REWHQLU OH PHLOOHXU FRQWU OH GHV SDWKRJqQHV ,O D HQ HIIHW

GHV KpWpURJpQpLWpV GHV IOX[ GH SDWLHQWV HW GHV FRPPXQDXWpV G’K SLWDX[ TXL SDUWDJHQW GHV

SDWLHQWV 'H SOXV OD PRGLILFDWLRQ GX QRPEUH GH WUDQVIHUWV OH FKDQJHPHQW GH OD GLUHFWLRQ

G’DGPLVVLRQ OH FKRL[ GHV K SLWDX[ VHQWLQHOOH HW OHV VWUDWpJLHV GH FRQWU OH FRRUGRQQpH HW EDVp

VXU OD VWUXFWXUH GHV FRPPXQDXWpV VRQW WRXWHV GHV QRXYHOOHV SURSRVLWLRQV GH VWUDWpJLHV GH

FRQWU OH TXL VRUWHQW GH FHV pWXGHV

’XWLOLVDWLR GHV GR pHV GH UpVHDX GD V GHV PRGHOpV GH OD SURSD DWLR GHV ,1

/H GpYHORSSHPHQW GHV RXWLOV QXPpULTXHV D SHUPLV DX[ pSLGpPLRORJLVWHV G’XWLOLVHU GLIIpUHQWHV

VRXUFHV GH GRQQpHV SRXU PLHX[ FRPSUHQGUH O’LPSDFW GHV DFWLYLWpV KXPDLQHV VXU OD VDQWp ,O pWDLW

DORUV QpFHVVDLUH G’pYDOXHU O’XWLOLVDWLRQ GHV GRQQpHV UpHOOHV GHV UpVHDX[ LQWHU LQGLYLGXHOV HW LQWHU

pWDEOLVVHPHQWV GDQV OHV PRGqOHV PDWKpPDWLTXHV HW F’HVW FH TXL D MXVWLILp QRWUH SUHPLqUH

SXEOLFDWLRQ VFLHQWLILTXH 1RXV DYRQV pYDOXp OHV GLIIpUHQWHV VRXUFHV GH GRQQpHV HW OHV

PpWKRGHV XWLOLVpHV GDQV GHV PRGqOHV DLQVL TXH OD PDQLqUH GRQW LOV RQW DPpOLRUp OHV FRQQDLVVDQFHV

VXU OD WUDQVPLVVLRQ GHV ,1 GDQV OH PLOLHX KRVSLWDOLHU

1RXV DYRQV H[SORLWp WURLV EDVHV GH GRQQpHV SRXU UHFHQVHU OHV SXEOLFDWLRQV VXU GHV PRGqOHV

PDWKpPDWLTXHV RX PpFDQLVWLTXHV GH OD GLIIXVLRQ GH SDWKRJqQHV GDQV OHV pWDEOLVVHPHQWV GH

VRLQV 0('/,1( :HE RI 6FLHQFH &RUH &ROOHFWLRQ HW ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLF

(QJLQHHUV ,((( ;SORUH 'LJLWDO /LEUDU 'HX[ FHQW VHL]H SXEOLFDWLRQV RQW pWp LGHQWLILpHV GRQW

LQWpJUDQW GHV GRQQpHV GH FRQWDFWV GHV GRQQpHV GH WUDQVIHUWV HW EDVpHV VXU GHV GRQQpHV

GHV UpVHDX[ WKpRUpWLTXHV

/’XWLOLVDWLRQ GH GRQQpHV GH UpVHDX[ GH FRQWDFW LQWHU LQGLYLGXHOV HW GH WUDQVIHUWV LQWHU

pWDEOLVVHPHQWV GDQV OD PRGpOLVDWLRQ PDWKpPDWLTXH D SHUPLV j FHV PRGqOHV G’rWUH SOXV SURFKHV

GH OD UpDOLWp /H QRPEUH GH SXEOLFDWLRQ VXU GHV PRGqOHV GDQV XQ PLOLHX KRVSLWDOLHU TXL XWLOLVHQW

GHV GRQQpHV UpHOOHV D WHQGDQFH j DXJPHQWHU DX ILO GH WHPSV &HV PRGqOHV UHSUpVHQWHQW GH

WRXWHV OHV SXEOLFDWLRQV LGHQWLILpHV MXVTX’DX MDQYLHU /D GLYHUVLWp HQ WHUPHV GH GLIIpUHQWV

W SHV GH VRXUFH GH GRQQHV D DXVVL DXJPHQWp /HV GRQQpHV VXU OHV WUDQVIHUWV SURYLHQQHQW GHV

GRVVLHUV PpGLFDX[ pOHFWURQLTXHV GHV K SLWDX[ G’XQ V VWqPH GH VDQWp QDWLRQDO RX GHV EDVHV GH

GRQQpHV G’DVVXUDQFH /HV GRQQpHV GH FRQWDFWV HQWUH LQGLYLGXV SURYLHQQHQW G’REVHUYDWLRQV GH

TXHVWLRQQDLUHV GHV GRVVLHUV PpGLFDX[ RX SOXV UpFHPPHQW GHV FDSWHXUV



[L

&HSHQGDQW OHV SXEOLFDWLRQV VXU O’LQWpJUDWLRQ GHV GRQQpHV GH UpVHDX[ GDQV GHV PRGqOHV HQ PLOLHX

KRVSLWDOLHU VRQW OLPLWpHV DX[ SD V j KDXW UHYHQX OLPLWpHV DX[ XQLWpV GH VRLQV GH FRXUWH GXUpH HW

GH VRLQV LQWHQVLIV FRPPH OD UpDQLPDWLRQ HW OLPLWpHV DX[ TXHOTXHV SDWKRJqQHV 3DU H[HPSOH

GHV PRGqOHV RQW pWXGLp OHV 6 50 'H SOXV OHV PpWKRGHV G’HVWLPDWLRQ GHV SDUDPqWUHV HW

OD YDOLGDWLRQ GHV PRGqOHV RQW pWp WUqV SHX XWLOLVpHV GDQV FHV DUWLFOHV

0DOJUp FHV OLPLWHV FHV PRGqOHV RQW SURSRVpV GHV VWUDWpJLHV GH FRQWU OH GHV ,1 SOXV HIILFDFHV HW

SOXV SUpFLVHV JUkFH DX[ GRQQpHV 3DU H[HPSOH OHV GRQQpHV RQW SHUPLV DX[ FKHUFKHXUV GH PLHX[

FRPSUHQGUH FRPPHQW OHV YDULDWLRQV GHV FRQWDFWV LQWHU LQGLYLGXHOV SHXYHQW PLHX[ H[SOLTXHU OD

SURSDJDWLRQ GHV SDWKRJqQHV %HDXFRXS GH SXEOLFDWLRQV RQW pWXGLp O’LPSDFW GX UHVSHFW GHV UqJOHV

G’K JLqQH GHV PDLQV HW GHV GLIIpUHQWHV VWUDWpJLHV GH GpSLVWDJHV GHV SDWLHQWV HQ SUHQDQW HQ FRPSWH

OHV FRQWDFWV /HV PRGqOHV GH WUDQVIHUWV GHV SDWLHQWV DIILUPHQW O’LPSRUWDQFH GH OD FRRUGLQDWLRQ

UpJLRQDOH GHV VWUDWpJLHV GH FRQWU OH HQWUHV OHV K SLWDX[ SRXU PLHX[ JpUHU OHV pSLGpPLHV G’,1

&HV SXEOLFDWLRQV RQW DXVVL GpFULW OD VWUXFWXUH GH FHV UpVHDX[ HQ XWLOLVDQW O’DQDO VH GH UpVHDX[

VRFLDX[ SRXU LGHQWLILHU GHV KXEV – GHV K SLWDX[ WUqV FRQQHFWpV TXL MRXHQW XQ U OH WUqV

LPSRUWDQW GDQV OD VWUXFWXUH GX UpVHDX – HW XQH VWUXFWXUH GH FRPPXQDXWp GHV K SLWDX[ TXL

SDUWDJHQW OD PrPH SRSXODWLRQ GHV SDWLHQWV

/’XWLOLVDWLRQ GHV GRQQpHV GH UpVHDX GDQV OD PRGpOLVDWLRQ HVW GHYHQXH SOXV IUpTXHQWH /HV

PRGqOHV HQ PLOLHX[ KRVSLWDOLHUV RQW DSSRUWp EHDXFRXS GH FRQQDLVVDQFH VXU OD SURSDJDWLRQ GHV

SDWKRJqQHV PDLV DXVVL OHXU FRQWU OH 'H QRXYHOOHV LQQRYDWLRQV VXU OH UHFXHLO GHV GRQQpHV HW OHXU

XWLOLVDWLRQ GDQV OD PRGpOLVDWLRQ VRQW QpFHVVDLUHV SRXU PLHX[ FRPSUHQGUH GHV G QDPLTXHV GHV

,1 GDQV OHV pWDEOLVVHPHQWV GH VDQWp

D EDVH GH GR pHV 306,

3RXU FRQVWUXLUH OHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV QRXV DYRQV H[SORLWp OD EDVH GH GRQQpHV

3URJUDPPH GH 0pGLFDOLVDWLRQ GHV 6 VWqPHV G’LQIRUPDWLRQ 306, &HWWH EDVH GH GRQQpHV HVW

H[KDXVWLYH VXU OHV DFWLYLWpV KRVSLWDOLqUHV HW FRQWLHQW SRXU FKDTXH VpMRXU G’XQ SDWLHQW KRVSLWDOLVp

XQ UpVXPp GH VRUWLH VWDQGDUGLVp 566 &KDTXH pWDEOLVVHPHQW GH VDQWp HVW LGHQWLILp DYHF XQ

)LFKLHU 1DWLRQDO GHV (WDEOLVVHPHQWV 6DQLWDLUHV HW 6RFLDX[ HW FKDTXH VpMRXU HVW QXPpURWp FH TXL

QRXV SHUPHW GH UHFRQVWUXLUH OH IOX[ GHV SDWLHQWV HQWUHV OHV pWDEOLVVHPHQWV

1RXV DYRQV IDLW XQH UHYXH GH OD OLWWpUDWXUH SRXU pYDOXHU O’XWLOLVDWLRQ GH OD 306, SRXU OHV pWXGHV

pSLGpPLRORJLTXHV GHV ,1 6HSW SXEOLFDWLRQV RQW pWp LGHQWLILpHV VXU OD EDVH 0('/,1( 3OXVLHXUV

SXEOLFDWLRQV RQW PRQWUp TXH O’XWLOLVDWLRQ GX FRGH &ODVVLILFDWLRQ ,QWHUQDWLRQDOH GHV 0DODGLHV

&,0 SRXU OHV ,1 – < – Q’D pWp SDV VXIILVDQW HQ WHUPHV GH VHQVLELOLWp HW GH VSpFLILFLWp SRXU
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LGHQWLILHU OHV SDWLHQWV DYHF GHV ,1 GDQV OH 306, '’DXWUHV FRGHV GLDJQRVWLTXHV UHFRPPDQGpV

SDU OH V VWqPH GH VXUYHLOODQFH RQW pWp pYDOXpV HW XQH pWXGH D PRQWUp TXH FHV FRGHV RQW DPpOLRUp

OD GpWHFWLRQ GHV ,1 HQ WHUPHV GH VHQVLELOLWp HW GH VSpFLILFLWp /H 306, HVW XQH EDVH WUqV

H[KDXVWLYH DYHF EHDXFRXS G’LQIRUPDWLRQ VXU OHV WUDMHFWRLUHV GHV SDWLHQWV FHSHQGDQW SRXU

LGHQWLILHU OHV SDWLHQWV DYHF XQ ,1 O’XWLOLVDWLRQ GHV DXWUHV FRGHV GLDJQRVWLTXHV D pWp QpFHVVDLUH

HV UpVHDX[ KRVSLWDOLHUV IUD oDLV

/HV pWXGHV LGHQWLILpHV GDQV QRWUH UHYXH GH OD OLWWpUDWXUH RQW PRQWUp TXH OD WUDQVPLVVLRQ GHV ,1

pWDLW GpSHQGDQWH GH OD VWUXFWXUH GHV UpVHDX[ KRVSLWDOLHUV HW GHV WUDQVIHUWV GH SDWLHQWV

&HSHQGDQW FHV UpVHDX[ VRQW EDVpV VXU OHV WUDQVIHUWV GH WRXV OHV SDWLHQWV VDQV GLVWLQFWLRQ GHV

SDWKRORJLHV 1RWUH REMHFWLI D pWp GH PHWWUH HQ FRPSDUDLVRQ OH UpVHDX GH WUDQVIHUWV GH WRXV OHV

SDWLHQWV HW FHOXL GHV SDWLHQWV SUpVHQWDQW XQH ,1 (Q XWLOLVDQW OHV GRQQpHV GHV WUDQVIHUWV GH

PLOOLRQV GH SDWLHQWV HQ HQ )UDQFH WURLV UpVHDX[ KRVSLWDOLHUV IUDQoDLV RQW pWp FRQVWUXLWV HW

GpFULWV XQ UpVHDX GH WUDQVIHUWV GH WRXV OHV SDWLHQWV XQ UpVHDX GH WUDQVIHUWV GHV SDWLHQWV

SUpVHQWDQW XQH ,1 FRGpH DYHF OH FRGH < HW XQ UpVHDX GHV WUDQVIHUWV GHV SDWLHQWV VXVSHFWV

d’avRLU SUpVHQWp XQH ,1 DYHF GHV FRGHV DGGLWLRQQHOV WHOV TXH GpFULWV SDU *HUELHU HW DO /HV

WURLV UpVHDX[ RQW pWp FRPSDUpV HQ WHUPHV GH IOX[ GHV SDWLHQWV WRSRORJLH GX UpVHDX HW

FRPPXQDXWp GHV K SLWDX[

/H UpVHDX GH WRXV OHV SDWLHQWV pWDLW FRPSRVp GH K SLWDX[ HW OLHQV /H UpVHDX GHV

patients suspectés d’avoir présenté une IN était composé de 1 975 hôpitaux et 18 812 

FRQQH[LRQV GH WUDQVIHUWV /H UpVHDX GHV SDWLHQWV SUpVHQWDQW XQH ,1 DYHF OH FRGH <

pWDLW FRPSRVp GH K SLWDX[ HW FRQQH[LRQV GH WUDQVIHUWV /H QRPEUH PR HQ

GH FRQQH[LRQV GHV K SLWDX[ DX VHLQ GH FKDTXH UpVHDX pWDLW GH HW /H PR HQ QRPEUH

GH SDWLHQWV WUDQVIpUpV GDQV FKDTXH OLHQ pWDLW GH HW SDWLHQWV

/HV UpVHDX[ RQW pWp FDUDFWpULVpV Fomme des réseaux invariants d’échelle (dont les degrés suivent 

XQH ORL GH SXLVVDQFH DYHF GHV IOX[ KpWpURJqQHV PDLV WUqV FHQWUDOLVpV /HV GHJUpV UHSUpVHQWHQW OH

nombre de connexions d’un hôpital à l’autre au sein du réseau. Des réseaux avec des invariants 

d’échelle ont une distribution des degrés dont la plupart des hôpitaux sont très peu connecté 

FRPSDUHU DX[ DXWUHV TXL VRQW WUqV FRQQHFWpV &HV K SLWDX[ WUqV FRQQHFWpV VRQW GHV KXEV –

GHV K SLWDX[ SULYpV GHV FHQWUHV KRVSLWDOLHUV HW GHV FHQWUHV KRVSLWDOLHUV XQLYHUVLWDLUHV /HV

K SLWDX[ GDQV OHV WURLV UpVHDX[ RQW pWp FODVVpV SDU OHXU GHJUp HW RQW pWp FRPSDUpV DYHF XQ WHVW GH

Wilcoxon. Il n’y avait pas une différence significative entres les « hubs » dans les trois réseaux 

PDOJUp OD GLIIpUHQFH GH WDLOOH GHV UpVHDX[ HW OD SRSXODWLRQ GHV SDWLHQWV /HV UpVHDX[ RQW HX DXVVL
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XQ HIIHW GX SHWLW PRQGH GRQW HQWUH WURLV j FLQT WUDQVIHUWV RQW pWp VXIILVVHQW SRXU WUDQVIpUHU

GHV SDWLHQWV j WRXV OHV K SLWDX[ GDQV OH UpVHDX

(WDQW GRQQp TXH OHV UpVHDX[ VRQW GH WDLOOH GLIIpUHQWHV QRXV DYRQV GpYHORSSp XQH DQDO VH SRXU

PLHX[ FRPSUHQGUH OHV GLIIpUHQFHV HQWUHV OHV VWUXFWXUHV GH FHV WURLV UpVHDX[ 1RXV DYRQV FRPSDUp

GHV FDUDFWpULVWLTXHV GX UpVHDX GH WRXV OHV SDWLHQWV DYHF OHV YDOHXUV PR HQQHV GH PLOOH UpVHDX[

FRQVWUXLWV GX PrPH QRPEUH GH SDWLHQWV GHV UpVHDX[ GHV SDWLHQWV SUpVHQWDQW GHV ,1 &HV PLOOH

UpVHDX[ RQW pWp FRQVWUXLWV DYHF OH PrPH QRPEUH GH SDWLHQWV VpOHFWLRQQpV DOpDWRLUHPHQW GDQV OD

SRSXODWLRQ JOREDOH GH WRXV OHV SDWLHQWV 3RXU OH GLDPqWUH OD GLVWDQFH HQWUH GHX[ K SLWDX[ pWDQW

GpILQLH FRPPH OD GLVWDQFH OD SOXV ORQJXH GHV SOXV FRXUWV FKHPLQV HQWUH GHX[ K SLWDX[ OD

PR HQQH GHV FRXUWV FKHPLQV HQWUHV OHV K SLWDX[ HW OH FRHIILFLHQW GH FOXVWHULQJ QRPEUH GH

WULDQJOHV GDQV OH UpVHDX FHV FDUDFWpULVWLTXHV RQW pWp SOXV VLPLODLUHV DX[ UpVHDX[ GHV SDWLHQW

SUpVHQWDQW GHV ,1 TXH OH UpVHDX GH WRXV OHV SDWLHQWV dD YHXW GLUH TXH OHV GLIIpUHQFHV REVHUYpHV

HQWUH FHV WURLV UpVHDX[ RQW pWp DVVRFLpHV j OD GLIIpUHQFH GH WDLOOH HW QH SDV DX[ WUDQVIHUWV &HV

DQDO VHV RQW PRQWUp Tue la structure du réseau de transfert des patients présentant une IN n’est 

SDV GLIIpUHQWH GH FHOOH GX UpVHDX JpQpUDO GH WUDQVIHUW GHV SDWLHQWV

1RXV DYRQV pYDOXp OD VWUXFWXUH GHV FRPPXQDXWpV GDQV OHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV 8QH

FRPPXQDXWp HVW définie comme un groupe d’hôpitaux qui partagent la même population des 

patients. En utilisant l’algorithme *UHHG QRXV DYRQV LGHQWLILp FRPPXQDXWpV

d’hôpitaux. L’analyse des distances géographiques (grâce à la géolocalisation) entre les 

K SLWDX[ GH OD PrPH FRPPXQDXWp D PRQWUp TXH FHV UpVHDX[ FRUUHVSRQGHQW DX[ UpJLRQV

DGPLQLVWUDWLYHV GH OD )UDQFH 4XDWUH YLQJW WUHL]H SRXU FHQW GHV SDWLHQWV RQW pWp SDUWDJpV HQWUH

GHV K SLWDX[ GH OD PrPH FRPPXQDXWp 1RXV DYRQV DXVVL XWLOLVp XQ DXWUH DOJRULWKPH SRXU

LGHQWLILHU GHV FRPPXQDXWpV SUHQDQW HQ FRPSWH OD GLUHFWLRQ GHV PRXYHPHQWV GHV SDWLHQWV HW DXVVL

OH QRPEUH GH SDWLHQWV GDQV FKDTXH OLHQ 1RXV DYRQV REVHUYp FRPPXQDXWpV DX QLYHDX

ORFDO TXL FRUUHVSRQGDLW DX[ GpSDUWHPHQWV GH OD )UDQFH 4XDWUH YLQJW SRXUFHQW GHV SDWLHQWV RQW

été partagées entres des hôpitaux de ces communautés. En France, nous avons montré qu’il y a 

GHV FRPPXQDXWpV j GHX[ QLYHDX[ DX QLYHDX ORFDO GHV WUDQVIHUWV HQWUH GHV GpSDUWHPHQWV HW DX

QLYHDX UpJLRQDO /HV WUDQIHUWV VXLYHQW XQ PRXYHPHQW FHQWUDOLVp HQ )UDQFH : d’abord vers un ou 

GHX[ K SLWDX[ GDQV OH GpSDUWHPHQW SXLV YHUV OH FHQWUH KRVSLWDOLHU XQLYHUVLWDLUH GH OD UpJLRQ

SXLV HQWUH OHV UpJLRQV SXLV LQWHU UpJLRQDO DYHF XQH SUpGRPLQDQFH FHQWUpH VXU O ,OH GH )UDQFH YHUV

,OH GH )UDQFH
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8 H pWXGH GH VLPXODWLR GHV pSLGpPLHV VXU OHV UpVHDX[ KRVSLWDOLHUV

8QH pWXGH SUpOLPLQDLUH D pWp PHQpH HQ GpEXW GH WKqVH SRXU PLHX[ FRPSUHQGUH FRPPHQW GHV

SDWKRJqQHV SHXYHQW VH SURSDJHU DX VHLQ GHV UpVHDX[ KRVSLWDOLHUV (Q XWLOLVDQW OHV UpVHDX[

KRVSLWDOLHUV GH VLPLODLUHV DX[ WURLV UpVHDX[ GH QRXV DYRQV GpYHORSSp XQ PRGqOH

PDWKpPDWLTXH 6,6 OHV pWDEOLVVHPHQWV GH VDQWp VRQW GDQV XQ pWDW VRLW 6XVFHSWLEOH VRLW ,QIHFWp

selon la probabilité des patients d’être infectés ou d’être SRUWHXU d’une infection dans 

l’établissement). Les simulations ont montré que des établissements très connectés en termes 

GH GHJUpV QRPEUH GH FRQQH[LRQV SXLVVDQFH QRPEUH GH SDWLHQWV WUDQVIpUpV HW

EHWZHHQQHVV U OH LQWHUPpGLDLUH RQW SUpGLW GH WUqV IRUWHs probabilités d’épidémie. Ces 

FDUDFWpULVWLTXHV SHXYHQW SUpGLUH VL XQ pWDEOLVVHPHQW SHXW HQWUHWHQLU XQH pSLGpPLH GDQV OH UpVHDX

'HV pWDEOLVVHPHQWV WUqV FRQQHFWpV GRLYHQW rWUH GHV FLEOHV SRXU GHV PHVXUHV GH FRQWU OH GHV ,1 j

XQH JUDQGH pFKHOOH &HSHQGDQW XQH UHFKHUFKH FRPSOpPHQWDLUH HVW QpFHVVDLUH SRXU PLHX[

évaluer l’impact des diffèrent mesures de contrôlH VXU FHV UpVHDX[

3UpGLFWLR GH RPEUHV GHV pSLVRGHV G’(3& H )UD FH

/HV ,1 FRXYUHQW XQ ODUJH VSHFWUH GH SDWKRJqQHV 3RXU UpSRQGUH j O XQ GHV SUREOqPHV PDMHXUV GH

VDQWp SXEOLTXH – OD UpVLVWDQFH DX[ DQWLELRWLTXHV – OD WKqVH D HX SRXU REMHFWLI GH GpFULUH

l’épidémie des EPC en France. Le nombre d’épisodes d’EPC n’a eu cesse d’augmenter depuis 

OHXU LQWURGXFWLRQ HQ ,O D HX pSLVRGHV HQWUH VHSWHPEUH HW GpFHPEUH

collectés par le système de surveillance le Réseau d’Alerte, Investigation et de Surveillance des 

,QIHFWLRQV 1RVRFRPLDOHV 5 ,6,1

La majorité des épisodes d’EPC en France ont le PpFDQLVPH GH UpVLVWDQFH 2; 8Q WRWDO

de 1 110 épisodes a été lié à des cas importés pendant toute la période. L’épisode avec le plus 

grand nombre de cas (n = 194) est survenu en septembre 2012 d’une souche OXA VXLYL

d’une épidémie de 149 cas en octobre 2012 d’OXA 48. Ces deux épidémies n’ont pas été liées 

à l’importation internationale de souches OXA /D PDMRULWp GHV pSLVRGHV Q  D HX OLHX

j 3DULV GDQV OD UpJLRQ ,OH GH )UDQFH DYHF OD PDMRULWp Q  pWDQW liée à l’importation 

LQWHUQDWLRQDOH /HV GHX[LqPH HW WURLVLqPH pSLVRGHV OHV SOXV IUpTXHQWV VH VRQW SURGXLWV GDQV OHV

GpSDUWHPHQWV YRLVLQV GX 9DO GH 0DUQH Q  HW GHV +DXWV GH 6HLQH Q  &HV pSLVRGHV

RQW pWp GRPLQpV SDU 2; Q  j 3DULV HW Q  HQ 9DO GH 0DUQH UHVSHFWLYHPHQW VXLYL

d’un autre mécanisme de résistance – 1'0 Q  j 3DULV HW Q  GDQV OHV +DXWV GH 6HLQH

UHVSHFWLYHPHQW /D SOXSDUW GHV FDV GH .3& XQ PpFDQLVPH GH UpVLVWDQFH VH WURXYHQW GDQV OH

9DO GH 0DUQH Q  VXLYL GH 3DULV Q  /HV FDV 2; pWDLHQW OHV SOXV IUpTXHQWV HW OHV



[Y

SOXV GLVSHUVpV FRXYUDQW GpSDUWHPHQWV VXU XQ WRWDO GH GpSDUWHPHQWV GpSDUWHPHQWV

continentaux dont la Corse, Monaco et 5 départements d’outre PHU

1RXV DYRQV XWLOLVp GHV PRGHOpV 6 5,0 SRXU SUpGLUH OH QRPbre d’épisodeV DWWHQGX j OD ILQ GH

2019. Le modèle a prédit un nombre croissant d’épisodes au cours du temps : une moyenne 

estimée de 122 épisodes d’EPC par mois à la fin de 2016, 151 épisodes EPC par mois à la fin 

GH pSLVRGHV (3& SDU PRLV j OD ILQ GH HW pSLVRGHV (3& SDU PRLV j OD ILQ GH

2019. Le pic de nombre d’épisodes a été attendu en octobre de chaque année. Nous prévoyons 

une augmentation du nombre d’épisodes d’un seul cas (jusqu’à 200 épisodes par mois d’ici la 

ILQ GH HW OD Vtabilisation des épisodes avec plus d’un cas (moins de 25 épisodes par mois 

à la fin de 2019). Le nombre d’épisodes non associés à un cas importé devrait augmenter à un 

U WKPH SOXV pOHYp TXH FHOXL GHV pSLVRGHV DVVRFLpV j XQ FDV LPSRUWp FH TXL VXJJqUH TXH OD

SURSDJDWLRQ ORFDOH VRXWLHQGUDLW O’pSLGpPLH Les épisodes d’OXA pWDLHQW SUpGLWV GH FRQWLQXHU

j GRPLQHU j XQ WDX[ SOXV pOHYp TXH FHOXL GHV pSLVRGHV 1'0 .3& HW 9,0 (Q OH QRPEUH

d’épisodes NDM était plus élevé que celui du KPC et du VIM. À OD ILQ GH HW

XQH PR HQQH GH HW 2; pSLVRGHV SDU PRLV D pWp SUpGLWH /HV FDV GH

1'0 GHYUDLHQW pJDOHPHQW DXJPHQWHU DYHF XQH PR HQQH SUpYXH GH pSLVRGHV 3, >

3, > 31]) par mois d’ici la fin de 201

En conclusion, le nombre d’épisodes d’EPC en France a augmenté au fil des ans. Le nombre 

d’épisodes devrait augmenter jusqu’à atteindre le double du nombre d’épisodes d’ici la fin de 

2019 par rapport à la fin de 2015. Les épisodes non liés à l’importatiRQ LQWHUQDWLRQDOH GHYUDLHQW

prédominer et soutenir l’épidémie. Des précautions doivent être prises pour contrôler la 

SURSDJDWLRQ ORFDOH GHV (3& GDQV OHV DQQpHV j YHQLU

H U OH GX UpVHDX GHV WUD VIHUWV GD V OD WUD VPLVVLR HW L FLGH FH G’(3& H )UD FH

/D Slupart des épisodes d’EPC en France observés au cours des années ont été associés aux 

WUDQVIHUWV WUDQVIURQWDOLHUV HW ORFDX[ HQWUH OHV pWDEOLVVHPHQWV GH VDQWp 3DU FRQVpTXHQW DILQ

de mieux comprendre l’épidémie d’EPC et comment le mieux contrôler, ceWWH WKqVH D pJDOHPHQW

impliqué l’évaluation de l’impact des modèles de transfert de patients sur la propagation des 

(3& (Q XWLOLVDQW OH UpVHDX GH WRXV OHV SDWLHQWV GpFULW SUpFpGHPPHQW HQ )UDQFH HQ

l’étude reposait sur la méthode statistique puEOLpH SUpFpGHPPHQW SRXU WHVWHU HPSLULTXHPHQW OD

contribution de ce réseau sur la propagation d’EPC au cours de la période 2012 à 2015 (197).

Sur les 2 273 épisodes d’EPC signalés entre 2012 et 2015, nous avons identifié l’épisode le plus 

probable d’avoir infecté chaque cas d’incident non LPSRUWp Q  HQ VpOHFWLRQQDQW OHV
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pSLVRGHV FDQGLGDWV D DQW OD GLVWDQFH DX VHLQ GX UpVHDX OD SOXV FRXUWH GH FKDTXH pSLVRGH LQFLGHQW

/D GLVWULEXWLRQ GHV GLVWDQFHV OHV SOXV FRXUWHV D pWp FRPSDUpH j VLPXODWLRQV GH SHUPXWDWLRQV

des données. La distribution spatiale des contaminateurs potentiels et des épisodes d’incidents 

RQW pWp pJDOHPHQW GpFULWV

4XDWUH YLQJW dix pourcent des épisodes d’incidents avaient un épisode potentiellement 

LQIHFWLHX[ LGHQWLILp SRXU WRXWH OD période d’étude ; toutefois, lorsque nous avons stratifié les 

GRQQpHV SDU DQQpH VHXOHPHQW GHV pSLVRGHV HQ HW DYDLHQW VLJQLILFDWLYHPHQW GHV

distances plus courtes que les permutations. Ceci suggère que l’épidémie d’EPC en France est 

SDVVpH d’une épidémie soutenue par l’importation d’épisodes d’autres pays avant 2013 à une 

pSLGpPLH VRXWHQXH SDU GHV pYpQHPHQWV GH WUDQVPLVVLRQ ORFDOH VRXWHQXV SDU GHV WUDQVIHUWV GH

patients. De plus, le nombre d’événements reliant les « LQIHFWHXUV SRWHQWLHOV j GHV pSLVRGHV

PXOWLSOHV D DXJPHQWp DX ILO GHV DQV FH TXL VXJJqUH TXH GHV PpWURSROHV IRUWHPHQW FRQQHFWpHV

SHXYHQW DYRLU SURYRTXp GHV pSLGpPLHV SDU WUDQVIHUW GH SDWLHQWV 'HV pYpQHPHQWV GH WUDQVPLVVLRQ

VXUYHQDQW SOXV ORFDOHPHQW j GHV GLVWDQFHV JpRJUDSKLTXHV UDSSURFKpHV RQW pJDOHPHQW pWp

REVHUYpV

(Q FRQFOXVLRQ OHV WUDYDX[ UpDOLVpV DX FRXUV GH OD WKqVH GpFULYHQW OD VWUXFWXUH GX UpVHDX

KRVSLWDOLHU IUDQoDLV HW QRXV DYRQV pYDOXp TXH OHV WUDQVIHUWV GHV SDWLHQWV SHXYHQW DYRLU XQ U OH

LPSRUWDQW GDQV OD WUDQVPLVVLRn des IN. L’étude a révélé qu’une grande majorité des épisodes 

d’EPC observés pouvaient être liés aux transferts de patients. L’exemple particulier du rôle des 

transferts de patients dans la transmission d’EPC sert à mettre en évidence l’importance de 

FRQVLGpUHU OD VWUXFWXUH GX UpVHDX GDQV OH GpYHORSSHPHQW GH QRXYHOOHV VWUDWpJLHV GH SUpYHQWLRQ

et de contrôle. En conséquence, l’étude suggère que les stratégies de prévention et de contrôle 

GHV LQIHFWLRQV FRRUGRQQpHV GHYUDLHQW PDLQWHQDQW VH FRQFHQWUHU VXU OHV WUDQVIHUWV GH SDWLHQWV j

risque d’être porteurs d’EPC pour réduire la transmission régionale et interrégionale.

HV FKDL HV GH WUD VPLVVLR GHV (3&

6XU OD EDVH GH QRWUH DQDO VH GH OD FRQWULEXWLRQ GHV WUDQVIHUWV GH SDWLHQWV j OD WUDQVPLVVLRQ G’(3&

HQ )UDQFH RQ SHXW FRQFOXUH TX’HQ DX PRLQV OHV (3& VH VRQW GLIIXVpV VXU OH UpVHDX

KRVSLWDOLHU IUDQoDLV 1RXV DYRQV GRQF WHQWp GH UHFRQVWUXLUH OHV FKDvQHV GH WUDQVPLVVLRQ GHV

pSLVRGHV G’(3& HQWUH OHV K SLWDX[ IUDQoDLV &HWWH DQDO VH D pWp UpDOLVpH HQ DGDSWDQW XQH PpWKRGH

ED pVLHQQH LQLWLDOHPHQW GpYHORSSpH SRXU UHFRQVWUXLUH GHV pSLGpPLHV EDVpHV VXU GHV GRQQpHV

pSLGpPLRORJLTXHV HW JpQRPLTXHV SDTXHW 2XWEUHDNHU VXU OH ORJLFLHO 5 GpYHORSSp SDU 7

-RPEDUW ) &DPSEHOO 5 )LW]MRKQ PDLV VDQV GRQQpHV JpQRPLTXHV HW SRXU XQH
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JUDQGH pSLGpPLH j O’pFKHOOH QDWLRQDOH /D PpWKRGH D pWp XWLOLVpH SRXU GpWHUPLQHU OHV FKDvQHV GH

WUDQVPLVVLRQ SRVVLEOHV HQ IRQFWLRQ GH OD FRQQDLVVDQFH GHV GDWHV GHV pSLVRGHV G’(3& GX SRLGV

GHV OLHQV GDQV OH UpVHDX KRVSLWDOLHU HW GX VWDWXW G’LPSRUWDWLRQ GHV pSLVRGHV /’pWXGH YLVDLW j

LGHQWLILHU OHV VRXUFHV GHV (3& GDQV OH UpVHDX KRVSLWDOLHU HW j GpWHUPLQHU OD SURSRUWLRQ GHV

pSLVRGHV (3& VHFRQGDLUHV H[SOLTXpHV j SDUWLU GHV GRQQpHV GH WUDQVIHUWV

4XHOTXHV REVHUYDWLRQV SHXYHQW rWUH IDLWHV VXU FHUWDLQHV GH FHV DQDO VHV SUpOLPLQDLUHV WRXV OHV

pSLVRGHV LPSRUWpV QH IDLVDLHQW SDV SDUWLH G’XQH FKDvQH GH WUDQVPLVVLRQ EHDXFRXS Q’pWDLHQW OLpV

j DXFXQ pSLVRGH HW QRPEUH GH FDV VHFRQGDLUHV RQW HX GH PXOWLSOHV VRXUFHV SRWHQWLHOOHV PrPH

VL O’LQFHUWLWXGH GH OD VRXUFH pWDLW VRXYHQW KDXWH

eWDQW GRQQp TXH OHV pSLVRGHV G’(3& SHXYHQW GRQQHU OLHX j GH QRPEUHX[ DXWUHV FDV VHFRQGDLUHV

OD GHX[LqPH DQDO VH D pYDOXp O’HQVHPEOH GH GRQQpHV FRPSOqWHV GH FKDTXH FDV G’(3& LQGLYLGXHO

3XLVTXH SOXVLHXUV pSLVRGHV SDUWDJHDLHQW OD PrPH GDWH GH QRWLILFDWLRQ PDLV Q’étaient SDV SURGXLWV

j OD PrPH GDWH GLIIpUHQWHV PpWKRGHV RQW pWp GpYHORSSpHV SRXU PRGLILHU OHV GDWHV GHV FDV

/RUVTXH OHV GDWHV GH FDV pWDLHQW WUDQVIRUPpHV à l’aide d’une distribution de Poisson, OD SOXV

JUDQGH FRPSRVDQWH FRQQH[H pWDLW REWHQXH SRXU XQ WHPSV GH JpQpUDWLRQ GH MRXUV &H UpVXOWDW

pWDLW VLPLODLUH DX[ UpVXOWDWV GH O’pWXGH SUpFpGHQWH pYDOXDQW OH U OH GHV WUDQVIHUWV GH SDWLHQWV VXU

OD SURSDJDWLRQ GHV (3& R O’DQDO VH GH VHQVLELOLWp SHUPHWWDLW GH SUpYRLU XQ LQWHUYDOOH GH WHPSV

HQWUH OHV LQIHFWLRQV SRWHQWLHOOHV HW OHV pSLVRGHV G’LQFLGHQFH HQWUH HW MRXUV &HSHQGDQW HQ

IRQFWLRQ GH OD WUDQVIRUPDWLRQ XWLOLVpH G’DXWUHV IHQrWUHV WHPSRUHOOHV WHOOHV TXH j MRXUV RX

j MRXUV DXUDLHQW DXVVL SX rWUH SHUWLQHQWHV /D WDLOOH GHV FRPSRVDQWV FRQQHFWpV RX OH QRPEUH

GH FRQQH[LRQV SHXYHQW QH SDV rWUH OHV FULWqUHV OHV SOXV DSSURSULpV SRXU OD VpOHFWLRQ GX WHPSV GH

JpQpUDWLRQ SDU FRQVpTXHQW G’DXWUHV FULWqUHV pSLGpPLRORJLTXHV HW SHUWLQHQWV GRLYHQW rWUH SULV HQ

FRPSWH

&HWWH pWXGH D PRQWUp OD SRVVLELOLWp GH UHFRQVWUXLUH GH JUDQGHV pSLGpPLHV VDQV GRQQpHV

JpQRPLTXHV /HV UpVHDX[ KRVSLWDOLHUV PRELOLVpV SRXU FRQVWUXLUH GHV FKDvQHV GH WUDQVPLVVLRQ GHV

(3& RQW pWp HQ PHVXUH G’H[SOLTXHU OH SRXUFHQWDJH G’pSLVRGH (3& VHFRQGDLUHV PD[LPXP

SRVVLEOH HW G’LGHQWLILHU OHV KRWVSRWV KRVSLWDOLHUV GH SURSDJDWLRQ GHV (3& FHSHQGDQW

SRXUVXLYUH FH WUDYDLO HVW QpFHVVDLUH HVW QpFHVVDLUH SRXU DIILQHU OD FRPSUpKHQVLRQ GHV OLHQV HQWUH

OHV pSLVRGHV
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LVFXVVLR

/’DPpOLRUDWLRQ GHV FRQQDLVVDQFHV DFWXHOOHV VXU OD G QDPLTXH HW OHV PpFDQLVPHV TXL FRQGXLVHQW

j OD SURSDJDWLRQ GHV ,1 GDQV OHV pWDEOLVVHPHQWV GH VDQWp HW OD SURSRVLWLRQ GH PHVXUHV LQQRYDQWHV

GH SUpYHQWLRQ HW GH FRQWU OH GHV SDWKRJqQHV VRQW G’XQH LPSRUWDQFH PDMHXUH SRXU OD VDQWp

SXEOLTXH /HV ,1 VH SURGXLVHQW GDQV OHV V VWqPHV GH VDQWp GDQV OH PRQGH HQWLHU HQ UDLVRQ GH

SOXVLHXUV IDFWHXUV O’DXJPHQWDWLRQ GH OD FKDUJH GH PRUELGLWp GHV SDWLHQWV TXL ULVTXHQW GH UHVWHU

SOXV ORQJWHPSV j O’K SLWDO HW ULVTXHQW GH GpFpGHU FH TXL UHSUpVHQWH XQ SRLGV FRQVpTXHQW SRXU OH

SHUVRQQHO VRLJQDQW ainsi qu’XQH FKDUJH ILQDQFLqUH 3DUPL WRXV OHV SDWKRJqQHV SUpVHQWV GDQV OHV

pWDEOLVVHPHQWV GH VDQWp OHV VRXFKHV WUqV UpVLVWDQWHV DX[ DQWLELRWLTXHV FRQVWLWXHQW XQH PHQDFH

PDMHXUH SRXU OD VpFXULWp GHV SDWLHQWV HW GDQV FHUWDLQV FDV OHV PHVXUHV GH SUpYHQWLRQ SHXYHQW

rWUH OHV VHXOHV PpWKRGHV SRXU OXWWHU FRQWUH OHXU GLVVpPLQDWLRQ ORUVTXH OH WUDLWHPHQW DQWLELRWLTXH

Q’HVW SOXV HQYLVDJHDEOH &HWWH WKqVH FKHUFKDLW j pOXFLGHU GH QRXYHOOHV SLVWHV GH UHFKHUFKH VXU OH

FRQWU OH GHV SDWKRJqQHV FLEODQW OHV HQWpUREDFWpULHV PXOWL UpVLVWDQWHV HQ PRGpOLVDQW OHXU

G QDPLTXH GH SURSDJDWLRQ GDQV OHV PLOLHX[ GH VRLQ 3RXU DWWHLQGUH FHV REMHFWLIV WURLV DUWLFOHV

GDQV GHV UHYXHV LQWHUQDWLRQDOHV j FRPLWp GH OHFWXUH RQW pWp SXEOLpHV RX VRXPLVHV XQH UHYXH

V VWpPDWLTXH GH OD PRGpOLVDWLRQ PDWKpPDWLTXH GH OD SURSDJDWLRQ GHV SDWKRJqQHV HQ PLOLHX GH

VRLQ XQH DQDO VH DSSURIRQGLH GHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV HW XQH pYDOXDWLRQ GX U OH GHV

WUDQVIHUWV GH SDWLHQWV GDQV OD WUDQVPLVVLRQ GHV (3& HQ )UDQFH /D GLVFXVVLRQ TXL VXLW YLVH j

pFODLUHU OHV LPSOLFDWLRQV GH FHV GpFRXYHUWHV SRXU OD VDQWp SXEOLTXH HW FRPPHQW HOOHV SHXYHQW

IRXUQLU XQ WUDYDLO GH VRXWLHQ j GH QRXYHDX[ PR HQV GH SUpYHQWLRQ HW GH FRQWU OH GHV SDWKRJqQHV

GDQV OHV pWDEOLVVHPHQWV GH VDQWp j O’pFKHOOH QDWLRQDOH HQ SDUWLFXOLHU SRXU OD )UDQFH PDLV DLQVL

TXH GDQV G’DXWUHV FRQWH[WHV

8Q GRPDLQH GH UHFKHUFKH GDQV ODTXHOOH GHV PHVXUHV LQQRYDWULFHV GH SUpYHQWLRQ HW GH FRQWU OH

RQW pWp SURSRVpHV D pWp OH GRPDLQH GH OD PRGpOLVDWLRQ PDWKpPDWLTXH 'HSXLV DQV OHV PRGqOHV

PDWKpPDWLTXHV RQW IRXUQL XQ FDGUH WKpRULTXH SRXU FRPSUHQGUH OD G QDPLTXH FRPSOH[H GH OD

WUDQVPLVVLRQ GDQV OHV pWDEOLVVHPHQWV GH VRLQV 'H SOXV LOV RQW IRXUQL XQH DSSURFKH

TXDQWLWDWLYH SRXU HVWLPHU O’LPSDFW GH GLYHUVHV VWUDWpJLHV SRXU OXWWHU FRQWUH OHV LQIHFWLRQV OD

FRORQLVDWLRQ HW OHXUV HIIHWV FRPELQpV /H QRPEUH GH SXEOLFDWLRQV VXU OHV PRGqOHV

PDWKpPDWLTXHV GHV SDWKRJqQHV GDQV OHV pWDEOLVVHPHQWV GH VDQWp HVW GHYHQX SOXV IUpTXHQW DX ILO

GHV DQV 3OXVLHXUV IDFWHXUV SHXYHQW DYRLU FRQGXLW j FHWWH DXJPHQWDWLRQ REVHUYpH FRPSULV

O’XWLOLWp SHUoXH GHV PRGqOHV FRPPH RXWLOV SRXU DQDO VHU O’LPSDFW GH OD SUpYHQWLRQ HW GX FRQWU OH

GHV LQIHFWLRQV GDQV OH GRPDLQH GH OD VDQWp SRXU FRPSUHQGUH OHV FDXVHV GHV UpFHQWHV pSLGpPLHV

LPSRUWDQWHV WHOOHV TXH O’pSLGpPLH GH 6 56 HW O’pSLGpPLH G’(EROD
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RX OD SULVH GH FRQVFLHQFH GHV IDFWHXUV FRQWULEXDQW j O’LPSDFW JOREDO GH OD

UpVLVWDQFH DX[ DQWLELRWLTXHV (Q UDLVRQ GH O’XWLOLVDWLRQ GHV GRQQpHV QXPpULTXHV GDQV OH

GRPDLQH GH O’pSLGpPLRORJLH DX ILO GHV DQV FRPPH OD GLVSRQLELOLWp DFFUXH GHV GRVVLHUV PpGLFDX[

QXPpULVpV HW OH GpYHORSSHPHQW GH OD WHFKQRORJLH GHV FDSWHXUV SRXU VXUYHLOOHU OHV FRQWDFWV

LQWHULQGLYLGXHOV OHV FKHUFKHXUV RQW SX FRQVWUXLUH GHV PRGqOHV SOXV UpDOLVWHV '’DXWUHV

LQQRYDWLRQV GDQV OH UHFXHLO GHV GRQQpHV VXU OD VWUXFWXUH GHV UpVHDX[ HW O’LQFLGHQFH GHV ,1 OD

mise en œuvre des données de modélisatioQ HW O’pWDORQQDJH HW OD YDOLGDWLRQ GHV GRQQpHV GDQV

OHV PRGqOHV VRQW QpFHVVDLUHV SRXU UHQIRUFHU OHV UHFRPPDQGDWLRQV H[LVWDQWHV HW pYDOXHU GH

QRXYHOOHV VWUDWpJLHV GH FRQWU OH GDQV OHV pWDEOLVVHPHQWV GH VDQWp

/’DQDO VH GHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV D IRXUQL XQH SUHPLqUH GHVFULSWLRQ GHV VFKpPDV GH

WUDQVIHUW GHV SDWLHQWV DX QLYHDX QDWLRQDO /’pWXGH D PRQWUp TXH OHV SURILOV GH WUDQVIHUW GHV

SDWLHQWV TXL RQW SUpVHQWp XQH ,1 SHQGDQW OHXU VpMRXU HW G’DXWUHV SDWLHQWV DYHF GLIIpUHQWHV

PDODGLHV HW FRPRUELGLWpV pWDLHQW VRXPLV j OD PrPH G QDPLTXH GH UpVHDX &RPSDUpV DX[ DX[

DXWUHV UpVHDX[ KRVSLWDOLHUV HQ QJOHWHUUH DX[ 3D V %DV HQ eFRVVH RX

DX[ (WDWV 8QLV OHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV VRQW GHV V VWqPHV WUqV FHQWUDOLVpV /HV

FHQWUHV KRVSLWDOLHUV XQLYHUVLWDLUHV HW OHV K SLWDX[ SULYpV GHV SULQFLSDOHV PpWURSROHV IUDQoDLVHV

GRPLQHQW OH IOX[ GHV SDWLHQWV 'HV pWXGHV PHQpHV HQ )UDQFH RQW PRQWUp TXH OHV K SLWDX[

IRUWHPHQW FRQQHFWpV SHXYHQW KpEHUJHU GDYDQWDJH GH FDV GH EDFWpULpPLH j 6 50

HW TXH OHV ,1 pWDLHQW OHV SOXV UpSDQGXHV GDQV OHV FHQWUHV DQWLFDQFpUHX[ OHV K SLWDX[

XQLYHUVLWDLUHV HW OHV K SLWDX[ PLOLWDLUHV 3DU FRQVpTXHQW FHV pWDEOLVVHPHQWV GH VDQWp

SHXYHQW rWUH OHV SOXV VXVFHSWLEOHV GH WUDQVPHWWUH GHV LQIHFWLRQV QRVRFRPLDOHV GDQV O’HQVHPEOH

GX UpVHDX SDU OH WUDQVIHUW GHV SDWLHQWV LQIHFWpV RX FRORQLVpV /HV SDWKRJqQHV SHXYHQW VH SURSDJHU

j XQ U WKPH SOXV pOHYp TXH SUpYX SDU KDVDUG HQ UDLVRQ GH OD FHQWUDOLVDWLRQ GX PRXYHPHQW GHV

SDWLHQWV HW GX IDLEOH QRPEUHPR HQ GH WUDQVIHUWV UHTXLV SRXU TXH OHV SDWLHQWV SXLVVHQW VH GpSODFHU

GDQV OH UpVHDX

&HV UpVXOWDWV FRQFRUGDLHQW DYHF OHV UpVXOWDWV SUpOLPLQDLUHV GX PRGqOH 6,6 TXL PRQWUHQW TXH OD

SUREDELOLWp OD SOXV pOHYpH G’XQH pSLGpPLH SHUVLVWDQWH VXUYLHQW ORUVTXH OHV K SLWDX[ KXE VRQW

LQIHFWpV DX GpSDUW 8Q PRGqOH GH VLPXODWLRQ GX UpVHDX DQJODLV D pJDOHPHQW LGHQWLILp OHV K SLWDX[

XQLYHUVLWDLUHV FRPPH FHQWUHV G’LQFLGHQFH GX 6 50 /’pWXGH D UHFRPPDQGp FHV K SLWDX[

FRPPH FLEOHV LGpDOHV SRXU GHV PHVXUHV G’LQWHUYHQWLRQ FRPPH OH GpSLVWDJH GHV SDWLHQWV VRUWLV

GH FHV K SLWDX[ FRPPH PR HQ GH FRQWU OH SOXV HIILFDFH 3DUDOOqOHPHQW O’pWXGH GX UpVHDX

IUDQoDLV LQGLTXH pJDOHPHQW TXH OHV FHQWUHV KRVSLWDOLHU VRQW GHV FLEOHV SRXU OD VXUYHLOODQFH

VHQWLQHOOH HQ SOXV GHV FLEOHV SULRULWDLUHV GHV VWUDWpJLHV SRXU UpGXLUH DX PLHX[ OD WUDQVPLVVLRQ
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GHV SDWKRJqQHV GDQV OH SD V 'DQV WRXWHV OHV VLWXDWLRQV R OHV SDWLHQWV VRQW WUDQVIpUpV GDQV

FHQWUHV GH VRLQV FRQFHQWUpV XQH DWWHQWLRQ SDUWLFXOLqUH GHYUDLW rWUH DFFRUGpH j WRXV OHV ULVTXHV

SRWHQWLHOV OLpV DX SRUWDJH GHV SDWKRJqQHV SRWHQWLHOOHPHQW LQIHFWLHX[ SHQGDQW O’DGPLVVLRQ

&HV GHUQLqUHV DQQpHV GHV pWXGHV TXL RQW PRGpOLVp OD SURSDJDWLRQ GHV SDWKRJqQHV GDQV OHV

UpVHDX[ KRVSLWDOLHUV RQW SODLGp SRXU GHV VWUDWpJLHV UpJLRQDOHV FRRUGRQQpHV FRPPH O’XQ GHV

PR HQV OHV SOXV HIILFDFHV SRXU UpGXLUH OHXU GLVVpPLQDWLRQ DX QLYHDX UpJLRQDO HW QDWLRQDO /’pWXGH

GX UpVHDX IUDQoDLV D pWp VLPLODLUH j FHOOH GX UpVHDX DQJODLV R OD PDMRULWp GHV WUDQVIHUWV VH IDLVDLW

SDU OH SDUWDJH LQWUD UpJLRQDO GH SDWLHQWV HW OHV IOX[ GH SDWLHQWV pWDLHQW FHQWUpV VXU OH FHQWUH

KRVSLWDOLHU XQLYHUVLWDLUH RX UpJLRQDO DX VHLQ GH OD FRPPXQDXWp 1RXV DYRQV pJDOHPHQW

GpPRQWUp TX’LO H[LVWDLW XQH VWUXFWXUH GH FRPPXQDXWp KRVSLWDOLqUH j GHX[ QLYHDX[ HQ )UDQFH /HV

FRPPXQDXWpV KRVSLWDOLqUHV RQW pWp LGHQWLILpHV j OD IRLV DX QLYHDX UpJLRQDO HQ FRKpUHQFH DYHF

OHV UpJLRQV DGPLQLVWUDWLYHV IUDQoDLVHV HW DX QLYHDX VXEUpJLRQDO RX GpSDUWHPHQWDO /HV

GLIIpUHQFHV HQWUH OHV FRPPXQDXWpV GpSDUWHPHQWDOHV GX UpVHDX GHV SDWLHQWV VXVSHFWHQW G’DYRLU

SUpVHQWp GHV ,1 HW OHV FRPPXQDXWpV GpSDUWHPHQWDOHV GX UpVHDX JpQpUDO SHXYHQW rWUH LPSRUWDQWHV

SRXU GLVWLQJXHU OHV K SLWDX[ D DQW XQ SRWHQWLHO SOXV pOHYp G’KpEHUJHU GHV SDWLHQWV ,1 DYHF GHV

FRQVpTXHQFHV SRVVLEOHV HQ WHUPHV GH SUpGLFWLRQ GH SURSDJDWLRQ GHV SDWKRJqQHV UHVSRQVDEOHV

GHV ,1 FHSHQGDQW FHOD QpFHVVLWH XQH pWXGH SOXV DSSURIRQGLH 'HV PHVXUHV GH FRQWU OH

FRRUGRQQpHV ORFDOHPHQW WHOOHV TXH OH GpSLVWDJH GHV WUDQVIHUWV GH SDWLHQWV j ULVTXH HW GHV

SUpFDXWLRQV GH FRQWDFW EDVpHV VXU OD FHQWUDOLWp G’XQ K SLWDO GH VRUWLH DYHF GHV FDV FRQQXV RX j

ULVTXH GH SRUWDJH SHXYHQW rWUH OD SUHPLqUH OLJQH GH GpIHQVH FRQWUH OD WUDQVPLVVLRQ GHV

SDWKRJqQHV UHVSRQVDEOHV GHV ,1 GDQV OHV UpJLRQV

'HV WUDMHFWRLUHV LQWHUPpGLDLUHV LPSRUWDQWHV SHXYHQW MRXHU XQ U OH FOp GDQV OD SURSDJDWLRQ GHV

SDWKRJqQHV HQWUH OHV K SLWDX[ KXE HW HQWUH OHV FRPPXQDXWpV 8QH pWXGH D PRQWUp TXH OD

PRGLILFDWLRQ GX QRPEUH GH SDWLHQWV WUDQVIpUpV HQWUH OHV FRPPXQDXWpV SHXW SDU H[HPSOH UpGXLUH

OD SURSDJDWLRQ GX 6 50 /’pWXGH D pJDOHPHQW PRQWUp TXH PrPH VL OHV FRQQH[LRQV

GLUHFWHV G’XQ pWDEOLVVHPHQW pWDLHQW GHV IDFWHXUV GH ULVTXH LPSRUWDQWV SRXU XQ YRLVLQ GHV

FRQQH[LRQV SOXV IDLEOHV RIIUDLHQW pJDOHPHQW GHV YRLHV LQGLUHFWHV LGpDOHV SRXU TXH OHV SDWKRJqQHV

FLUFXOHQW SOXV ORLQ HW SOXV YLWH GDQV OH UpVHDX (Q RXWUH GDQV OH FDV GHV (3& /HV FKHUFKHXUV

GH FHWWH pWXGH RQW FRQVWDWp TX’HQ WHUPHV GH QRPEUH DEVROX GH SDWLHQWV FRORQLVpV DGPLV j

O’K SLWDO SDU GHV WUDQVIHUWV GH OD PrPH UpJLRQ SDU UDSSRUW j OHV WUDQVIHUWV SURYHQDQW GH O’H[WpULHXU

GH OHXU UpJLRQ OHV WUDQVIHUWV VXUYHQDQW GDQV OD PrPH UpJLRQ UHSUpVHQWDLHQW SOXV GH PHQDFHV

3DU FRQVpTXHQW FHV pWXGHV VRQW SDUDOOqOHV DX[ REVHUYDWLRQV G’XQH VWUXFWXUH GH UpVHDX j

GHX[ QLYHDX[ GDQV ODTXHOOH OHV ULVTXHV G’LQIHFWLRQ HW GpSHQGHQW GHV GHX[ QLYHDX[ 'HV OLHQV
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OpJqUHPHQW SOXV IDLEOHV DX QLYHDX VXEUpJLRQDO SHXYHQW MRXHU XQ U OH SOXV LPSRUWDQW GDQV OD

G QDPLTXH GH WUDQVPLVVLRQ HQ WHUPHV GH QRPEUH DEVROX GH WUDQVIHUWV HW GH ULVTXH GH

WUDQVPLVVLRQ SDU UDSSRUW DX[ OLHQV LQWHUFRPPXQDXWDLUHV IRUWHPHQW SRQGpUpV HW LQWHUFRQQHFWpV

HQWUH OHV KXEV /D VLPXODWLRQ GH OD SURSDJDWLRQ G’XQ SDWKRJqQH K SRWKpWLTXH GDQV OHV UpVHDX[ D

PRQWUp TXH PrPH VL OHV K SLWDX[ LQWURGXLVDLHQW OH SDWKRJqQH GH OD JUDQGH PpWURSROH GDQV OHV

UpJLRQV OH QRPEUH OH SOXV pOHYp G’K SLWDX[ LQIHFWpV SURYHQDLW GHV K SLWDX[ XQLYHUVLWDLUHV TXL

GLIIXVDLHQW O’LQIHFWLRQ DX[ FOXVWHUV ORFDX[

/D VWUXFWXUH GHV WUDQVIHUWV j GHX[ QLYHDX[ SHXW pFODLUHU GHV VWUDWpJLHV FRRUGRQQpHV j XQ QLYHDX

SOXV ORFDO R OHV pWDEOLVVHPHQWV GH VDQWp LGHQWLILHQW QRQ VHXOHPHQW OHV SDWLHQWV j ULVTXH WUDQVIpUpV

GHV FHQWUHV KRVSLWDOLHUV XQLYHUVLWDLUHV PDLV DXVVL OHV ULVTXHV SURYHQDQW GHV FHQWUHV KRVSLWDOLHUV

ORFDX[ /HV VWUDWpJLHV GH FRQWU OH GHV LQIHFWLRQV SRXU OH FRQWU OH j FRXUW WHUPH GHYUDLHQW

GDYDQWDJH V’DSSX HU VXU OD G QDPLTXH DX QLYHDX GHV GpSDUWHPHQWV SRXU PLQLPLVHU OHV

pSLGpPLHV DX QLYHDX KRVSLWDOLHU HW OD WUDQVPLVVLRQ DX[ K SLWDX[ YRLVLQV ORQJ WHUPH OD

G QDPLTXH GHV FRPPXQDXWpV UpJLRQDOHV SHXW GRQQHU GHV LQGLFDWLRQV VXU OD SURSDJDWLRQ

SURJUHVVLYH GH VRXFKHV VSpFLILTXHV GHV SDWKRJqQHV ,1 'HV pWXGHV VRQW QpFHVVDLUHV SRXU YDOLGHU

FHV UHFRPPDQGDWLRQV HW TXDQWLILHU OHV PHVXUHV GH FRQWU OH (Q RXWUH G’DXWUHV pWXGHV VRQW

pJDOHPHQW QpFHVVDLUHV SRXU pYDOXHU OD G QDPLTXH WHPSRUHOOH GH OD SURSDJDWLRQ GHV SDWKRJqQHV

GDQV OHV UpVHDX[ DILQ G’LGHQWLILHU OHV VFKpPDV GHV IOX[ GH VDLVRQQDOLWp SRWHQWLHOV HW OD PDQLqUH

G’HPSrFKHU OHV EDFWpULHV PXOWL UpVLVWDQWHV pPHUJHQWHV GH GHYHQLU HQGpPLTXHV

'HV PHVXUHV GH SUpYHQWLRQ j ORQJ WHUPH VRQW pJDOHPHQW QpFHVVDLUHV SRXU HPSrFKHU TXH OHV

QRXYHDX[ SDWKRJqQHV QH GHYLHQQHQW HQGpPLTXHV 5pGXLUH OD FRQQHFWLYLWp KRVSLWDOLqUH DILQ GH

UpGXLUH OH ULVTXH GH SURSDJDWLRQ dans les réseaux est au cœur de nombreuses propositions de 

FRQWU OH GHV LQIHFWLRQV /D GpFHQWUDOLVDWLRQ GX V VWqPH GH VDQWp HW SOXV

VSpFLILTXHPHQW FHOOH GHV UHVVRXUFHV KXPDLQHV HW GHV VHUYLFHV GH VDQWp VSpFLDOLVpV YHUV OHV

UpJLRQV HW GpSDUWHPHQWV SHXW DLGHU j UpGXLUH OD IRUWH FRQQHFWLYLWp GHV FHQWUHV KRVSLWDOLHUV GDQV

OHV PpWURSROHV HW j UHGLULJHU OHV WUDQVIHUWV GH SDWLHQWV /D )UDQFH V’HVW RULHQWpH YHUV GHV VWUDWpJLHV

GH UpJLRQDOLVDWLRQ DYHF OD FUpDWLRQ G’DJHQFHV UpJLRQDOHV GH VDQWp PDLV SHX HIILFDFHV

(Q RXWUH OH QRPEUH G’K SLWDX[ XQLYHUVLWDLUHV SHXW rWUH LQVXIILVDQW HQ )UDQFH il est d’ailleurs 

LQIpULHXU j FHOXL GX 5R DXPH 8QL XQ SD V G’XQH SRSXODWLRQ GH PrPH WDLOOH 3DU FRQVpTXHQW

XQH VROXWLRQ VWUXFWXUHOOH SRXU DOOpJHU OD SURSDJDWLRQ GHV SDWKRJqQHV UHVSRQVDEOHV GHV ,1

SRXUUDLW rWUH G’DXJPHQWHU OH QRPEUH G’pWDEOLVVHPHQWV IRXUQLVVDQW GHV VHUYLFHV VSpFLDOLVpV HW GH

OHV GLVWULEXHU DX QLYHDX ORFDO SRXU DLGHU j UpRULHQWHU OH IOX[ GHV SDWLHQWV HW SRWHQWLHOOHPHQW pYLWHU

OD GLVSHUVLRQ j JUDQGH pFKHOOH
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/HV pSLVRGHV G’(3& HQ )UDQFH FRQWLQXHQW G’DXJPHQWHU FKDTXH DQQpH /D UpJLRQ ,OH GH )UDQFH

TXL FRPSUHQG 3DULV SUpVHQWH O’LQFLGHQFH G’pSLVRGHV G’(3& OD SOXV pOHYpH FRPSULV OH SOXV

JUDQG QRPEUH G’pSLVRGHV OLpV j GHV FDV LPSRUWpV DX QLYHDX LQWHUQDWLRQDO 3DULV HVW XQ FHQWUH GH

VDQWp HW DWWLUH XQ JUDQG QRPEUH GH SDWLHQWV TXL UHFKHUFKHQW GHV VRLQV VSpFLDOLVpV FH TXL SHXW OHV

H[SRVHU j XQ ULVTXH SOXV pOHYp G’LQIHFWLRQ SDU OHV (3& /HV ULVTXHV G’LQIHFWLRQ RX GH

FRORQLVDWLRQ VRQW GRQF GRXEOH OH SDWLHQW D EHVRLQ GH VRLQV VSpFLDOLVpV FH TXL SHXW DXJPHQWHU

OHV IDFWHXUV GH ULVTXH G’LQIHFWLRQ RX FRORQLVDWLRQ LQGLYLGXHOV FDU OHV VHUYLFHV VSpFLDOLVpV

SHXYHQW QpFHVVLWHU XQH LQWHUYHQWLRQ FKLUXUJLFDOH HW G’DXWUHV LQWHUYHQWLRQV LQYDVLYHV PDLV DXVVL

H[SRVHU OH SDWLHQW j XQ SOXV JUDQG QRPEUH GH FRQWDFWV SRWHQWLHOV DYHF OHV SRUWHXUV G’(3& HQ

UDLVRQ GH O’LQFLGHQFH pOHYpH &HSHQGDQW OD IRUWH FRQFHQWUDWLRQ GHV K SLWDX[ XQLYHUVLWDLUHV HQ

OH GH )UDQFH SHXW ELDLVHU OD VXUYHLOODQFH GHV (3& SDUFH TXH FHV K SLWDX[ SHXYHQW DYRLU SOXV GH

UHVVRXUFHV HW VRQW GDYDQWDJH j PrPH GH GpWHFWHU GHV FDV G’(3&

/’pWXGH D SUpGLW XQH VWDELOLVDWLRQ GHV pSLGpPLHV (3& HQ )UDQFH SRXU OHV SURFKDLQHV DQQpHV 3DU

FRQVpTXHQW RQ SHXW VXSSRVHU TXH OHV PHVXUHV GpMj HQ SODFH DX FRXUV GH OD SpULRGH

SRXU FRQWU OHU OHV pSLGpPLHV RQW pWp HIILFDFHV HW GHYUDLHQW VH SRXUVXLYUH DILQ GH FRQWU OHU OD

WUDQVPLVVLRQ DILQ G’pYLWHU OHV pSLGpPLHV UpFXUUHQWHV GDQV OHV K SLWDX[ ,O FRQYLHQW GH QRWHU

FHSHQGDQW TXH SOXVLHXUV pSLVRGHV UHSUpVHQWDLHQW HQWUH GHX[ HW FDV G’(3& FKDFXQ 3DU

FRQVpTXHQW XQ SOXV JUDQG QRPEUH G’pYpQHPHQWV GH WUDQVPLVVLRQ GH SHUVRQQH j SHUVRQQH

SHXYHQW FRQWLQXHU j VH SURGXLUH FHSHQGDQW OH QRPEUH d’épidémie GHYUDLW VH VWDELOLVpH /’pWXGH

D pJDOHPHQW SUpGLW XQH DXJPHQWDWLRQ GX QRPEUH G’pSLVRGHV XQLTXHV PDLV FHOD SHXW rWUH G DX

IDLW TXH OH V VWqPH GH VXUYHLOODQFH Q’D SDV UpXVVL j UHOLHU OHV pYpQHPHQWV GH WUDQVPLVVLRQ RX TXH

OHV GRQQpHV GH VXUYHLOODQFH VRQW LQFRPSOqWHV

/HV VWUDWpJLHV GH SUpYHQWLRQ HW GH FRQWU OH GH OD SURSDJDWLRQ GHV SDWKRJqQHV VRQW

SDUWLFXOLqUHPHQW SHUWLQHQWHV GDQV O’pSLGpPLH G’(3& /D G QDPLTXH GH OD WUDQVPLVVLRQ GHV (3&

HQ )UDQFH D pYROXpH /HV SOXV IRUWHV SUHXYHV GH WUDQVPLVVLRQ G’(3& VRXWHQXHV SDU OH UpVHDX GH

WUDQVIHUWV RQW pWp REVHUYpHV HQ &HV UpVXOWDWV VXJJqUHQW TX’HQWUH HW OHV WUDQVIHUWV

UpJLRQDX[ HW LQWHUUpJLRQDX[ RQW GH SOXV HQ SOXV FRQWULEXp j OD SURSDJDWLRQ GHV (3& (Q RXWUH

OH GpODL GH QRWLILFDWLRQ GHV pSLVRGHV G’(3& HQWUH K SLWDX[ G DX WUDQVIHUW GH SDWLHQWV HVW HVWLPp

HQWUH HW MRXUV DSUqV OD QRWLILFDWLRQ LQLWLDOH GDQV XQ K SLWDO GH UpIpUHQFH 3DU FRQVpTXHQW

FHWWH pWXGH D QRQ VHXOHPHQW OLp OHV pYpQHPHQWV GHV (3& DX[ WUDQVIHUWV GH SDWLHQWV DX FRXUV GHV

GHUQLqUHV DQQpHV PDLV D pJDOHPHQW HVWLPp OH GpODL GH QRWLILFDWLRQ GH FHV pYpQHPHQWV &HV GHX[

FRQVWDWDWLRQV UHQIRUFHQW OHV UHFRPPDQGDWLRQV VRXOLJQDQW O’LPSRUWDQFH GH FRQVLGpUHU OH WUDQVIHUW

GHV SDWLHQWV FRPPH XQ IDFWHXU GH ULVTXH FULWLTXH SRXU O’LQWURGXFWLRQ GHV (3& GDQV OHV
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pWDEOLVVHPHQWV GH VDQWp FH TXL SRXUUDLW DLGHU OH V VWqPH GH VXUYHLOODQFH j HVWLPHU OHV SpULRGHV

j ULVTXH SRXU OHV pSLGpPLHV OLpHV DX[ WUDQVIHUWV GH SDWLHQWV KRVSLWDOLVpV DYHF GHV FDV G’(3&

/D VWUXFWXUH GX UpVHDX SHXW pJDOHPHQW H[SOLTXHU OHV REVHUYDWLRQV GH FHV pYpQHPHQWV DX QLYHDX

ORFDO 'DQV QRWUH pWXGH OD PDMRULWp G’pSLVRGHV TXH QRXV DYRQV LGHQWLILpV FRPPH UHOLpV V’étaient

SURGXLWV GDQV OH PrPH GpSDUWHPHQW RX j XQH FRXUWH GLVWDQFH JpRJUDSKLTXH &RPPH QRXV

O’DYRQV GpMj PHQWLRQQp QRXV QRXV DWWHQGLRQV j FH TXH OH SDUWDJH GHV SDWLHQWV GDQV OHV

FRPPXQDXWpV ORFDOHV DX QLYHDX GX GpSDUWHPHQW MRXH XQ U OH LPSRUWDQW GDQV OD G QDPLTXH GH

OD SURSDJDWLRQ GHV SDWKRJqQHV /H QRPEUH FURLVVDQW GH FHV pYpQHPHQWV GH WUDQVPLVVLRQ GHV

(3& SRVVLEOHV GDQV XQ PrPH GpSDUWHPHQW SHXW V’H[SOLTXHU SDU OH IDLW TXH OD SOXSDUW GHV

WUDQVIHUWV GH SDWLHQWV GDQV OH UpVHDX KRVSLWDOLHU RQW HX OLHX DX QLYHDX ORFDO 3DU FRQVpTXHQW OD

SOXV JUDQGH SURSRUWLRQ GH WUDQVPLVVLRQV G’(3& SHXW DYRLU HX OLHX HQWUH GHV K SLWDX[ YRLVLQV HW

OHV DXWRULWpV GH VDQWp SXEOLTXH O’LPSRUWDQFH GH VXUYHLOOHU OHV WUDQVIHUWV ORFDX[ GH SDWLHQWV SRXU

OHV SRUWHXUV SRWHQWLHOV G’(3& j ULVTXH GHYUDLW rWUH SULVH HQ FRQVLGpUDWLRQ DILQ G’DYRLU O’LPSDFW

OH SOXV HIILFDFH VXU O’(3&

%LHQ TXH OHV WUDQVIHUWV GH SDWLHQWV QH VRLHQW FHUWDLQHPHQW SDV OD VHXOH H[SOLFDWLRQ GH

O’DXJPHQWDWLRQ GHV pSLVRGHV G’(3& REVHUYpV HQWUH HW FHV pWXGHV VXJJqUHQW TX’LOV

RQW MRXp XQ U OH GH SOXV HQ SOXV LPSRUWDQW DX ILO GX WHPSV /HV pSLVRGHV G’LPSRUWDWLRQ

LQWHUQDWLRQDOH SRXUUDLHQW pJDOHPHQW DYRLU FRQWULEXp j SUqV GH OD PRLWLp GH OD SURSDJDWLRQ GHV

(3& HQ )UDQFH SDU H[HPSOH &HV UpVXOWDWV VRQW HQ DFFRUG DYHF OHV GHVFULSWLRQV GHV pSLGpPLHV

REVHUYpHV GDQV OD OLWWpUDWXUH VFLHQWLILTXH GDQV OHVTXHOOHV OHV FDV LPSRUWpV HW QRQ LPSRUWpV RQW

FRQGXLW j GHV FDV VHFRQGDLUHV G’(3& GDQV GLIIpUHQWV K SLWDX[ (Q RXWUH O’KpWpURJpQpLWp GHV

SROLWLTXHV GH FRQWU OH GHV LQIHFWLRQV HQWUH OHV GLIIpUHQWV W SHV G’pWDEOLVVHPHQWV GH VDQWp HQ

)UDQFH et la mise en œuvre limitée de stratégies spécifiques de contrôle des (3& RQW SX

FRQGXLUH j XQ PDXYDLV FRQWU OH GHV (3& HW SDU FRQVpTXHQW j XQH GLVVpPLQDWLRQ GDQV OH WHPSV

XFXQH DVVRFLDWLRQ Q’D pWp REVHUYpH HQWUH OH QRPEUH GH FDV SDU pSLVRGH LQIHFWLHX[ SRWHQWLHO HW

OH QRPEUH G’pSLVRGHV VHFRQGDLUHV '’XQH SDUW FHOD SRXUUDLW VLJQLILHU TXH OHV PHVXUHV GH

FRQWU OH RQW HPSrFKp OHV JUDQGHV pSLGpPLHV KRVSLWDOLqUHV DX FRXUV GH OD SpULRGH

G’DXWUH SDUW FRPPH PHQWLRQQp SUpFpGHPPHQW GDQV O’pWXGH GH SUpGLFWLRQ OD SOXSDUW GHV

UDSSRUWV pWDLHQW GHV pSLVRGHV G’XQ VHXO FDV VXJJpUDQW XQ pFKHF SRWHQWLHO GHV DXWRULWpV GH

VXUYHLOODQFH j LGHQWLILHU OHV FDV XQLTXHV GDQV OD PrPH FKDvQH GH WUDQVPLVVLRQ G’DXWUHV pSLVRGHV

VLJQDOpV
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/D G QDPLTXH GX UpVHDX SHXW pJDOHPHQW DLGHU j H[SOLTXHU OHV pSLGpPLHV G’(3& /H QRPEUH

G’pSLVRGHV G’(3& LPSOLTXDQW SOXVLHXUV pSLVRGHV D DXJPHQWp DYHF OH WHPSV 3DU H[HPSOH XQ

pSLVRGH 2; LPSRUWp j 3DULV D pWp OLp j QHXI DXWUHV pSLVRGHV GDQV QHXI GpSDUWHPHQWV

GLIIpUHQWV HQ )UDQFH HQ 3DULV D pWp LGHQWLILp FRPPH OH SOXV JUDQG FHQWUH QRQ VHXOHPHQW

SRXU OHV pSLVRGHV (3& OLpV j O’LPSRUWDWLRQ PDLV DXVVL SRXU OH WUDQVIHUW GHV SDWLHQWV '’DXWUHV

H[HPSOHV PHWWHQW GDYDQWDJH HQ pYLGHQFH OH U OH LPSRUWDQW GHV OLHQV DYHF XQ JUDQG QRPEUH GH

WUDQVIHUWV GH SDWLHQWV GDQV OD FRQQH[LRQ GHV K SLWDX[ JpRJUDSKLTXHPHQW pORLJQpV HQ WHUPHV GH

WUDQVPLVVLRQ GHV SDWKRJqQHV &HV REVHUYDWLRQV VRXOLJQHQW O’LPSRUWDQFH SRXU OHV DXWRULWpV

VDQLWDLUHV G’DPpOLRUHU OHV HIIRUWV GH FRQWU OH GDQV OHV PpWURSROHV HW OHV pWDEOLVVHPHQWV GH VRLQV

IRUWHPHQW FRQQHFWpV &HV HIIRUWV YRQW pJDOHPHQW GH SDLU DYHF OD FRRUGLQDWLRQ HQWUH OHV V VWqPHV

GH VXUYHLOODQFH UpJLRQDX[ OHV ODERUDWRLUHV G’H[SHUWV ORFDX[ HW OHV DXWRULWpV VDQLWDLUHV UpJLRQDOHV

DILQ GH GpWHFWHU UDSLGHPHQW OHV FDV G’(3& /HV pWDEOLVVHPHQWV GH VDQWp GHYUDLHQW pJDOHPHQW rWUH

LQYLWpV j QRWLILHU UDSLGHPHQW WRXV OHV FDV RX FRQWDFWV SRWHQWLHOV (Q RXWUH GHV PHVXUHV GH

GpSLVWDJH GHV SUpFDXWLRQV GH FRQWDFW HW XQH FRKRUWH VWULFWH GH SDWLHQWV TXL VH VRQW UpYpOpV

SDUWLFXOLqUHPHQW HIILFDFHV GDQV XQH pFORVLRQ G’(3& SDUWLFXOLqUH GHYUDLHQW rWUH PLVHV

en œuvre une fois les cas identifiés.

&R FOXVLR

/HV UpVHDX[ KRVSLWDOLHUV RQW MRXp XQ U OH LPSRUWDQW GDQV O’pOXFLGDWLRQ GX U OH GHV WUDQVIHUWV GHV

SDWLHQWV GDQV OD SURSDJDWLRQ GHV LQIHFWLRQV QRVRFRPLDOHV /H SULQFLSDO IDFWHXU OLPLWDQW GH FH

WUDYDLO D pWp O’DEVHQFH G’XQH pWXGH GH PRGpOLVDWLRQ GpWDLOOpH TXDQWLILDQW O’LPSDFW GH OD

SURSDJDWLRQ GHV SDWKRJqQHV GDQV OHV UpVHDX[ GH VRLQV GH VDQWp &HSHQGDQW FHW HQVHPEOH GH

WUDYDX[ IRXUQLW XQH EDVH SRXU OHV WUDYDX[ IXWXUV (Q RXWUH OHV GLYHUVHV FRQFOXVLRQV GHV pWXGHV

PHQpHV DX FRXUV GH OD WKqVH SHXYHQW DLGHU j pFODLUHU OHV LPSOLFDWLRQV GHV WUDQVIHUWV GH SDWLHQWV

VXU OD VDQWp SXEOLTXH HQ PDWLqUH GH SURSDJDWLRQ DILQ GH IRXUQLU XQ WUDYDLO GH VRXWLHQ DX[

QRXYHOOHV PpWKRGHV GH SUpYHQWLRQ HW GH FRQWU OH GHV SDWKRJqQHV j O’pFKHOOH QDWLRQDOH &HV

pWXGHV VRXWLHQQHQW OHV HIIRUWV FRRUGRQQpV DX QLYHDX ORFDO UpJLRQDO HW QDWLRQDO HQWUH OHV

pWDEOLVVHPHQWV GH VDQWp TXL QpFHVVLWHQW O’DLGH GX V VWqPH GH VXUYHLOODQFH DILQ GH FRRUGRQQHU FHV

efforts et de mobiliser les hôpitaux pour mettre en œuvre de nouvelles mesures HQ FRQVpTXHQFH

'H SOXV FHV HIIRUWV QpFHVVLWHQW OD FROODERUDWLRQ GHV K SLWDX[ XQLYHUVLWDLUHV TXL MRXHQW XQ U OH

LPSRUWDQW GDQV OD VWUXFWXUH GX UpVHDX GH VDQWp /’LGHQWLILFDWLRQ GH WUDQVIHUW GH SDWLHQW j ULVTXH

HQ XWLOLVDQW GHV PHVXUHV GH WRSRORJLH GH UpVHDX SHXW V’DYpUHU XWLOH GDQV OH FDV GH SDWKRJqQHV

VSpFLILTXHV WHOOHV TXH GHV EDFWpULHV PXOWL UpVLVWDQWHV /HV LQIHFWLRQV j (3& RQW pWp OLpHV j

O’LPSRUWDWLRQ LQWHUQDWLRQDOH HW j OD SURSDJDWLRQ ORFDOH SDU FRQVpTXHQW LO HVW SULPRUGLDO TXH OD



[[Y

G QDPLTXH GHV UpVHDX[ GH VDQWp VRLW SULVH HQ FRPSWH GDQV OH SURFHVVXV GH SUpYHQWLRQ HW GH

FRQWU OH GHV FDV &HWWH WKqVH VHUW j VRXOLJQHU O’LPSRUWDQFH GH OD VWUXFWXUH GX UpVHDX KRVSLWDOLHU

GDQV OH GpYHORSSHPHQW GH PHVXUHV HIILFDFHV GH SUpYHQWLRQ HW GH FRQWU OH GHV LQIHFWLRQV
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7DEOH RI &R WH WV

3XEOLVKHG DQG VXEPLWWHG SDSHUV [[[
,QWURGXFWLRQ
3DUW 2QH 7KH HSLGHPLRORJ RI KRVSLWDO DFTXLUHG LQIHFWLRQV + ,V

&KDSWHU (SLGHPLRORJLFDO FRQWH[W RI + ,V
3XEOLF KHDOWK LPSRUWDQFH
,QWHUQDWLRQDO FRQWH[W
)UHQFK FRQWH[W

&KDSWHU &DUEDSHQHPDVH SURGXFLQJ (QW REDFW LDF D &3(
(QW REDFW LDF D
%HWD ODFWDP DQWLPLFURELDOV DQG UHVLVWDQFH
5LVN IDFWRUV IRU VSUHDG
,QWHUQDWLRQDO FRQWH[W RI WKH &3( HSLGHPLF
)UHQFK FRQWH[W RI WKH &3( HSLGHPLF

3DUW 7ZR 6SUHDG RI SDWKRJHQV LQ KHDOWKFDUH VHWWLQJV
&KDSWHU 8QGHUVWDQGLQJ SDWKRJHQ VSUHDG G QDPLFV

0HFKDQLVPV RI VSUHDG LQ KHDOWKFDUH VHWWLQJV
5ROH RI SDWLHQW WUDQVIHUV LQ SDWKRJHQ VSUHDG
7KH UROH RI WKH VXUYHLOODQFH V VWHP DQG LQIHFWLRQ FRQWURO

&KDSWHU 0DWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG
Q HPHUJLQJ GLVFLSOLQH
GLJLWDO UHYROXWLRQ LQ HSLGHPLRORJ

&KDSWHU +HDOWKFDUH QHWZRUNV
EULHI LQWURGXFWLRQ

*UDSK WKHRU
WKHRUHWLFDO EDVLV RI SDWKRJHQ VSUHDG LQ QHWZRUNV

0RGHOV RI SDWKRJHQ VSUHDG RQ UHDO KHDOWKFDUH QHWZRUNV
&KDSWHU )LUVW DUWLFOH 8VH RI QHWZRUN GDWD LQ + , VSUHDG PRGHOV

6XPPDU
3DUW 7KUHH 7KH )UHQFK KHDOWKFDUH QHWZRUNV

&KDSWHU 7KH )UHQFK PHGLFR DGPLQLVWUDWLYH GDWDEDVH 306,
'HVFULSWLRQ RI WKH GDWDEDVH
+ , GHWHFWLRQ LQ WKH GDWDEDVH D OLWHUDWXUH UHYLHZ

&KDSWHU 6HFRQG DUWLFOH – QDO VLV RI WKH )UHQFK KHDOWKFDUH QHWZRUNV
6XPPDU
GGLWLRQDO DQDO VHV

3DUW )RXU 6SUHDG RI &3( RYHU WKH )UHQFK KHDOWKFDUH QHWZRUNV
&KDSWHU 7HPSRUDO G QDPLFV RI )UHQFK &3( HSLVRGHV

7KH )UHQFK &3( GDWD IURP WR
0RGHOOLQJ WKH HYROXWLRQ LQ WLPH RI &3( HSLVRGHV LQ )UDQFH

&KDSWHU 7KLUG DUWLFOH &RQWULEXWLRQ RI SDWLHQW WUDQVIHUV RQ WKH VSUHDG RI &3( LQ
)UDQFH..…………………………………………………………………………………...

6XPPDU
GGLWLRQDO DQDO VHV

3DUW )LYH 'LVFXVVLRQ RI WKHVLV ZRUN DQG SHUVSHFWLYH
&KDSWHU 6 QWKHVLV RI UHVXOWV
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&KDSWHU 5HVHDUFK OLPLWDWLRQV DQG SHUVSHFWLYHV
&KDSWHU 3XEOLF KHDOWK LPSOLFDWLRQV

&RQFOXVLRQ…………………………………………………………………………………….
5HIHUHQFHV…………………………………………………………………………………….
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LVW RI WDEOHV

7DEOH 6XUJLFDO VLWH LQIHFWLRQ LQFLGHQFH UDWHV LQ )UDQFH E VXUJLFDO XQLW VSHFLDOLW

7DEOH ,VRODWLRQ RI VRPH RI WKH ILUVW GHVFULEHG FDUEDSHQHPDVH HQ] PHV

7DEOH 6XPPDU RI SXEOLFDWLRQV DVVHVVLQJ + , GHWHFWLRQ LQ WKH 306, GDWDEDVH

7DEOH 3HUIRUPDQFH RI + , FDVH GHWHFWLRQ LQ 306, GDWDEDVH E *HUELHU HW DO

7DEOH &KDUDFWHULVWLFV RI WKH )UHQFK KHDOWKFDUH QHWZRUNV
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)UDQFH LQ S SD DWLRQ D WKR OL W QRW W ILQLWLY OL W D W QRQ

pILQLWLY



Introduction
:RUOGZLGH KHDOWKFDUH V VWHPV DUH FRQIURQWHG ZLWK WKH VSUHDG RI SDWKRJHQV WKDW FDQ OHDG WR

KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV + ,V WKUHDWHQLQJ WKH VDIHW RI SDWLHQWV EXUGHQLQJ KHDOWKFDUH

VWDII DQG LQFUHDVLQJ KHDOWKFDUH FRVWV (IIRUWV KDYH EHHQ PDGH WR TXDQWLI WKH LQWHUQDWLRQDO

EXUGHQ RI + ,V LQ SDUWLFXODU ZLWK WKH EHVW HVWLPDWH RI DQG SRROHG SUHYDOHQFH

UHSRUWHG E WKH :RUOG +HDOWK 2UJDQLVDWLRQ :+2 LQ LQ KLJK LQFRPH DQG ORZ DQG

PLGGOH LQFRPH FRXQWULHV UHVSHFWLYHO 9DULRXV SDWKRJHQV LQFOXGLQJ WKRVH UHVSRQVLEOH IRU

+ ,V KDYH DOVR EHHQ VKRZQ WR GHI LQWHUQDWLRQDO ERUGHUV (YHQ ZLWK UREXVW VXUYHLOODQFH V VWHPV

DQG XS WR GDWH SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO UHFRPPHQGDWLRQV OLNH WKDW RI )UDQFH VSUHDG

ZLWKLQ FRXQWULHV FRQWLQXHV WR RFFXU )RU H[DPSOH LQ LQWHQVLYH FDUH XQLWV ,&8V ZKHUH WKH PRVW

YXOQHUDEOH SDWLHQWV DUH EHLQJ WUHDWHG DQG WKH KLJKHVW SUHFDXWLRQV DUH WDNHQ ZKHQ LW FRPHV WR

SUHYHQWLQJ DQG FRQWUROOLQJ LQIHFWLRQ DQG FRORQLVDWLRQ WKHVH SDWKRJHQV FDQ EH KLJKO SUHYDOHQW

1RYHO LQIHFWLRQ FRQWURO VWUDWHJLHV DUH QHHGHG WR FRPEDW WKH RQJRLQJ VSUHDG RI SDWKRJHQV LQ

KHDOWKFDUH VHWWLQJV DQG PXOWL GUXJ UHVLVWDQW RUJDQLVPV 0'52V LQ SDUWLFXODU 3DWLHQW WUDQVIHUV

ERWK DFURVV LQWHUQDWLRQDO ERUGHUV DQG ZLWKLQ FRXQWULHV DFURVV GLIIHUHQW KHDOWKFDUH IDFLOLWLHV KDYH

EHHQ DVVRFLDWHG ZLWK WKH KLJKO UHVLVWDQW &DUEDSHQHPDVH SURGXFLQJ (QW REDFW LDF D &3(

3DWLHQW WUDQVIHUV PD DOVR EH WKH PDLQ GULYHU RI ERWK WKH VSDWLDO GLVVHPLQDWLRQ RI SDWKRJHQV DQG

PD VXVWDLQ WKHVH HQGHPLFV 7KHUHIRUH LW LV HVVHQWLDO WR EHWWHU XQGHUVWDQG WKH LPSDFW RI LQWUD

DQG LQWHU IDFLOLW WUDQVIHU RI SDWLHQWV RQ SDWKRJHQ VSUHDG

7KH PDLQ REMHFWLYHV RI WKLV WKHVLV DUH WZR IROG WR EHWWHU XQGHUVWDQG WKH VWUXFWXUH RI SDWLHQW

WUDQVIHU QHWZRUNV KHQFHIRUWK UHIHUUHG WR DV KHDOWKFDUH QHWZRUNV LQ SDUWLFXODU WKH KHDOWKFDUH

QHWZRUNV RI )UDQFH IRU ZKLFK ZH DLPHG DW JLYLQJ D ILUVW GHVFULSWLRQ LQ RUGHU WR VWXG WKH

SRWHQWLDO LPSDFW RI WKH QHWZRUN VWUXFWXUH RQ SDWKRJHQ VSUHDG LQ WHUPV RI QHWZRUN WRSRORJ DQG

WR H[DPLQH WKH UROH RI WKH )UHQFK KHDOWKFDUH QHWZRUN RQ WKH GLVVHPLQDWLRQ RI &3( RYHU WLPH

DQ + , ZKLFK UHPDLQV XQWUHDWDEOH ZLWK PRVW FXUUHQWO DYDLODEOH DQWLELRWLFV

,Q RUGHU WR DGGUHVV WKHVH WZR PDLQ REMHFWLYHV WKH PHFKDQLVPV LQ ZKLFK SDWKRJHQV VSUHDG LQ

WKH KHDOWKFDUH VHWWLQJ ZHUH H[SORUHG 7KH ILUVW VWHS RI WKH WKHVLV ZDV WR GHVFULEH LQ JHQHUDO WHUPV

KRZ PDWKHPDWLFDO DQG PHFKDQLVWLF PRGHOV KDYH KHOSHG H[SODLQ WKH SURSDJDWLRQ RI SDWKRJHQV

LQ GLIIHUHQW KHDOWKFDUH VHWWLQJV E FRQGXFWLQJ D V VWHPDWLF UHYLHZ ,Q DGGLWLRQ WKH UHYLHZ DLPHG

WR H[SORUH KRZ WKH LQWHJUDWLRQ RI QHWZRUN GDWD LQ WKH GLIIHUHQW PRGHOOLQJ VWXGLHV PD LPSURYH

WKH XQGHUVWDQGLQJ DQG SUHGLFWLYH FDSDFLW RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH VHWWLQJV



,Q UHFHQW HDUV KHDOWKFDUH QHWZRUNV KDYH SURYLGHG LQVLJKWIXO ZD V RQ LPSURYLQJ WKH

XQGHUVWDQGLQJ RI KRZ FRPPRQ + ,V VSUHDG DQG KRZ FRQWURO HIIRUWV FDQ EH RSWLPLVHG

+RZHYHU WKH GLIIHUHQFHV EHWZHHQ WKH VWUXFWXUHV RI WKH KHDOWKFDUH QHWZRUNV EDVHG RQ GLIIHUHQW

SDWLHQW SRSXODWLRQV KDG QRW EHHQ SUHYLRXVO H[SORUHG 7KH VHFRQG VWHS RI WKH WKHVLV ZDV WR JLYH

D ILUVW GHVFULSWLRQ RI WKH )UHQFK KHDOWKFDUH QHWZRUNV DQG WR FRPSDUH WKH KHDOWKFDUH QHWZRUNV RI

WKH JHQHUDO SDWLHQW SRSXODWLRQ DQG + , GLDJQRVHG SDWLHQW SRSXODWLRQ LQ RUGHU WR EHWWHU

XQGHUVWDQG WKH GLIIHUHQFHV 7KLV VWHS DOVR HQWDLOHG XQGHUVWDQGLQJ WKH KHWHURJHQHLWLHV SUHVHQW LQ

WKH KHDOWKFDUH QHWZRUN VWUXFWXUH DQG WKH SRWHQWLDO LPSDFW WKH FRXOG KDYH RQ WKH ULVN RI FRPPRQ

+ , SDWKRJHQ VSUHDG

)LQDOO ZH IRFXVHG RQ &3( ZKLFK KDV EHFRPH DQ LPSRUWDQW SXEOLF KHDOWK LVVXH LQ )UDQFH 7KH

HSLGHPLF KDV EHHQ GHVFULEHG LQ GHWDLO KRZHYHU IRUHFDVWLQJ WUHQGV KDYH QRW HW EHHQ H[SORUHG

,Q RUGHU WR DGGUHVV WKH VHFRQG DLP RI WKH WKHVLV ZH ILUVW GHVFULEHG DQG DWWHPSWHG WR SUHGLFW WKH

WHPSRUDO WUHQGV RI &3( LQ )UDQFH ,Q RUGHU WR EHWWHU XQGHUVWDQG WKH LPSDFW RI SDWLHQW WUDQVIHUV

RQ &3( VSUHDG ZH DVVHVVHG LI WKH KHDOWKFDUH QHWZRUN FRXOG H[SODLQ WKH REVHUYHG LQFLGHQFH DQG

VSUHDG RI &3( LQ )UDQFH GXULQJ WKH WR SHULRG /DVWO ZH DOVR XVHG %D HVLDQ PHWKRGV

WR UHFRQVWUXFW &3( FKDLQV RI WUDQVPLVVLRQ WR IXUWKHU XQGHUVWDQG &3( VSUHDG G QDPLFV

7KLV PDQXVFULSW LV RUJDQL]HG LQWR ILYH SDUWV

3DUW 2QH FRYHUV WKH HSLGHPLRORJLFDO FRQWH[W RI FRPPRQ + , SDWKRJHQV DQG &3( LQ WKH

LQWHUQDWLRQDO DQG )UHQFK FRQWH[W &KDSWHUV DQG

3DUW 7ZR &KDSWHUV DQG LQWURGXFHV WKH PDMRU WKHPHV FRYHUHG E WKH WKHVLV

SDWKRJHQ VSUHDG G QDPLFV PDWKHPDWLFDO PRGHOOLQJ DQG KHDOWKFDUH QHWZRUNV DQG

UHYLHZV ZRUN SUHYLRXVO GRQH LQ WKLV ILHOG RI UHVHDUFK ILUVW DUWLFOH

3DUW 7KUHH &KDSWHUV DQG DGGUHVVHV WKH ILUVW WKHVLV REMHFWLYH E ILUVW GHVFULELQJ WKH

GDWDEDVH XVHG WR FRQVWUXFW WKH )UHQFK KHDOWKFDUH QHWZRUNV DQG WKHQ DQDO VLQJ WKHVH

QHWZRUNV VHFRQG DUWLFOH

3DUW )RXU &KDSWHUV DQG DGGUHVVHV WKH VHFRQG WKHVLV REMHFWLYH ZLWK WKH GHVFULSWLRQ

DQG SUHGLFWLRQ RI &3( VSUHDGLQJ WUHQGV WKH DVVHVVPHQW RI WKH FRQWULEXWLRQ RI KHDOWKFDUH

QHWZRUNV WR WKHVH WUHQGV WKLUG DUWLFOH DQG GHVFULSWLRQ RI &3( FKDLQV RI WUDQVPLVVLRQ DQG

ILQDOO

3DUW )LYH &KDSWHUV DQG FRYHUV WKH GLVFXVVLRQ RI WKH PDLQ UHVXOWV DQG

SHUVSHFWLYHV



Part One: The epidemiology of hospital-acquired 
infections (HAIs)



&KDSWHU (SLGHPLRORJLFDO FRQWH[W RI + ,V

3DWKRJHQV LQ WKH KHDOWKFDUH VHWWLQJ FDQ RIWHQ OHDG WR KRVSLWDO DFTXLUHG LQIHFWLRQV + , DOVR

UHIHUUHG WR DV KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV +& , RU QRVRFRPLDO LQIHFWLRQV 1, ZKLFK DUH

GHILQHG DV DQ LQIHFWLRQ DFTXLUHG XVXDOO E D SDWLHQW WKRXJK + ,V DUH QRW H[FOXVLYH WR SDWLHQWV

DQG FDQ EH DFTXLUHG E KHDOWKFDUH ZRUNHUV +&: LQ D KHDOWKFDUH IDFLOLW LQ ZKLFK WKH

LQIHFWLRQ ZDV QRW SUHVHQW EHIRUH WKH WLPH RI DGPLVVLRQ DQG ZDV GHYHORSHG DIWHU DGPLVVLRQ

XVXDOO DW OHDVW KRXUV DIWHU DGPLVVLRQ GXH WR H[SRVXUH WR WKH KHDOWKFDUH IDFLOLW

HQYLURQPHQW + ,V FDQ EH IXUWKHU FODVVLILHG LQWR VSHFLILF W SHV RI LQIHFWLRQV IRU H[DPSOH

XULQDU WUDFW LQIHFWLRQV 87, VXUJLFDO VLWH LQIHFWLRQV 66, ORZHU UHVSLUDWRU WUDFW LQIHFWLRQV

/5, DQG EORRGVWUHDP LQIHFWLRQV %6, 0DQ W SHV RI PLFURRUJDQLVPV FDQ EH DJHQWV RI

LQIHFWLRQ WKRXJK EDFWHULD IURP WKH WDSK ORFRFF JHQXV (QW RFRFF JHQXV DQG

(QW REDFW LDF D IDPLO DUH WKH PRVW SUHYDOHQW LQ WKH KHDOWKFDUH HQYLURQPHQW

6LQFH WKH GLVFRYHU RI SHQLFLOOLQ LQ DQWLPLFURELDO DJHQWV RU DQWLELRWLFV KDYH EHHQ WKH PRVW

FRPPRQ ZD WR WUHDW PDQ EDFWHULDO LQIHFWLRQV LQ WKH KHDOWKFDUH VHWWLQJ 7KH PLG FHQWXU

GHYHORSPHQW RI VHYHUDO DQWLPLFURELDOV OHG WR WKH FXUH RI PDQ RQFH VHULRXV LQIHFWLRQV DQG VDYHG

FRXQWOHVV OLYHV +RZHYHU WKH PLVXVH DQG RYHUXVH RI WKHVH DQWLPLFURELDOV RYHU WLPH KDV SXW D

VHOHFWLYH SUHVVXUH RQ EDFWHULD WR GHYHORS UHVLVWDQFH PHFKDQLVPV WR SUHYHQW DQWLPLFURELDO DFWLRQ

LQ RUGHU WR VXUYLYH 7KH VHOHFWLRQ RI WKHVH PHFKDQLVPV LV HQFRGHG LQ JHQHV WKDW FDQ EH SDVVHG

RQ YHUWLFDOO WKURXJK SUROLIHUDWLRQ RU KRUL]RQWDOO DFURVV EDFWHULDO VSHFLHV XVXDOO WKURXJK

SODVPLGV WUDQVIHUULQJ JHQHWLF PDWHULDO EHWZHHQ WKHP ,Q FRQVHTXHQFH DQWLPLFURELDO DJHQWV

HYHQWXDOO OHG WR D VHOHFWLRQ RI EDFWHULD WKDW ZHUH UHVLVWDQW WR RQH RU PRUH DQWLPLFURELDOV PRUH

UDSLGO WKDQ WKH UDWH DW ZKLFK WKH ZHUH EHLQJ GHYHORSHG 7RGD 0'52V VXFK DV

FDUEDSHQHPDVH SURGXFLQJ (QW REDFW LDF D &3( RPRQD D LQR D

FLQ WREDFW ED PDQQLL YDQFRP FLQ UHVLVWDQW (QW RFRFFL 95( DQG PHWKLFLOOLQ UHVLVWDQW

DQG YDQFRP FLQ UHVLVWDQW WDSK ORFRFF D 056 956 DUH D IHZ RI D QXPEHU RI

+ ,V WKDW ZHUH GHFODUHG FULWLFDO DQG KLJK SULRULW IRU UHVHDUFK DQG GHYHORSPHQW IRU QHZ

DQWLPLFURELDOV E WKH :RUOG +HDOWK 2UJDQLVDWLRQ :+2

3XEOLF KHDOWK LPSRUWDQFH
'HVSLWH VLJQLILFDQW SURJUHVV LQ LQIHFWLRQ FRQWURO WKH ODVW GHFDGHV KDYH VHHQ D ZRUOGZLGH

UH HPHUJHQFH DQG VSUHDG RI YLUXOHQW LQIHFWLRXV DJHQWV ZLWKLQ KHDOWKFDUH VHWWLQJV LQFOXGLQJ

YLUXVHV VXFK DV 6 56 0(56 &R9 DQG (EROD DV ZHOO DV PXOWL GUXJ UHVLVWDQW EDFWHULD VXFK DV



056 RU H[WHQGHG VSHFWUXP ODFWDPDVH SURGXFLQJ (QW REDFW LDF D (6%/ ( ,QGHHG

WKH FRQGLWLRQV RI WKH KHDOWKFDUH HQYLURQPHQW PDNHV KHDOWKFDUH IDFLOLWLHV EUHHGLQJ JURXQGV IRU

LQIHFWLRQ VSUHDG 3DWLHQWV DUH VXVFHSWLEOH WR LQIHFWLRQV GXH WR D QXPEHU RI ULVN IDFWRUV %HLQJ

LPPXQRFRPSURPLVHG WKXV PRUH YXOQHUDEOH WR LQIHFWLRQ KDYLQJ KDG DQ LQYDVLYH SURFHGXUH

UHVXOWLQJ LQ DQ RSHQ ZRXQG VKDULQJ D URRP ZLWK RWKHU SRWHQWLDOO YXOQHUDEOH RU LQIHFWLRXV

SDWLHQWV RU EHLQJ LQ IUHTXHQW FRQWDFW ZLWK +&:V ZLWK SRWHQWLDO KDQG FDUULDJH RI LQIHFWLRXV

DJHQWV DUH H[DPSOHV RI KRZ WKH VKDUHG KRVSLWDO HQYLURQPHQW FDQ H[SRVH SDWLHQWV WR SDWKRJHQV

,Q DGGLWLRQ FHUWDLQ SDWKRJHQV FDQ UHPDLQ YLDEOH LQ WKH HQYLURQPHQW IRU ORQJ SHULRGV RI WLPH

DQG FDQ EH FDUULHG DV PSWRPDWLFDOO ZLWKRXW DQ FOLQLFDO V PSWRPV RU LPPXQH UHVSRQVH WR DQ

LQIHFWLRQ 7KHUHIRUH PDQ IDFWRUV FDQ PDNH PLFURRUJDQLVPV GLIILFXOW WR FRQWURO LQ WKH

KHDOWKFDUH VHWWLQJ ,Q FRQVHTXHQFH LW LV HVVHQWLDO WR ERWK LPSURYH WKH XQGHUVWDQGLQJ RI KRZ

SDWKRJHQ VSUHDG LQ WKHVH VHWWLQJV DQG KRZ WR EHVW SUHYHQW DQG FRQWURO WKHP LQ RUGHU WR LPSURYH

SDWLHQW VDIHW LQ WKH KHDOWKFDUH HQYLURQPHQW

,QWHUQDWLRQDO FRQWH[W

(SLGHPLRORJLFDO EXUGHQ
3DWKRJHQV OHDGLQJ WR + ,V SXW SDWLHQWV DW ULVN IRU FRPSOLFDWLRQV ZKLFK FDQ OHDG WR LQFUHDVHG

PRUELGLW DQG PRUWDOLW DV ZHOO DV ORQJHU KRVSLWDO VWD V WKXV SRVLQJ ERWK DQ HSLGHPLRORJLFDO

DQG ILQDQFLDO EXUGHQ RQ WKH KHDOWKFDUH V VWHP 'XH WR IUHTXHQW DV PSWRPDWLF FDUULDJH

LQDFFHVVLELOLW WR ODERUDWRULHV GLVRUJDQLVDWLRQ DQG ODFN RI GHWDLO LQ PHGLFDO UHFRUGV ODFN RI

H[SHUWLVH XQGHUVWDIILQJ DQG RYHUFURZGLQJ WKH SUHYDOHQFH RI + ,V FDQ EH GLIILFXOW WR HVWLPDWH

– RQH RI WKH FKDOOHQJHV RI SUHYHQWLQJ DQG FRQWUROOLQJ + ,V DQG 0'52V SDWKRJHQV

,QFLGHQFH DQG SUHYDOHQFH
7KH HSLGHPLRORJLFDO EXUGHQ RI + ,V LQ WHUPV RI SRROHG KRVSLWDO ZLGH SUHYDOHQFH LQ PL[HG

SDWLHQW SRSXODWLRQV ZDV HVWLPDWHG DW LQ KLJK LQFRPH FRXQWULHV DQG DW LQ ORZ DQG

PLGGOH LQFRPH FRXQWULHV E WKH :+2 LQ ,Q KLJK LQFRPH FRXQWULHV VWXGLHV

HVWLPDWHG EHWZHHQ WR SUHYDOHQFH RI KRVSLWDOLVHG SDWLHQW ZKR DFTXLUHG DW OHDVW RQH

+ , )LJXUH D ,Q ORZ DQG PLGGOH LQFRPH FRXQWULHV VWXGLHV HVWLPDWHG EHWZHHQ WR

SUHYDOHQFH RI KRVSLWDOLVHG SDWLHQW ZKR DFTXLUHG DW OHDVW RQH + , )LJXUH E 7KH + ,

LQFLGHQFH GHQVLW UDQJHG IURP WR HSLVRGHV SHU SDWLHQW GD V LQ KLJK LQFRPH

FRXQWULHV ZLWK D FXPXODWLYH LQFLGHQFH RI HSLVRGHV SHU SDWLHQW GD V DPRQJ DGXOW KLJK

ULVN SDWLHQWV 7KH LQFLGHQFH GHQVLW LQ ORZ DQG PLGGOH LQFRPH VHWWLQJV ZDV HVWLPDWHG WR EH



KLJKHU UDQJLQJ IURP WR HSLVRGHV SHU SDWLHQW GD V ZLWK D SRROHG FXPXODWLYH

LQFLGHQFH RI HSLVRGHV SHU SDWLHQW GD V

7KH PRVW UHFHQW QDWLRQDO + , HVWLPDWHV IRU WKH 8QLWHG 6WDWHV 86 ZKLFK ZDV QRW LQFOXGHG LQ

WKH :+2 UHSRUW HVWLPDWHG WKH LQFLGHQFH UDWH RI + ,V DW LQ DIIHFWLQJ PLOOLRQ

SDWLHQWV DQG OHDGLQJ WR LQIHFWLRQV SHU SDWLHQW GD V

)L XUH 3UHYDOH FH RI ,V L KL K D G OR D G PLGGOH L FRPH FRX WULHV

+LJK LQFRPH FRXQWU OHYHO KRVSLWDO OHYHO SUHYDOHQFH HVWLPDWHV D DQG ORZ DQG PLGGOH OHYHO FRXQWU KRVSLWDO
OHYHO SUHYDOHQFH HVWLPDWHV E IURP WKH PRVW UHFHQW VWXGLHV LGHQWLILHG EHWZHHQ DQG E WKH :+2



FXWH FDUH VHWWLQJV UHVSRQG WR LPPHGLDWH DQG OLIH WKUHDWHQLQJ KHDOWK FRQGLWLRQV DQG SOD DQ

LPSRUWDQW UROH LQ SUHYHQWLRQ RI GHDWK DQG GLVDELOLW 7KHVH VHWWLQJV DOVR KDYH DQ LPSRUWDQW

+ , SUHYDOHQFH DQG LQFLGHQFH

,Q WKH 86 DQ HVWLPDWHG RI LQSDWLHQWV LQ DFXWH FDUH KRVSLWDOV KDG DW OHDVW RQH + , LQ

ZKLFK FRUUHVSRQGHG WR SDWLHQWV ZLWK + ,V PHGLDQ RI GD V ZDV

UHSRUWHG EHWZHHQ KRVSLWDO DGPLVVLRQ DQG RQVHW RI V PSWRPV LQ WKH VDPH VWXG WRWDO RI

RI LQIHFWLRQV ZHUH DVVRFLDWHG ZLWK D PHGLFDO GHYLFH

W WKH (XURSHDQ OHYHO VXUYH V FRQGXFWHG E WKH (XURSHDQ &HQWUH IRU 'LVHDVH &RQWURO (&'&

JDYH D PRUH GHWDLOHG GHVFULSWLRQ RI + ,V LQ DFXWH FDUH VHWWLQJV ,Q D SRLQW SUHYDOHQFH

VWXG FRQGXFWHG E WKH (&'& WKH SUHYDOHQFH RI SDWLHQWV ZLWK DW OHDVW RQH + , ZDV

HVWLPDWHG DW LQ WKH DFXWH FDUH VHWWLQJ LQ (XURSH FXWH FDUH + ,V ZHUH PRVW FRPPRQ LQ

WHUWLDU KRVSLWDOV IROORZHG E VSHFLDOLVHG KRVSLWDOV SULPDU KRVSLWDOV DQG

VHFRQGDU KRVSLWDOV 7KH LQFLGHQFH UDWH RI + ,V LQ WHUPV RI SDWLHQWV DFTXLULQJ DW OHDVW RQH

+ , SHU HDU ZDV HVWLPDWHG DW LQ ZKLFK UHSUHVHQWHG DQ HVWLPDWHG PLOOLRQ SDWLHQWV

SHU HDU LQ (XURSH 7KH SRLQW SUHYDOHQFH HVWLPDWH IRU WKH VDPH WLPH SHULRG DQG SRSXODWLRQ ZDV

HVWLPDWHG DW PLOOLRQ + ,V SHU HDU 2Q DQ JLYHQ GD WKH VWXG HVWLPDWHG WKDW RYHU

SDWLHQWV KDG DQ + ,

7KH EXUGHQ RI + ,V DIIHFWV HVSHFLDOO KLJK ULVN SDWLHQWV VXFK DV WKRVH DGPLWWHG WR LQWHQVLYH

FDUH XQLWV ,&8 LQ WKH DFXWH FDUH VHWWLQJ DQG QHZ ERUQV ,Q KLJK LQFRPH FRXQWULHV DQ

HVWLPDWHG RI SDWLHQWV LQ ,&8V KDG DW OHDVW RQH + , HSLVRGH DQG LQ ORZ DQG PLGGOH LQFRPH

FRXQWULHV LW ZDV HVWLPDWHG WR EH WR WLPHV KLJKHU

,Q (XURSH ,&8V DFFRXQW IRU RI WKH SDWLHQW SRSXODWLRQ EXW KDYH RI WKH + ,V

OPRVW RI WKH ,&8 SDWLHQW SRSXODWLRQ KDG DW OHDVW RQH + , DOPRVW D IRXU IROG LQFUHDVH

FRPSDUHG WR WKH DYHUDJH RI RWKHU VSHFLDOLWLHV RU ZDUGV ,Q D PRUH UHFHQW VXUYH E WKH (&'&

EDVHG RQ GDWD LW ZDV HVWLPDWHG WKDW DIWHU DW OHDVW WZR GD V LQ WKH ,&8 RI SDWLHQWV

FRQWUDFWHG DQ ,&8 + ,

+ , SDWKRJHQV
D DQG ( FK LFKLD FROL VSHFLHV DUH WKH PRVW FRPPRQO LVRODWHG + , SDWKRJHQV ,Q

(XURSH ( FROL ZDV WKH PRVW FRPPRQO LVRODWHG + , SDWKRJHQ DFFRXQWLQJ IRU RI + ,V

IROORZHG E D VSHFLHV DFFRXQWLQJ IRU RI + ,V ,Q WKH 86 OR W L L P

LIILFLO ZDV WKH PRVW FRPPRQO UHSRUWHG SDWKRJHQ LQ WKH DFXWH FDUH VHWWLQJ DFFRXQWLQJ IRU

RI + ,V IROORZHG E D .O E L OOD SQ PRQLD DQG ( FROL LIILFLO



LQIHFWLRQV DUH DOVR LPSRUWDQW + , SDWKRJHQV LQ (XURSH DFFRXQWLQJ IRU RI WKH ILYH PRVW

FRPPRQ + ,V KRVSLWDO DFTXLUHG + SQHXPRQLD 66, 87, %6, DQG JDVWUR LQWHVWLQDO

LQIHFWLRQV *,

QWLPLFURELDO UHVLVWDQFH LV FRPPRQ DPRQJ + , SDWKRJHQV 7KH EHVW HVWLPDWHV LQ GHYHORSLQJ

FRXQWULHV VKRZHG PHWKLFLOOLQ UHVLVWDQFH LQ XS WR RI D LVRODWHG VWUDLQV PRQJ

,&8 + , LVRODWHV DVVHVVHG E WKH (&'& ZHUH UHVLVWDQW WR R[DFLOOLQ DPRQJ D

VSHFLHV ZHUH UHVLVWDQW WR YDQFRP FLQ DPRQJ (QW RFRFF VSHFLHV ZHUH UHVLVWDQW

WR FHIWD]LGLPH DPRQJ D LQR D DQG ZHUH UHVLVWDQW WR WKLUG JHQHUDWLRQ

FHSKDORVSRULQV DPRQJ WKUHH VSHFLHV ( FROL .O E L OOD DQG (QW REDFW 5HVLVWDQFH WR

FDUEDSHQHPV DPRQJ ILYH VSHFLHV UDQJHG IURP WR

0RUWDOLW
+ , FDQ FDXVH FRQVLGHUDEOH PRUELGLW EXW FDQ DOVR OHDG WR GHDWK LQ WKH PRVW YXOQHUDEOH SDWLHQWV

7KH EHVW ZRUOG ZLGH HVWLPDWHV H[FOXGLQJ 1RUWK PHULFD KDYH IRXQG D FUXGH H[FHVV PRUWDOLW

LQ DGXOW ,&8 SDWLHQWV DW IRU FDWKHWHU UHODWHG &5 87,V IRU &5 %6, DQG

IRU YHQWLODWRU DVVRFLDWHG SQHXPRQLD 9 3 ,Q WKH 8QLWHG 6WDWHV GHDWKV ZHUH

DWWULEXWHG WR + ,V LQ 0RUH WKDQ PLOOLRQ QHZ FDVHV PLOOLRQ GLVDELOLW DGMXVWHG

OLIH HDUV ' /<V DQG GHDWKV ZHUH DWWULEXWHG WR VL[ W SHV RI + ,V + SQHXPRQLD

%6, 87, 66, + LIILFLO + QHRQDWDO VHSVLV HDFK HDU LQ (XURSH QRWKHU (XURSH

OHYHO HVWLPDWH IRXQG DQQXDO GHDWKV GXH GLUHFWO WR + ,V WKDW OHG WR DQ DGGLWLRQ

GHDWKV GXH WR WKH LQIHFWLRQV

,Q GHYHORSLQJ FRXQWULHV + ,V KDYH EHHQ HVWLPDWHG WR EH UHVSRQVLEOH IRU WR RI DOO FDXVHV

RI GHDWKV RI KRVSLWDO ERUQ EDELHV LQ WKH QHRQDWDO SHULRG 7KH PDMRULW RI WKHVH GHDWKV

RFFXUUHG LQ 6RXWK (DVW VLD DQG VXE 6DKDUDQ IULFD

,PSDFW RI + ,V OHQJWK RI VWD DQG DVVRFLDWHG FRVWV
+ ,V FDQ OHDG WR LQFUHDVHG OHQJWK RI VWD /26 IRU SDWLHQWV ZKLFK FRXOG KDYH FRQVHTXHQFHV LQ

WHUPV RI LQFUHDVHG FRVWV IRU KRVSLWDOV 7KH HVWLPDWH E WKH :+2 IRU WKH LQFUHDVH LQ OHQJWK RI

VWD GXH WR + , LQ GHYHORSLQJ FRXQWULHV ZDV EHWZHHQ WR GD V 7KH LPSDFW RI + ,V RQ

SDWLHQW /26 FDQ YDU GHSHQGLQJ WKH W SH RI + , LQIHFWLRQ ,Q (XURSH WKH /26 ZDV KLJKHVW LQ

+ SQHXPRQLD DQG ORZHVW IRU %6, &5 %6, ZHUH HVWLPDWHG WR DGG DQ DGGLWLRQDO WR GD V

LQ /26 ,Q + ,V ZHUH HVWLPDWHG WR DGG PLOOLRQ H[WUD GD V RI KRVSLWDO VWD LQ

(XURSH



Q LPSRUWDQW LPSDFW RI + ,V DUH WKH VLJQLILFDQW DVVRFLDWHG FRVWV WR WKH KHDOWKFDUH V VWHP 7KH

ILQDQFLDO FRVWV DVVRFLDWHG ZLWK + ,V HVWLPDWHG E WKH (&'& LQ IRXQG WKDW + ,V ZHUH

HVWLPDWHG WR KDYH D GLUHFW FRVW RI ELOOLRQ HXURV EDVHG RQ WKH DVVXPSWLRQ WKDW WKH GDLO FRVWV

WR D KRVSLWDO ZDV HXURV %DVHG RQ ILYH PDMRU VLWHV RI + ,V D VWXG LQ HVWLPDWHG WKDW

WKH GLUHFW PHGLFDO FRVWV WR 86 KRVSLWDOV UDQJHG IURP WR ELOOLRQ 86 GROODUV GHSHQGLQJ RQ

WKH DGMXVWPHQW WR DFFRXQW IRU LQIODWLRQ

&RVWV KDYH DOVR EHHQ HVWLPDWHG IRU VSHFLILF + ,V 9 3 DWWULEXWDEOH FRVWV KDYH EHHQ HVWLPDWHG

DW WR 86 GROODUV SHU FDVH 2I DSSUR[LPDWHO &5 %6, RFFXUULQJ HYHU

HDU KRVSLWDO ZLGH LQ WKH 86 DQ DQQXDO FRVW ZDV HVWLPDWHG XS WR ELOOLRQ 86 GROODUV VWXG

RQ WKH FRVW DVVRFLDWHG ZLWK + ,V SXEOLVKHG LQ IRU (XURSH HVWLPDWHG WKH WRWDO FRVWV

UHODWHG WR &5 %6,V IRU IRXU (XURSHDQ FRXQWULHV EHWZHHQ DQG PLOOLRQ HXURV LQ )UDQFH

EHWZHHQ DQG PLOOLRQ HXURV LQ *HUPDQ DURXQG PLOOLRQ HXURV LQ ,WDO DQG EHWZHHQ

DQG PLOOLRQ HXURV LQ WKH 8QLWHG .LQJGRP

)UHQFK FRQWH[W

7KH )UHQFK + , VXUYHLOODQFH V VWHP
,Q WKH QDWLRQDO WHFKQLFDO FRPPLWWHH RI QRVRFRPLDO LQIHFWLRQV &RPLWp 7HFKQLTXH 1DWLRQDO

GHV ,QIHFWLRQV 1RVRFRPLDOHV SXVKHG IRU WKH HVWDEOLVKPHQW RI D QDWLRQDO VXUYHLOODQFH RI + ,V

LQ )UHQFK KHDOWKFDUH IDFLOLWLHV V D UHVXOW LQ )UDQFH GHYHORSHG D QDWLRQDO DOHUW V VWHP

+HDOWKFDUH VVRFLDWHG ,QIHFWLRQV (DUO :DUQLQJ DQG 5HVSRQVH 6 VWHP + , (:56 RU LQ

French, the Réseau d’Alerte, Investigation et de Surveillance des Infections Nosocomiales 

5 ,6,1 PDQDJHG E WKH KHDOWK VXUYHLOODQFH LQVWLWXWH ,QVWLWXW GH 9HLOOH 6DQLWDLUH ,Q96

QRZ D SDUW RI 3XEOLF +HDOWK )UDQFH 6DQWp 3XEOLTXH )UDQFH 7KH V VWHP ZDV FRPSRVHG RI ILYH

QHWZRUNV EDVHG RQ WKH IROORZLQJ VXUJLFDO VLWH LQIHFWLRQV ,62 5DLVLQ 0'52V %05 5DLVLQ

DGXOW ,&8 LQIHFWLRQV 5( 5DLVLQ DQWLELRWLF FRQVXPSWLRQ 7% 5DLVLQ +&: EORRG

H[SRVXUH DFFLGHQWV (6 5DLVLQ DQG QRVRFRPLDO EDFWHUDHPLD %1 5DLVLQ 7KHVH QHWZRUNV

KDYH EHHQ FRRUGLQDWHG E UHJLRQDO FHQWUHV IRU SUHYHQWLRQ RI + ,V &HQWUH G DSSXL SRXU OD

3UpYHQWLRQ GHV LQIHFWLRQV DVVRFLpHV DX[ VRLQV &3LDV SUHYLRXVO NQRZQ DV &HQWUH GH

&RRUGLQDWLRQ GH OD /XWWH FRQWUH OHV LQIHFWLRQV QRVRFRPLDOHV HW DVVRFLpHV DX[ VRLQV &&OLQ DQG

QWHQQHV UpJLRQDOHV GH OXWWH FRQWUH OHV LQIHFWLRQV QRVRFRPLDOHV HW DVVRFLpHV DX[ VRLQV UOLQ



+ , EXUGHQ LQ )UDQFH

,QFLGHQFH DQG SUHYDOHQFH
7KH (&'& SRLQW SUHYDOHQFH VWXG RI + ,V LQ DFXWH FDUH VHWWLQJV HVWLPDWHG WKDW LQ )UDQFH

> &, RI SDWLHQWV KDG DQ + , RQ DQ JLYHQ GD D ILJXUH FRQVLVWHQW ZLWK DQ HDUOLHU

HVWLPDWH RI PDGH E :+2 GXULQJ WKH SHULRG 2XW RI PLOOLRQ

GLVFKDUJHV LQ )UDQFH WKH WRWDO QXPEHU RI SDWLHQWV WR JHW DQ + , ZDV HVWLPDWHG DW RYHU

ZLWK DQ HVWLPDWHG + , LQFLGHQFH

)UDQFH LQ FRPSDULVRQ WR RWKHU (XURSHDQ FRXQWULHV KDG WKH KLJKHVW QXPEHU RI VLQJOH URRPV

RI EHGV DUH VLQJOH URRP EHGV 6LQJOH EHGV FDQ EH XVHIXO LQ LVRODWLQJ SDWLHQWV LQIHFWHG

ZLWK WKH PRVW GDQJHURXV EDFWHULDO VWUDLQV 2Q WKH RWKHU KDQG DQ HVWLPDWHG RI )UHQFK

SDWLHQWV KDG + , GLDJQRVHV WKDW ZHUH FODVVLILHG DV UDSLGO IDWDO ZKLFK ZDV WKH KLJKHVW HVWLPDWH

DPRQJ SDUWLFLSDWLQJ (XURSHDQ PHPEHU VWDWHV )UDQFH DOVR KDG WKH KLJKHVW UDWH RI 87,V

RI LQIHFWLRQV RI ZKLFK ZHUH PLFURELRORJLFDOO FRQILUPHG DQG WKH KLJKHVW

SHUFHQWDJH RI ( FROL + ,V UHSRUWHG

([FHVV PRUWDOLW OHQJWK RI VWD DQG DVVRFLDWHG FRVWV
,Q D SURVSHFWLYH VWXG FRQGXFWHG E &3LDV &&OLQ DW WKH WLPH UHVHDUFKHUV IRXQG WKDW

EHWZHHQ DQG RI SDWLHQWV ZKR GLHG LQ WKH VWXG KDG DQ + , DQG RI WKHVH GHDWKV

EHWZHHQ WR ZHUH DWWULEXWDEOH WR WKH LQIHFWLRQ :KHQ H[WUDSRODWLQJ WR DOO KHDOWKFDUH

IDFLOLWLHV LQ )UDQFH WKH HVWLPDWHG WKDW EHWZHHQ WR + , DWWULEXWDEOH GHDWKV RFFXU

LQ )UDQFH SHU HDU 2WKHU VWXGLHV HVWLPDWHG D KLJKHU + , DWWULEXWDEOH GHDWK IUDFWLRQ DW

RYHUDOO EHWZHHQ DQG IRU ,&8 SDWLHQWV D GHDWK UDWH IRU &5 + ,V DQG EHWZHHQ

DQG GHDWK UDWH DPRQJ 66,

2YHUDOO WKH WRWDO FRVW RI DYRLGDEOH + ,V LQ )UDQFH KDV EHHQ HVWLPDWHG EHWZHHQ PLOOLRQ DQG

ELOOLRQ HXURV SHU HDU YRLGDEOH FRVWV UDQJH EHWZHHQ HXURV IRU 87,V WR HXURV

IRU WKH PRVW VHYHUH ,&8 %6, ZKLFK ZHUH IRXQG HVVHQWLDOO WR EH GXH WR SURORQJHG /26

2WKHU HVWLPDWHV LQ WKH ,&8 VHWWLQJ IRXQG WKDW + ,V FRVW RYHU HXURV DQG DGGHG IRXU GD V

WR WKH patients’ /26 RQ DYHUDJH ,Q DGGLWLRQ DQWLPLFURELDO UHVLVWDQW VWUDLQV ZHUH IRXQG WR

FRVW PRUH WKDQ VHQVLWLYH VWUDLQV L H 056 FRVWLQJ HXURV YHUVXV PHWKLFLOOLQ VHQVLWLYH

D FRVWLQJ HXURV DQG KDG DQ HVWLPDWHG LQFUHDVH LQ /26



(SLGHPLRORJ RI 66,
7KH 66, VXUYHLOODQFH QHWZRUN ,62 5DLVLQ HVWDEOLVKHG LQ KDV EHHQ VXUYH LQJ W SHV RI

VXUJLFDO XQLWV OLVWHG LQ 7DEOH ,Q WKH VXUYHLOODQFH V VWHP VXUYH HG D WRWDO RI

LQWHUYHQWLRQV DQG HVWLPDWHG WKH LQFLGHQFH UDWHV IRU HDFK RI WKHVH XQLWV 7DEOH

2UWKRSDHGLF VXUJHU WKH PRVW VXUYH HG LQWHUYHQWLRQ KDG DQ HVWLPDWHG D LQFLGHQFH UDWH

DPRQJ WKH VXUYH HG XQLWV LQ ZKLFK KDOI RI WKHVH 66,V ZHUH GHHS LQFLVLRQDO 66,V )RU JHQHUDO

VXUJHU WKH JOREDO 66, LQFLGHQFH UDWH ZDV HVWLPDWHG DW 7KH KLJKHVW UDWH RI 66, LQ JHQHUDO

VXUJHU ZDV IRU FRORUHFWDO VXUJHU LQFLGHQFH UDWH RI WKDW LQFOXGHG RI WKH

LQWHUYHQWLRQV IRU FRORUHFWDO FDQFHU 66,V IRU FRORUHFWDO VXUJHU ZHUH KLJKHVW IRU JHQHUDO VXUJHU

GXULQJ WKH HQWLUH WR SHULRG 2EHVLW DQG GLDEHWHV ZHUH LGHQWLILHG DV VLJQLILFDQW ULVN

IDFWRUV IRU DQ 66, LQ JHQHUDO VXUJHU PRQJ DOO VXUJLFDO XQLW W SHV WKH KLJKHVW 66, LQFLGHQFH

UDWH ZDV HVWLPDWHG IRU FRURQDU VXUJHULHV DW 7KH 66, LQFLGHQFH GHQVLW SHU IROORZ

XS GD V ZDV HVWLPDWHG DW IRU WKLV VXUJHU W SH 7KH VHFRQG KLJKHVW 66, LQFLGHQFH UDWH ZDV

HVWLPDWHG IRU UHFRQVWUXFWLYH VXUJHULHV 7DEOH 'HDWK UDWHV RI 66, SDWLHQWV ZHUH XQGHU LQ

DOO XQLWV LQ ZKLFK ZDV ORZHU FRPSDUHG WR D VWXG WKDW IRXQG WKH 66, DVVRFLDWHG

PRUWDOLW EHWZHHQ DQG

7DEOH 6XU LFDO VLWH L IHFWLR L FLGH FH UDWHV L )UD FH E VXU LFDO X LW VSHFLDOLW

6XU LFDO X LW W SH
66, L FLGH FH UDWH

&,
0RUWDOLW 8 LWV

VXUYH HG
, WHUYH WLR V

2UWKRSDHGLF >

*HQHUDO >

* QDHFRORJ REVWHWULFV > –

7UDXPD >

9DVFXODU >

8URORJ > –

1HXURVXUJHU >

%DULDWULF >

&RURQDU >

7KRUDFLF >

5HFRQVWUXFWLYH >



(SLGHPLRORJ RI ,&8 + ,
)RU DGXOW ,&8 LQIHFWLRQV WKH 5( 5DLVLQ DOVR FRQGXFWHG D VXUYH LQ RI ,&8V RI

SDWLHQWV ,Q WKHVH ,&8V RI SDWLHQWV ZHUH LPPXQRFRPSURPLVHG RI

SDWLHQWV UHFHLYHG DQ DQWLELRWLF DW DGPLVVLRQ DQG WKH ,&8 PRUWDOLW ZDV 7KH DYHUDJH

/26 RI SDWLHQWV LQ WKH ,&8 ZDV GD V ,QYDVLYH PHGLFDO GHYLFHV ZHUH YHU FRPPRQ DPRQJ

SDWLHQWV KDG D XULQDU FDWKHWHU KDG D FHQWUDO YHQRXV FDWKHWHU DQG KDG

LQWXEDWLRQ Q LQIHFWLRQ ZDV SUHVHQW LQ RI SDWLHQWV 7KH 5( 5DLVLQ UHSRUW HVWLPDWHG

WKDW RXW RI WKH LVRODWHG VWUDLQV RI WKH VWUDLQV ZHUH 056 DQG ZHUH (6%/ (

RPRQD D LQR D D WDSK ORFRFF SL PL L

ZHUH DOVR FRPPRQO LVRODWHG VWUDLQV Q HVWLPDWHG 9 3 LQIHFWLRQV RFFXUUHG SHU

LQWXEDWLRQ GD V %6, SHU ,&8 GD V &56, SHU FDWKHWHU GD V DQG

&5%6, SHU FDWKHWHU GD V

(SLGHPLRORJ RI 0'52V
7KH )UHQFK QDWLRQDO VXUYHLOODQFH QHWZRUN RI 0'52V LQ KHDOWKFDUH IDFLOLWLHV %05 5DLVLQ ZDV

HVWDEOLVKHG LQ DQG FRQGXFWHG DQQXDO VXUYH V RI 056 DQG (6%/ ( DQG WKH HIIHFWLYHQHVV

RI SUHYHQWLRQ PHDVXUHV RQ WKH VSUHDG RI SDWKRJHQV 7KH ODWHVW UHSRUW LQ VXUYH HG RYHU

IDFLOLWLHV WKDW FRYHUHG RI WKH FRPSOHWH KRVSLWDO VWD V IRU WKDW HDU 7KH PDMRULW

RI 056 DQG (6%/ ( ZHUH LGHQWLILHG LQ WKH DFXWH PHGLFDO FDUH VHWWLQJ IROORZHG E VXUJLFDO

XQLWV DQG ORQJ WHUP FDUH VHWWLQJV DFFRXQWLQJ IRU DQG RI 056 LVRODWHV DQG

DQG RI (6%/( ( LVRODWHV UHVSHFWLYHO

6LQFH WKH ILUVW DQQXDO VXUYH LQ WKH QXPEHU RI SDUWLFLSDWLQJ KHDOWKFDUH IDFLOLWLHV LQFUHDVHG

VLJQLILFDQWO DQG KDV DOORZHG IRU FRPSDULVRQ RI + , UDWHV RYHU WLPH LQ )UDQFH 7KH LQFLGHQFH

UDWH RI 056 KDV GHFUHDVHG PRUH WKDQ WZR IROG VLQFH IURP LQ WR LQ

DQG HVSHFLDOO LQ DFXWH FDUH ORQJ WHUP FDUH DQG ,&8 VHWWLQJV UHGXFHG E DQG

UHVSHFWLYHO )LJXUH 2Q WKH RWKHU KDQG WKH LQFLGHQFH UDWH IRU (6%/ ( KDV LQFUHDVHG

RYHU WLPH IURP LQ WR LQ )LJXUH )RXU PDLQ VSHFLHV RI (6%/ ( ( FROL

. SQ PRQLD (QW REDFW FORDFD DQG (QW REDFW D R Q EHFDPH PRUH SUHVHQW RYHU

WLPH ( FROL UHSUHVHQWHG RI LVRODWHV DQG . SQ PRQLD RI LVRODWHV LQ PRQJ

WKH VDPH KHDOWKFDUH IDFLOLWLHV VXUYH HG UHJXODUO EHWZHHQ DQG WKHUH ZDV VLJQLILFDQW

LQFUHDVH LQ WKH QXPEHU RI (6%/ ( LVRODWHV RYHU WLPH PRVW QRWDEO (6%/ SURGXFLQJ .

SQ PRQLD LQFUHDVHG E



)L XUH 056 D G (6% ( L FLGH FH UDWH SHU KRVSLWDO GD V )UD FH

7DNLQJ LQWR DFFRXQW WKH LQFLGHQFH UDWHV QXPEHU RI KRVSLWDO VWD V DQG KRVSLWDO EHGV WKH UHSRUW

HVWLPDWHG WKDW EHWZHHQ WR FDVHV RI 056 RFFXUUHG DQQXDOO LQ ZKLFK WR

ZHUH RI EDFWHUDHPLD FDVHV &RQFHUQLQJ (6%/ ( EHWZHHQ WR FDVHV

ZHUH HVWLPDWHG WR RFFXU DQQXDOO 7KH RYHUDOO WUHQGV DQG UDWHV ZHUH FRQVLVWHQW ZLWK RWKHU

UHSRUWV

,Q WKH ,&8 RI LQFLGHQW FDVHV KDG 056 DQG KDG (6%/ ( 7KH DYHUDJH SHUFHQWDJH RI

PHWKLFLOOLQ UHVLVWDQFH DPRQJ LVRODWHG D ZDV 7KHUH ZHUH IDU PRUH (6%/ ( 87,

LVRODWHV WKDQ 056 87,V YHUVXV 7KH LQFLGHQFH UDWH RI (6%/ ( ZDV KLJKHU LQ WKH

,&8 WKDQ 056 LQFLGHQFH RI 056 SHU KRVSLWDO GD V YHUVXV LQFLGHQFH RI

(6%/ ( SHU KRVSLWDO GD V )LJXUH



)L XUH 056 D G (6% ( L FLGH FH UDWH SHU KRVSLWDO GD V E VHWWL )UD FH



&KDSWHU &DUEDSHQHPDVH SURGXFLQJ (QW REDFW LDF D &3(

(QW REDFW LDF D
(QW REDFW LDF D DUH D IDPLO RI *UDP QHJDWLYH EDFWHULD WKDW DUH DPRQJ WKH PRVW LPSRUWDQW

KXPDQ SDWKRJHQV DQG DUH UHVSRQVLEOH IRU D EURDG UDQJH RI LQIHFWLRQV LQ KXPDQV OWKRXJK

WKH DUH IUHTXHQW DV PSWRPDWLF FRORQL]HUV RI WKH JDVWURLQWHVWLQDO DQG RURSKDU QJHDO WUDFW RI

KXPDQV DQG DQLPDOV WKH DOVR DUH RQH RI WKH OHDGLQJ FDXVHV RI + ,V ( FROL . SQ PRQLDH

(QW REDFW VSHFLHV DQG . R[ WRFD DUH VRPH RI WKH PRVW FRPPRQ + ,V DQG DFFRXQWHG IRU

RI + , LVRODWHG LQ WR LQ WKH 86 7KH KDYH EHHQ LPSOLFDWHG LQ + , 87,V

66,V %6,V DQG 9 3 LQIHFWLRQV OWKRXJK WKHUH KDV EHHQ D UHSRUW WKDW WKH RYHUDOO SURSRUWLRQ

RI + , GXH WR (QW REDFW LDF D GHFOLQLQJ RYHU WLPH LQ WKH 86 WKH SUHYDOHQFH RI

DQWLPLFURELDO UHVLVWDQFH KDV LQFUHDVHG DPRQJ EDFWHULD RI WKLV IDPLO FDXVLQJ PDMRU FRQFHUQ LQ

WKH KHDOWKFDUH VHWWLQJV DOO RYHU WKH ZRUOG

%HWD ODFWDP DQWLPLFURELDOV DQG UHVLVWDQFH
%HWD ODFWDP DQWLPLFURELDOV DUH FKHPLFDOV FKDUDFWHUL]HG E D EHWD ODFWDP ULQJ ZLWKLQ WKHLU

VWUXFWXUH 7KHVH DQWLPLFURELDOV DUH FRQVLGHUHG WR EH EURDG VSHFWUXP DQWLPLFURELDOV PHDQLQJ

WKDW WKH FDQ EH XVHG DJDLQVW D ODUJH YDULHW RI EDFWHULDO VSHFLHV %HWD ODFWDPV XVHG WR WUHDW

SDWLHQWV ZLWK YDULRXV LQIHFWLRQV L H VNLQ LQIHFWLRQV GHQWDO LQIHFWLRQV ORZHU UHVSLUDWRU WUDFW

LQIHFWLRQV DQG XULQDU LQIHFWLRQV FDQ EH FODVVLILHG LQWR ILYH PDLQ DQWLPLFURELDO JURXSV

SHQLFLOOLQV FHSKDORVSRULQV PRQREDFWDPV FDUEDSHQHPV DQG EHWD ODFWDPDVH LQKLELWRUV

7KH ILUVW XVH RI SHQLFLOOLQ WR WUHDW SDWLHQWV ZDV LQ HDUV DIWHU LWV LQLWLDO GLVFRYHU

%HWD ODFWDPDVHV ZKLFK DUH HQ] PHV SURGXFHG E UHVLVWDQW EDFWHULD WKDW LQKLELW EHWD ODFWDP

DFWLYLW DUH WKH PRVW LPSRUWDQW PHFKDQLVP RI UHVLVWDQFH WR EHWD ODFWDP DQWLPLFURELDOV %HWD

ODFWDPDVHV FDQ EH JURXSHG LQWR IRXU PEOHU FODVVHV ZKLFK VKDUH VWUXFWXUDO VLPLODULWLHV FODVV

% & DQG ' 7KHLU PDLQ PHFKDQLVP RI DFWLRQ LV WR LQKLELW WKH SHSWLGDVH GRPDLQ RI

SHQLFLOOLQ ELQGLQJ SURWHLQV 3%3V UHTXLUHG IRU FHOO ZDOO V QWKHVLV ZKLFK OHDGV WR DXWRO VLV DQG

FHOO EXUVWLQJ

&DUEDSHQHP DQWLPLFURELDOV DQG WKH HPHUJHQFH RI &3(
&DUEDSHQHPV DUH D FODVV RI EHWD ODFWDP DQWLPLFURELDOV WKDW DUH HIIHFWLYH DJDLQVW ERWK JUDP

SRVLWLYH DQG JUDP QHJDWLYH EDFWHULD 7KLHQDP FLQ RU WKLHQSHQHP ZDV WKH ILUVW QDWXUDOO

RFFXUULQJ FDUEDSHQHP DQWLPLFURELDO WR EH GLVFRYHUHG LQ DQG WR EH GHVFULEHG LQ GHWDLO LQ

7KLHQSHQHP LV ERWK SRWHQW DQG KDV EURDG VSHFWUXP DFWLYLW KRZHYHU LW LV



FKHPLFDOO XQVWDEOH ,Q DGGLWLRQ WR RWKHU FDUEDSHQHPV LPLSHQHP D GHULYDWLYH RI

WKLHQSHQHP ZDV IRXQG WR EH ERWK PRUH VWDEOH DQG HIIHFWLYH DJDLQVW JUDP SRVLWLYH DQG JUDP

QHJDWLYH EDFWHULD VXFK DV WKH (QW REDFW LDF D ,PLSHQHP ZDV UHOHDVHG LQ DV

WKH ILUVW FDUEDSHQHP WR EH XVHG WR WUHDW LQIHFWLRQV 2YHU FRPSRXQGV RI FDUEDSHQHPV

KDYH EHHQ GHYHORSHG &RPELQLQJ FDUEDSHQHPV ZLWK RWKHU DQWLPLFURELDOV KDV EHFRPH D

FRPPRQ PHWKRG WR WUHDW PXOWL GUXJ UHVLVWDQW EDFWHULD

5HVLVWDQFH WR FDUEDSHQHPV LV DQ LPSRUWDQW SXEOLF KHDOWK LVVXH EHFDXVH FDUEDSHQHPV ZHUH RIWHQ

FRQVLGHUHG WR EH WKH WUHDWPHQW RI “ODVW UHVRUW” IRU LQIHFWLRQV ZKHQ RWKHU DQWLPLFURELDOV ZHUH QRW

VXFFHVVIXO &DUEDSHQHPDVHV KDYH WKH DELOLW WR K GURO VH FDUEDSHQHP DQWLPLFURELDOV DQG

VRPH DUH UHIHUUHG WR DV D VSHFLILF W SH RI EHWD ODFWDPDVH – WKH PHWDOOR EHWD ODFWDPDVHV ,Q

RUGHU IRU FDUEDSHQHP GHYHORSPHQW WR EH VXFFHVVIXO DJDLQVW WKHVH HPHUJLQJ UHVLVWDQW VWUDLQV

QHZ DQWLPLFURELDOV PXVW EH DEOH WR RYHUFRPH ERWK EHWD ODFWDPDVHV DQG PHWDOOR EHWD

ODFWDPDVHV &RPELQDWLRQ WKHUDS FROLVWLQ DQG WLJHF FOLQH DUH VRPH RI WKH IHZ UHPDLQLQJ

RSWLRQV IRU WUHDWLQJ SDWLHQWV ZLWK &3( 8QIRUWXQDWHO WKH GHYHORSPHQW RI DQWLPLFURELDOV DFWLYH

DJDLQVW &3( KDV QRW HW EHHQ DFKLHYHG

:LWK WKH H[FHSWLRQ RI RQH HQ] PH DOO FDUEDSHQHPDVHV DUH RI FODVV % DQG ' EHWD

ODFWDPDVHV 7KH PHFKDQLVP RI UHVLVWDQFH WR FDUEDSHQHPV FDUEDSHQHPDVH HQ] PHV WKH

HDU RI WKHLU LGHQWLILFDWLRQ HQFRGLQJ JHQH ORFDWLRQ FRXQWU RI ILUVW LVRODWLRQ DQG FODVV DUH

VKRZQ LQ 7DEOH

7DEOH ,VRODWLR RI VRPH RI WKH ILUVW GHVFULEHG FDUEDSH HPDVH H ] PHV
( ] PH &ODVV ( FRGL &RX WU HDU 5HI

2; ' 3ODVPLG -DSDQ

60( &KURPRVRPH 8.

,03 % 3ODVPLG -DSDQ

,0, &KURPRVRPH 86

5, 2; ' 3ODVPLG 6FRWODQG

10& &KURPRVRPH )UDQFH

60( &KURPRVRPH 86

9,0 % 3ODVPLG )UDQFH

9,0 % 3ODVPLG ,WDO

.3& 3ODVPLG 86

,03 % 3ODVPLG ,WDO

*(6 3ODVPLG )UHQFK *XLDQD

.3& 3ODVPLG 86

630 % 3ODVPLG %UD]LO



*(6 ,%& 3ODVPLG *UHHFH

9,0 % 3ODVPLG 7DLZDQ

*(6 3ODVPLG 6RXWK IULFD

.3& 3ODVPLG 86

2; ' 3ODVPLG 7XUNH

*,0 % 3ODVPLG *HUPDQ

6,0 % 3ODVPLG 6RXWK .RUHD

.3& 3ODVPLG 6FRWODQG

60( &KURPRVRPH 86

1'0 % 3ODVPLG ,QGLD 6ZHGHQ

2; ' 3ODVPLG ,QGLD

<DPDPRWR HW DO GHVFULEHG WKH R[D JHQH LQ D SDSHU SXEOLVKHG LQ XVLQJ EDFWHULD VWUDLQV RULJLQDOO LVRODWHG
IURP (JRZD HW DO SXEOLVKHG LQ

EDFWHULD VWUDLQ LVRODWHG DQG H[DPLQHG LQ 6ZHGHQ SDWLHQW PRVW OLNHO DFTXLUHG LQIHFWLRQ LQ ,QGLD
*(6 *XLDQD H[WHQGHG VSHFWUXP
*,0 *HUPDQ LPLSHQHPDVH
,%& LQWHJURQ ERUQH FHSKDORVSRULQDVH QRZ UHYLVHG WR *(6 W SH
,0, LPLSHQHP K GURO ]LQJ EHWD ODFWDPDVH
,03 DFWLYH RQ LPLSHQHP
.3& .O E L OOD SQ PRQLD FDUEDSHQHPDVH
1'0 1HZ 'HOKL PHWDOOR EHWD ODFWDPDVH
10& QRW PHWDOOR HQ] PH FDUEDSHQHPDVH
2; R[DFLOOLQ K GURO ]LQJ
6,0 6HRXO LPLSHQHPDVH
60( DWLD PD F F Q HQ] PH
630 6DR 3DXOR PHWDOOR EHWD ODFWDPDVH
9,0 9HURQD LQWHJURQ HQFRGHG PHWDOOR EHWD ODFWDPDVH

&DUEDSHQHPDVH HQ] PHV ZHUH ILUVW GHWHFWHG LQ JUDP SRVLWLYH EDFLOOL DQG WKHQ JUDP QHJDWLYH

EDFLOOL VXFK DV D LQR D DQG ED PDQQLL &DUEDSHQHPDVH DFWLYLW LQ

(QW REDFW LDF D ZDV UHSRUWHG LQ WKH V DQG EHFDPH D FRQFHUQ LQ WKH V ZKHQ LW ZDV

LGHQWLILHG LQ . SQ PRQLD ,QLWLDOO FDUEDSHQHPDVHV ZHUH FRQVLGHUHG DQ LVVXH RI FORQDO

VSUHDG XQWLO WUDQVPLVVLRQ RI FDUEDSHQHPDVH JHQHV ZHUH LGHQWLILHG EHWZHHQ GLIIHUHQW

VSHFLHV FRPELQDWLRQ RI WKH SURGXFWLRQ RI EHWD ODFWDPDVHV HIIOX[ SXPSV DQG

PXWDWLRQV WKDW DOWHU SRULQV DQG 3%3 KDYH OHG WR KLJK OHYHOV RI UHVLVWDQFH LQ VSHFLHV VXFK DV .

SQ PRQLD DQG ED PDQQLL

5LVN IDFWRUV IRU VSUHDG
,Q WKH (&'& FRQGXFWHG D ULVN DVVHVVPHQW RQ WKH VSUHDG RI &3( WKURXJK SDWLHQW WUDQVIHU

LQ KHDOWKFDUH IDFLOLWLHV 7KHUH ZDV VWURQJ HYLGHQFH WR VXSSRUW WKDW WUDQVIHUUHG SDWLHQWV FRORQLVHG

RU LQIHFWHG ZLWK &3( DFURVV LQWHUQDWLRQDO ERUGHUV LQFUHDVHG WKH ULVN RI LQWURGXFWLRQ RI &3( LQ

WKH KHDOWKFDUH IDFLOLWLHV LQ DQRWKHU FRXQWU &RQVXPSWLRQ RI FDUEDSHQHPV WKLUG DQG IRXUWK

JHQHUDWLRQ FHSKDORVSRULQV DQG IOXRURTXLQRORQHV ZHUH LGHQWLILHG DV ULVN IDFWRUV IRU &3(



FRORQLVDWLRQ RU LQIHFWLRQ 7KH (&'& XUJHG IRU PRUH SUXGHQW XVH RI DQWLPLFURELDOV OWKRXJK

WKH DVVHVVPHQW IRXQG WKDW WKHUH ZDV OLWWOH HYLGHQFH RQ WKH HIIHFWLYHQHVV RI FRQWURO PHDVXUHV

WKH DUJXHG WKDW PHDVXUHV WDUJHWLQJ &3( LI LPSOHPHQWHG VKRXOG KDYH VLPLODU HIIHFWLYHQHVV DV

RWKHU PHDVXUHV IRU 0'52V (XURSHDQ OHYHO GDWD RQ &3( LQ ORQJ WHUP FDUH VHWWLQJV KDYH EHHQ

OLPLWHG FRPSDUHG WR WKH PDQ VWXGLHV FRQGXFWHG LQ DFXWH FDUH VHWWLQJV

,QWHUQDWLRQDO FRQWH[W RI WKH &3( HSLGHPLF
&3( SUHYDOHQFH KDV LQFUHDVHG UDSLGO LQ WKH ODVW WZR GHFDGHV ZRUOGZLGH +RUL]RQWDO JHQH

WUDQVIHU WKURXJKPRELOH JHQHWLF HOHPHQWV VXFK DV SODVPLGV DQG WUDQVSRVRQV PRYLQJ SRSXODWLRQV

DQG SDWLHQW WUDQVIHUV ZLWKLQ DQG DFURVV ERUGHUV KDYH FRQWULEXWHG WR WKH VSUHDG RI PDQ FODVVHV

RI FDUEDSHQHPDVH SURGXFLQJ JHQHV LI QRW DOO FODVVHV LQ WKH 8QLWHG 6WDWHV *UHHFH WKH

0HGLWHUUDQHDQ DQG (XURSHDQ UHJLRQV DQG ,QGLD

:RUOGZLGH UHSRUWV RI &3(
7KH ILUVW GHVFULSWLRQ RI D FDUEDSHQHPDVH SURGXFLQJ EDFWHULD LVRODWHG IURP WKH

(QW REDFW LDF D IDPLO ZDV UHSRUWHG LQ LQ )UDQFH ,VRODWLRQ RI WKH ILUVW

FDUEDSHQHPDVH SURGXFLQJ . SQ PRQLD .3& ZDV UHSRUWHG LQ WKH 8QLWHG 6WDWHV VRRQ DIWHU

LQ .3& ZDV UHSRUWHG DFURVV WKH 8QLWHG 6WDWHV LQ 6RXWK PHULFD LQ (XURSH DQG VHYHUDO

SURYLQFHV LQ &KLQD DPRQJ RWKHU FRXQWULHV )LJXUH 7KHVH .3& SURGXFHUV KDYH EHHQ

LVRODWHG IURP SDWLHQWV LQ KRVSLWDO VHWWLQJV LQ PRVW FDVHV WKRXJK UDUH WKH KDYH DOVR EHHQ

LGHQWLILHG LQ WKH FRPPXQLW 2QH FORQH RI . SQ PRQLD VHTXHQFH W SH ZDV LGHQWLILHG

ZRUOGZLGH

)L XUH :RUOG LGH HR UDSKLF GLVWULEXWLR RI .3&

5HWULHYHG IURP VWXGLHV SXEOLVKHG XVLQJ GDWD XS WR



)RU PEOHU FODVV SURGXFLQJ HQ] PHV 9,0 DQG ,03 SURGXFHUV KDYH DOVR EHHQ GHVFULEHG

ZRUOGZLGH )LJXUH 7KHUH KDV EHHQ KLJK SUHYDOHQFH RI ,03 SURGXFHUV LQ -DSDQ DQG 7DLZDQ

ZKLOH *UHHFH KDG RQH RI WKH KLJKHVW SUHYDOHQFH RI 9,0 LQ 2XWEUHDNV KDYH EHHQ UHSRUWHG

IRU ERWK &3( W SHV LQ PDQ FRXQWULHV

)L XUH :RUOG LGH HR UDSKLF GLVWULEXWLR RI 9,0 D G ,03

5HWULHYHG IURP VWXGLHV SXEOLVKHG XVLQJ GDWD XS WR

:LWKLQ IRXU years of its’ first identification, NDM SURGXFLQJ (QW REDFW LDF D KDYH EHHQ

REVHUYHG LQ KLJK QXPEHUV LQ ,QGLD %DQJODGHVK DQG 3DNLVWDQ ZKHUH LW RULJLQDWHG DQG DOVR LQ WKH

0LGGOH (DVW DQG (XURSH )LJXUH 7KH PDLQ FKDOOHQJHV WKDW DUH IDFHG ZLWK FRQWUROOLQJ 1'0

SHUWDLQ WR WKH EHWD ODFWDPDVH JHQH EOD1'0 EHLQJ H[SUHVVHG LQ PDQ XQUHODWHG VSHFLHV LWV

VSUHDG LQ WKH HQYLURQPHQW LWV DFTXLVLWLRQ LQ WZR FRPPRQO WUDQVPLWWHG SDWKRJHQV .

SQ PRQLD DQG ( FROL DQG WKH SUHVHQFH RI D SRWHQWLDOO ODUJH KXPDQ SRSXODWLRQ UHVHUYRLU LQ

,QGLD



)L XUH :RUOG LGH HR UDSKLF GLVWULEXWLR RI 1 0

5HWULHYHG IURP VWXGLHV SXEOLVKHG XVLQJ GDWD XS WR

7KH WUXH SUHYDOHQFH RI 2; RQH RI WKH PRVW FRPPRQO LGHQWLILHG 2; SURGXFHUV PD

DFWXDOO EH XQGHUHVWLPDWHG GXH WR WKH GLIILFXOW RI LGHQWLI LQJ WKLV W SH RI FDUEDSHQHPDVH

SURGXFHU 7KLV PEOHU FODVV ' HQ] PH ZDV ILUVW LGHQWLILHG LQ 7XUNH LQ DQG VSUHDG

WKURXJKRXW WKH 0LGGOH (DVW 1RUWK IULFD LQ SDUWLFXODU 0RURFFR DQG (XURSH )LJXUH

VWXG KDV VKRZQ WKDW VSUHDG PD QRW KDYH EHHQ GXH WR RQH VLQJOH . SQ PRQLD FORQH

EXW PDQ 1RUGPDQQ HW DO DUJXH WKDW WZR W SHV RI &3( HSLGHPLFV PD EH RFFXUULQJ

ZRUOGZLGH D QRVRFRPLDO &3( HSLGHPLF PDLQO WKURXJK . SQ PRQLD EDFWHULD IRU DOO

PHFKDQLVP W SHV DQG RQH RI FRPPXQLW VSUHDG YLD ( FROL EDFWHULD HQFRGLQJ 2; DQG

1'0 JHQHV

)L XUH :RUOG LGH HR UDSKLF GLVWULEXWLR RI 2

5HWULHYHG IURP VWXGLHV SXEOLVKHG XVLQJ GDWD XS WR



,Q WKH (&'& SXEOLVKHG D UDSLG ULVN DVVHVVPHQW EDVHG RQ &3( GDWD IURP WKH (XURSHDQ

QWLPLFURELDOV 6XUYHLOODQFH 1HWZRUN ( 56 1HW WR GHVFULEH FROOHFWHG LVRODWHV LQ (XURSH

/HVV WKDQ RQH SHUFHQW RI ( FROL LVRODWHV ZHUH &3( LQ DOO SDUWLFLSDWLQJ (XURSHDQ FRXQWULHV ZKLOH

LQ *UHHFH PRUH WKDQ KDOI RI . SQ PRQLD LVRODWHV ZHUH .3& )RU WKH SHULRG IRXU

FRXQWULHV ZHUH LGHQWLILHG DV KDYLQJ DQ HQGHPLF &3( VLWXDWLRQ VWDJH *UHHFH VLQFH

,WDO VLQFH 0DOWD VLQFH DQG 7XUNH 1LQH FRXQWULHV ZHUH FODVVLILHG DW VWDJH

ZLWK LQWHU UHJLRQDO VSUHDG RI &3(

,QFLGHQFH DQG SUHYDOHQFH
7KH SUHYDOHQFH RI &3( YDULHV GHSHQGLQJ RQ WKH UHJLRQ DQG FRXQWU ,Q 1HZ <RUN ZKHUH .3&

HPHUJHG DQG EHFDPH KLJKO SUHYDOHQW FDUEDSHQHPDVH UHVLVWDQFH DPRQJ . SQ PRQLD ZDV

UHSRUWHG DV KLJK DV LQ EXW WKHQ GHFUHDVHG WR LQ OWKRXJK GDWD LQ

WKH 86 UHJDUGLQJ .3& LV UDUH WKHUH KDYH EHHQ HVWLPDWHV RI DQQXDO LQFLGHQW .3&

SURGXFLQJ &5( FDVHV SHU SRSXODWLRQ ,Q D VWXG FRQGXFWHG LQ VHYHQ &HQWUDO DQG

6RXWK PHULFDQ FRXQWULHV RXW RI RI SDWLHQWV ZLWK &3( ZHUH LGHQWLILHG ZLWK D .3&

SURGXFLQJ JHQH 7KH DWWULEXWDEOH GHDWK UDWH RI D .3& LQIHFWLRQ KDYH EHHQ UHSRUWHG DV KLJK DV

,Q ( 56 1HW UHSRUWHG RQ DQWLPLFURELDO UHVLVWDQFH LQ (XURSH OO FRXQWULHV KDG OHVV

WKDQ UHVLVWDQFH WR FDUEDSHQHPV DPRQJ ( FROL LVRODWHV ZLWK WKH H[FHSWLRQ RI 5RPDQLD

ZLWK UHVLVWDQFH 7KH SUHYDOHQFH RI &3( UHVLVWDQFH DPRQJ . SQ PRQLD LVRODWHV ZDV

HVWLPDWHG DW ZLWK WKH KLJKHVW SUHYDOHQFH LQ *UHHFH DW IROORZHG E ,WDO DW DQG

5RPDQLD DW PRQJ D LQR D LVRODWHV ZHUH FDUEDSHQHP UHVLVWDQW DQG DPRQJ

FLQ WREDFW VSHFLHV RI LVRODWHV ZHUH FDUEDSHQHP UHVLVWDQW ,Q (XURSHDQ ,&8V

FDUEDSHQHP UHVLVWDQFH ZDV UHSRUWHG LQ RI .O E L OOD VSHFLHV LVRODWHV RI

D LQR D LVRODWHV DQG RI ED PDQQLL LVRODWHV QRWKHU (XURSHDQ OHYHO VWXG IRXQG

WKDW EDVHG RQ SRSXODWLRQ ZHLJKWHG DYHUDJHV SDWLHQWV SHU 0 000 hospital admissions and 

5 patients per 100 000 hospital patient GD V KDG D FDUEDSHQHPDVH SURGXFLQJ . SQ PRQLD

RU ( FROL 7KH KLJKHVW LQFLGHQFH ZDV IRXQG LQ *UHHFH ,WDO 0RQWHQHJUR 6SDLQ DQG

6HUELD ,Q D )UHQFK VWXG WKH LQFLGHQFH GHQVLW UDWH RI &3( ZDV HVWLPDWHG DW SHU

KRVSLWDO GD V DQG SHU DGPLVVLRQV

)UHQFK FRQWH[W RI WKH &3( HSLGHPLF
0DQGDWRU QRWLILFDWLRQV RI DOO VXVSHFWHG LVRODWHV RI &3( ERWK LQIHFWLRQV DQG FRORQLVDWLRQV DUH

UHSRUWHG WR UHJLRQDO KHDOWK DJHQFLHV JHQFH 1DWLRQDO GH 6DQWp 56 DQG &3LDV LQ )UDQFH



7KH PHFKDQLVPV RI UHVLVWDQFH DUH YHULILHG LQ ORFDO RU H[SHUW ODERUDWRULHV RU WUDQVIHUUHG WR WKH

QDWLRQDO UHIHUHQFH FHQWUHV &HQWUH 1DWLRQDO GH 5pIpUHQFH &15 IRU FRQILUPDWLRQ 3XEOLF

+HDOWK )UDQFH SXEOLVKHV UHSRUWV RQ WKH HSLGHPLRORJLFDO VLWXDWLRQ RI &3( HYHU VHPHVWHU

7KH ILUVW LGHQWLILHG FDVH RI &3( LQ )UDQFH ZDV LQ FRQFHUQLQJ D SDWLHQW DGPLWWHG LQ

'HFHPEHU WR D )UHQFK KRVSLWDO ,&8 ZKR KDG EHHQ WUDQVIHUUHG IURP *UHHFH )LJXUH

7KH SDWLHQW ZDV FRORQL]HG ZLWK . SQ PRQLD SURGXFLQJ 9,0 DQG 6+9 DQG WUDQVPLWWHG

WKH VWUDLQV WR VHYHQ RWKHU SDWLHQWV LQ WKH VXUJLFDO ZDUG DQG ,&8 IURP )HEUXDU WR XJXVW RI

'HVSLWH WUDQVPLVVLRQ WR RWKHU SDWLHQWV WKH RXWEUHDN ZDV FRQWUROOHG TXLFNO

DFFRUGLQJ WR WKH DXWKRUV ZKR ILUVW GHVFULEHG WKH VWXG QRWKHU VHYHQ HSLVRGHV GHILQHG DV

JURXSHG VLJQDOV RI RQH RU PRUH FDVHV ZLWKLQ WKH VDPH FKDLQ RI WUDQVPLVVLRQ GHWHUPLQHG E DQ

HSLGHPLRORJLFDO LQYHVWLJDWLRQ E VXUYHLOODQFH DXWKRULWLHV ZHUH LGHQWLILHG EHWZHHQ DQG

)L XUH &3( HSLGHPLF L )UD FH

Q LPSRUWDQW RXWEUHDN RFFXUUHG LQ ZKLFK ZDV WKH ILUVW UHSRUWHG .3& SURGXFLQJ .

SQ PRQLD RXWEUHDN GXH WR D FRQWDPLQDWHG HQGRVFRSH )LJXUH 2YHU FRQWDFWV



ZHUH VFUHHQHG LQ ILYH GLIIHUHQW KHDOWKFDUH IDFLOLWLHV 7ZR ODUJH 2; SURGXFLQJ .

SQ PRQLD RXWEUHDNV ZHUH UHSRUWHG LQ LQ ZKLFK RQH GLG QRW KDYH D OLQN WR DQ FURVV

ERUGHU WUDQVIHU DQG WKH RWKHU ZDV OLQNHG WR LPSRUWDWLRQ IURP 0RURFFR 7KH ILUVW

RXWEUHDN OHG WR WKH VFUHHQLQJ RI FRQWDFWV LQ KHDOWKFDUH IDFLOLWLHV DQG WKH VHFRQG RXWEUHDN

LPSOLFDWHG FDVHV LQ ZKLFK FRQWDFWV ZHUH VFUHHQHG LQ IDFLOLWLHV

PRQJ WKH ILUVW HSLVRGHV UHSRUWHG EHWZHHQ DQG LQ )UDQFH RI WKHP LPSOLFDWHG

HLWKHU FRORQLVDWLRQ RU LQIHFWLRQ RI . SQ PRQLD IROORZHG E IRXU ( FORDFD VWUDLQV WKUHH (

FROL VWUDLQV WZR ( D R Q VWUDLQ RQH LW REDFW I Q LL VWUDLQ DQG RQH RW PL DELOL

VWUDLQ 7KH .3& PHFKDQLVP RI UHVLVWDQFH ZDV PRVW FRPPRQ Q IROORZHG E 2;

Q 9,0 Q RQH RI WZR PHFKDQLVPV LGHQWLILHG LQ RQH VWUDLQ 1'0 Q ,03 Q 

RQH RI WZR PHFKDQLVPV LGHQWLILHG LQ RQH VWUDLQ DQG RQH ZDV QRW LGHQWLILHG 2XW RI WKH

HSLVRGHV ZHUH OLQNHG WR D WUDQVIHUUHG SDWLHQW ZKR KDG EHHQ SUHYLRXVO GLVFKDUJHG IURP D

IRUHLJQ FRXQWU (OHYHQ RI WKH HSLVRGHV KDG DQ LQGH[ FDVH ZKR ZDV WUDQVIHUUHG IURP *UHHFH

IROORZHG E ,QGLD Q DQG0RURFFR Q 7ZHQW HSLVRGHV RFFXUUHG LQ WKH ,OH GH )UDQFH

DQG WKH QRUWKHUQ UHJLRQV DQG VL[ RFFXUUHG LQ WKH VRXWK HDVWHUQ UHJLRQV RI )UDQFH

'XH WR WKH ULVLQJ RFFXUUHQFH RI FURVV ERUGHU WUDQVIHU RI YDULRXV FDUEDSHQHPDVH SURGXFLQJ

VWUDLQV LQ )UDQFH LQFOXGLQJ WKH ILUVW UHSRUW RI LQWHUFRQWLQHQWDO VSUHDG RI .3& IURP WKH 8QLWHG

6WDWHV WR )UDQFH LQ D .3& DQG 6+9 SURGXFLQJ . SQ PRQLD VWUDLQ IURP

*UHHFH 2; WUDQVIHUUHG IURP 7XUNH DQG WKH FRQVHTXHQW JURZLQJ QXPEHU RI

VHFRQGDU FDVHV )UDQFH YRLFHG LWV FRQFHUQV RI &3( VSUHDG LQ DW WKH (XURSHDQ &HQWUH IRU

'LVHDVH 3UHYHQWLRQ DQG &RQWURO (&'& GYLVRU )RUXP 7KH JURZLQJ FRQFHUQ OHDG WR D

(XURSHDQ ZLGH ULVN DVVHVVPHQW RI &3( E WKH (&'& LQ DQG DJDLQ PRUH UHFHQWO LQ

,Q )UDQFH REVHUYHG DQRWKHU VKDUS ULVH LQ WKH QXPEHU RI &3( HSLVRGHV WRWDOOLQJ WR

HSLVRGHV ,Q WKH IROORZLQJ HDUV WKH QXPEHU RI HSLVRGHV FRQWLQXHG WR ULVH LQ

LQ LQ DQG LQ )LJXUH 6HDVRQDOLW WUHQGV ZHUH REVHUYHG VWDUWLQJ LQ

ZKHUH WKH QXPEHU RI HSLVRGHV SHDNHG GXULQJ XJXVW 6HSWHPEHU DQG 2FWREHU

7KH &3( HSLGHPLF IURP WR DIIHFWHG DOPRVW SDWLHQWV GXULQJ ZKLFK RI

HSLVRGHV RFFXUUHG LQ WKH ,OH GH )UDQFH UHJLRQ LQ WKH 3URYHQFH OSHV Cote d’Azur region 

DQG OHVV WKDQ LQ HDFK UHPDLQLQJ UHJLRQ (LJKW SHUFHQW RI SDWLHQWV ZHUH FRORQLVHG DQG

ZHUH LQIHFWHG ZLWK D &3( VWUDLQ 7KH QXPEHU RI FDVHV SHU UHSRUWHG HSLVRGH UHGXFHG RYHU

WLPH KRZHYHU IRXU HSLVRGHV DIIHFWLQJ RYHU FDVHV ZHUH IROORZHG RYHU WKH HDUV DQG ZHUH



VWLOO DFWLYH LQ 6LQFH PRVW LQIHFWLRQ VLWHV RI &3( KDYH EHHQ 87, %6,

RU SQHXPRQLD 0RVW FRORQLVDWLRQV ZHUH LGHQWLILHG LQ WKH JDVWURLQWHVWLQDO WUDFW RU

XULQDU WUDFW )URP WKH WR SHULRG . SQ PRQLD ZHUH WKH PRVW

FRPPRQO LVRODWHG VWUDLQ RI &3( UHSUHVHQWLQJ RI DOO LVRODWHG VWUDLQV LQ ERWK SHULRGV (

FROL ZHUH WKH VHFRQG PRVW FRPPRQO LVRODWHG EDFWHULD UHSUHVHQWLQJ RI LVRODWHG VWUDLQV ,Q

DGGLWLRQ 2; DQG 2; OLNH &3( UHSUHVHQWHG RI WKH LGHQWLILHG PHFKDQLVPV RI

FDUEDSHQHP UHVLVWDQFH &RQFHUQLQJ HSLVRGHV QRW OLQNHG WR LQWHUQDWLRQDO LPSRUWDWLRQ KDYH

EHHQ UHSRUWHG ZLWK 2; OLNH PHFKDQLVP RI UHVLVWDQFH 7KHUH ZDV DOVR DQ LPSRUWDQW

GLPLQXWLRQ RI WKH QXPEHU RI HSLVRGHV OLQNHG WR IRUHLJQ LPSRUWDWLRQ RYHU WLPH IURP LQ

LQ LQ LQ LQ WR LQ 0RURFFR

OJHULD 7XQLVLD ,QGLD DQG (J SW KDYH EHHQ WKH WRS ILYH FRXQWULHV ZHUH FURVV ERUGHU

LPSRUWDWLRQ RI &3( KDV EHHQ OLQNHG LQ )UDQFH

7KH (XURSHDQ ZLGH ULVN DVVHVVPHQW RI &3( E WKH (&'& LQ VKRZHG WKDW OLNH RWKHU

(XURSHDQ FRXQWULHV )UDQFH KDV XSGDWHG WKHLU QDWLRQDO JXLGHOLQHV DQG VWUDWHJLHV FRQFHUQLQJ

&3( KRZHYHU IURP WR WKH SHULRG )UDQFH DGYDQFHG IURP DQ HSLGHPLRORJLFDO

VWDJH RI UHJLRQDO VSUHDG WR D VWDJH LQWHU UHJLRQDO VSUHDG RI &3( DQG PD ULVN UHDFKLQJ D

&3( HQGHPLF VLWXDWLRQ VWDJH

3UHYDOHQFH DQG PRUWDOLW
,Q WKH ( 56 1HW )UHQFK GDWD OHVV WKDQ RI ( FROL LVRODWHV ZHUH UHVLVWDQW WR

FDUEDSHQHPDVHV DQG OHVV WKDQ RI . SQ PRQLD ZHUH UHVLVWDQW WR FDUEDSHQHPV PRQJ

LVRODWHV RI D LQR D ZHUH FDUEDSHQHP UHVLVWDQW DQG DPRQJ LVRODWHV RI

FLQ WREDFW VSHFLHV ZHUH UHVLVWDQW 7KH SHUFHQWDJH RI FDUEDSHQHPDVH UHVLVWDQFH

DPRQJ (QW REDFW LDF D ZLWK GHFUHDVHG VXVFHSWLELOLW WR FDUEDSHQHPV LQFUHDVHG IURP

LQ WR LQ DQG LQ

,Q WKH WR SHULRG WKH &3( HSLVRGHV LQ )UDQFH UHVXOWHG LQ D PRUWDOLW UDWH

5HSRUWV RI UDWHV RI PRUWDOLW EHWZHHQ WR ZHUH IRXQG IRU &3( EDFWHUDHPLD 2XW RI

WKH &3( HSLVRGHV RFFXUULQJ LQ /D 5HXQLRQ D )UHQFK RYHUVHDV LVODQG EHWZHHQ DQG

D VWXG IRXQG DQ PRUWDOLW UDWH DPRQJ WKRVH FRORQLVHG DQG DQ PRUWDOLW UDWH DPRQJ

WKRVH LQIHFWHG



Part Two: Spread of pathogens in healthcare settings



&KDSWHU 8QGHUVWDQGLQJ SDWKRJHQ VSUHDG G QDPLFV

0HFKDQLVPV RI VSUHDG LQ KHDOWKFDUH VHWWLQJV
7KHUH DUH VHYHUDO ZD V LQ ZKLFK SDWKRJHQV FDQ VSUHDG ZLWKLQ KHDOWKFDUH VHWWLQJV WKURXJK

YDULRXV URXWHV RI FRQWDFW ZLWK FRORQLVHG RU LQIHFWHG LQGLYLGXDOV RU ZLWK WKH KRVSLWDO

HQYLURQPHQW 5HVHUYRLUV RI SRWHQWLDO + , SDWKRJHQV LQ WKH KHDOWKFDUH VHWWLQJ LQFOXGH WKH

SDWLHQWV DQG +&:V XVXDOO LQ WKH QDVDO FDYLW VNLQ RU JDVWURLQWHVWLQDO WUDFW DQG FRQWDPLQDWHG

REMHFWV IRPLWHV VXFK DV D VLQN EHG YHQWLODWRU PDFKLQHV LQWUDYHQRXV GHYLFHV HWF ,Q

SDUWLFXODU EDFWHULD ZKLFK DUH UHVSRQVLEOH IRU D ODUJH SDUW RI + ,V PD FRORQL]H LQGLYLGXDOV LQ

WKHLU JXW RU VNLQ ZLWKRXW DQ FOLQLFDO V PSWRPV DQG VXUYLYH RQ WKH VXUIDFHV RI REMHFWV VXFK DV

KRVSLWDO EHGV RU VXUJLFDO HTXLSPHQW JRLQJ XQGHWHFWHG IRU ORQJ SHULRGV RI WLPH +XPDQV DUH

QDWXUDO KRVWV WR PDQ EDFWHULD WKDW PD OHDG WR LQIHFWLRQ KRZHYHU WKLV GHSHQGV RQ YDULRXV KRVW

IDFWRUV WKDW FDQ OHDG WR WKH GHYHORSPHQW DQG WKH VHYHULW RI WKH LQIHFWLRQ

7KH WKUHH PDLQ PRGHV RI SDWKRJHQ WUDQVPLVVLRQ LQ WKH KHDOWKFDUH HQYLURQPHQW DUH GLUHFW

LQGLUHFW DQG DLUERUQH WUDQVPLVVLRQ 0D KDOO DQG FROOHDJXHV GHVFULEHG WKHP DV IROORZV

GLUHFW WUDQVPLVVLRQ IROORZV GLUHFW VNLQ FRQWDFW WKDW FDQ TXLFNO EHFRPH LQIHFWLRXV LI D ZRXQG

EHFRPHV FRQWDPLQDWHG PRVW RIWHQ LQ DFXWH FDUH KRVSLWDOV GLUHFW WUDQVPLVVLRQ RFFXUV GXULQJ

SDWLHQW FRQWDFWV ZLWK WKH FRQWDPLQDWHG KDQGV DQG FORWKLQJ RI +&:V LUERUQH WUDQVPLVVLRQ LV

D W SH RI LQGLUHFW WUDQVPLVVLRQ URXWH ZKHQ LQIHFWHG GURSOHW QXFOHL DUH UHOHDVHG LQWR WKH DLU DQG

EUHDWKHG LQ E RWKHU LQGLYLGXDOV )LQDOO LQGLUHFW WUDQVPLVVLRQ RFFXUV ZKHQ a patient’s ERG LV

LQ FRQWDFW ZLWK FRQWDPLQDWHG REMHFWV VXFK DV FRQWDPLQDWHG VXUIDFHV IRRG ELRORJLFDO IOXLGV RU

PHGLFDO GHYLFHV

&RQVLGHULQJ WKH KHDOWKFDUH V VWHP DV D ZKROH SDWKRJHQ VSUHDG PD RFFXU DW VHYHUDO OHYHOV

ZLWKLQ KRVSLWDO ZDUGV DW WKH VFDOH RI DQ HQWLUH KRVSLWDO RU HYHQ EHWZHHQ GLIIHUHQW KHDOWKFDUH

LQVWLWXWLRQV )LJXUH LOOXVWUDWHV WKUHH SRVVLEOH SDWKZD V WKDW FDQ OHDG WR SDWKRJHQ VSUHDG



)L XUH ([DPSOHV RI KR SDWKR H V PD VSUHDG L WKH KHDOWKFDUH V VWHP

,Q )LJXUH D LV DQ H[DPSOH RI LQGLYLGXDO WR LQGLYLGXDO FRQWDFW VWUXFWXUH ZLWK LQWHUDFWLRQV ZLWK

WKH HQYLURQPHQW E UHSUHVHQWV DQ LQGLYLGXDO WR LQGLYLGXDO FRQWDFW VWUXFWXUH ZKHUH WKH FRQWDFW

GHSHQG RQ WKH ZDUG L H FRQWDFW UDWHV FDQ EH KRPRJHQLVHG ZLWKLQ HDFK ZDUG DPRQJ LQGLYLGXDOV

LQ PRGHOV DQG F VKRZV D KHDOWKFDUH IDFLOLW OHYHO VWUXFWXUH ZKHUH ZH DUH QR ORQJHU FRQFHUQHG

ZLWK LQGLYLGXDO RU ZDUG OHYHO FRQWDFWV EXW UDWKHU SDWLHQW WUDQVIHUV WKDW FDQ OLQN WKH YDULRXV

FRQQHFWHG IDFLOLWLHV OO WKUHH VWUXFWXUHV KRZHYHU IRUP QHWZRUNV LQ ZKLFK WKH FRPSRQHQWV

UHSUHVHQW LQGLYLGXDOV ZDUGV RU KHDOWKFDUH IDFLOLWLHV DQG WKHLU OLQNV DUH GHILQHG E FRQWDFW

DGPLVVLRQ GLVFKDUJH RU WUDQVIHU UDWHV

)RU LQWUD hospital movement, the term “contact” can have many different definitions and some 

RI WKH VSHFLILFLWLHV FDQ LQFOXGH GLUHFW SK VLFDO WRXFK RU LQGLUHFW WRXFK VKDULQJ RI D KRVSLWDO URRP

RU QXUVH WKH SK VLFDO GLVWDQFH EHWZHHQ LQGLYLGXDOV DQG GXUDWLRQ RI VDLG FRQWDFW 6RPH VWXGLHV

KDYH JRQH EH RQG HVWLPDWLQJ DQ DYHUDJH FRQWDFW UDWH DPRQJ LQGLYLGXDOV WR WKH XVH RI ZHDUDEOH

devices to measure interactions between individuals that can allow for identification of “super

spreaders” which are indiYLGXDOV ZKR KDYH D KLJKHU QXPEHU RI FRQWDFWV WKDQ DYHUDJH DQG

FRQQHFW PDQ LQGLYLGXDOV QRWKHU H[DPSOH LV D ODUJH VFDOH VWXG FRQGXFWHG WR EHWWHU

XQGHUVWDQG WKH VRFLDO FRQWDFWV DQG PL[LQJ SDWWHUQV RI LQGLYLGXDOV RQ WKH SRWHQWLDO VSUHDG RI

UHVSLUDWRU LQIHFWLRQV ZLWKLQ GLIIHUHQW JURXSV DQG VRFLDO VHWWLQJV XVLQJ GLDULHV WR DVVHVV WKH GLUHFW

FRQWDFW UDWHV UHFHQW VWXG GHVFULEHG LQ GHWDLO WKH FRQWDFW SDWWHUQV RI SDWLHQWV DQG +&:V

LQ WHUPV RI IUHTXHQF DQG GXUDWLRQ DQG WKHLU SRWHQWLDO LPSOLFDWLRQV RQ LQIHFWLRQ ULVN LQ D ORQJ

WHUP FDUH VHWWLQJ *HQHUDOO WKH GHILQLWLRQ RI D FRQWDFW YDULHV GXH WR WKH FRPSOH[LW

HQFRPSDVVLQJ WKH YDULHW RI ZD V EDFWHULD FDQ VSUHDG ZLWKLQ WKH KRVSLWDO HQYLURQPHQW

KRZHYHU H[SHUWV LQ WKH ILHOG KDYH DWWHPSWHG WR FROOHFW ULFK GDWD WR EHWWHU XQGHUVWDQG WKH

KHWHURJHQHLWLHV



)LQDOO WKH PRELOLW RI SDWLHQWV DQG +&:V SOD V DQ LPSRUWDQW UROH LQ WKH G QDPLFV RI VSUHDG

RI SDWKRJHQV 7KHVH PRYHPHQWV FDQ EH GLYLGHG LQWR WZR PDLQ FKDQQHOV LQWUD DQG LQWHU KRVSLWDO

PRYHPHQW +&:V PRYH DURXQG WUHDWLQJ GLIIHUHQW SDWLHQWV LQ GLIIHUHQW URRPV DQG DOVR LQ

GLIIHUHQW KRVSLWDO ZDUGV ,Q DGGLWLRQ SDWLHQWV FDQ PRYH EHWZHHQ URRPV KRVSLWDOV DQG EHWZHHQ

WKH KHDOWKFDUH IDFLOLW DQG WKH FRPPXQLW 'HVSLWH JHRJUDSKLF GLVWDQFH KRVSLWDOV ZLWK VKDUHG

SDWLHQWV PRYLQJ EHWZHHQ WKHP FDQ SOD DQ LPSRUWDQW UROH LQ WKH VKDULQJ RI EDFWHULDO VWUDLQV DQG

WKXV FRXOG OHDG WR + , SDWKRJHQ VSUHDG )RU H[DPSOH D VWXG VKRZHG WKDW SDWLHQW VKDULQJ

ZDV VLJQLILFDQWO DVVRFLDWHG ZLWK WKH JHQHWLF VLPLODULW EHWZHHQ 056 LVRODWHV

7KHUHIRUH ERWK FRQWDFW DQG WUDQVIHU QHWZRUN VWUXFWXUH FDQ KHOS EHWWHU XQGHUVWDQG SDWKRJHQ

VSUHDG G QDPLFV LQ KHDOWKFDUH VHWWLQJV

5ROH RI SDWLHQW WUDQVIHUV LQ SDWKRJHQ VSUHDG
8QGHUVWDQGLQJ SDWKRJHQ VSUHDG DW WKH KHDOWK IDFLOLW OHYHO EDVHG RQ WKH SDWLHQW WUDQVIHU QHWZRUN

VWUXFWXUH – hereinafter referred to as a “healthcare” network – UHOLHV RQ WUDQVPLVVLRQ G QDPLFV

RFFXUULQJ LQ WKH RWKHU WZR QHWZRUN VWUXFWXUHV )LJXUH D DQG )LJXUH E DQG YLFH YHUVD V D

UHVXOW WKH KHDOWKFDUH QHWZRUN VWUXFWXUH FDQ FRQQHFW JHRJUDSKLFDOO GLVWDQW KHDOWKFDUH SDWLHQW

SRSXODWLRQV DQG FDQ SRWHQWLDOO OHDG WR WKH VKDULQJ RI FRPPRQ + , SDWKRJHQV XWKRUV

(YHLOODUG DQG FROOHDJXHV SXEOLVKHG RQH RI WKH ILUVW SDSHUV LQ VKRZLQJ HYLGHQFH IRU DQ

DVVRFLDWLRQ EHWZHHQ WUDQVIHUUHG SDWLHQWV IURP KRVSLWDOV DQG + , SUHYDOHQFH 7KH DXWKRUV IRXQG

WKDW WUDQVIHUUHG SDWLHQWV ZHUH ILYH WLPHV PRUH OLNHO WR EH LQIHFWHG FRPSDUHG WR WKRVH QRW

WUDQVIHUUHG 7KLV LV GXH WR WKH IDFW WKDW SDWLHQWV FDQ KDYH D FHUWDLQ SUREDELOLW RI DFTXLULQJ D

EDFWHULDO VWUDLQ LQ RQH KRVSLWDO IDFLOLW WKDW WKH FDQ SRWHQWLDOO FDUU FRPPRQO UHIHUUHG WR DV

“carriage”) to another facility OHDGLQJ WR FRQWDPLQDWLRQ RI WKH HQYLURQPHQW RI RWKHU LQGLYLGXDOV

DW D JLYHQ SUREDELOLW

V PHGLFDO UHFRUGV EHFDPH PRUH FRPPRQO VWRUHG LQ HOHFWURQLF IRUP SDWLHQW WUDQVIHUV EHFDPH

HDVLHU WR GRFXPHQW DQG IROORZ ,Q FRQVHTXHQFH UHVHDUFKHUV KDYH EHHQ DEOH WR H[SORLW WKHVH GDWD

VRXUFHV E XVLQJ DOJRULWKPV WR PRUH HDVLO DQG TXLFNO UHWUDFH SDWLHQW WUDQVIHUV DQG FRQVWUXFW

WUDQVIHU QHWZRUNV +RZ SDWLHQW WUDQVIHU SDWWHUQV DQG KHDOWKFDUH QHWZRUN VWUXFWXUH KDYH EHHQ

XVHG WR H[SODLQ WKH WUDQVPLVVLRQ RI SDWKRJHQV LQ KHDOWKFDUH V VWHPV LV GLVFXVVHG LQ PRUH GHWDLO

LQ WKH QH[W FKDSWHUV &KDSWHU DQG

7KH UROH RI WKH VXUYHLOODQFH V VWHP DQG LQIHFWLRQ FRQWURO
2QFH WKH LPSDFW RI WKH KHDOWKFDUH QHWZRUN VWUXFWXUH RQ LQIHFWLRQ VSUHDG LV EHWWHU XQGHUVWRRG

QRYHO UHFRPPHQGDWLRQV FRQFHUQLQJ LQIHFWLRQ SUHYHQWLRQ DQG FRQWURO SUDFWLFHV DW DOO WKUHH OHYHOV



)LJXUH FDQ EH GHYHORSHG ,Q RUGHU IRU WKHVH OHYHOV WR ZRUN KDUPRQLRXVO WRJHWKHU

FRRSHUDWLRQ DQG FRPPXQLFDWLRQ DUH YLWDO VLQFH WKH OHYHOV DUH ERWK LQWHU DQG LQWUD FRQQHFWHG ,Q

WKLV UHVSHFW PDQDJHUV RI WKH VXUYHLOODQFH V VWHP SOD D FULWLFDO UROH LQ PRQLWRULQJ DQG

LPSOHPHQWLQJ LQIHFWLRQ SUHYHQWLRQ DQG FRQWURO PHDVXUHV DW WKH YDULRXV OHYHOV ,Q SDUWLFXODU

FRPPXQLFDWLRQ DPRQJ GLIIHUHQW KHDOWKFDUH IDFLOLWLHV LV UHTXLUHG WKRXJK QRW WKH PRVW IHDVLEOH

RI WDVNV LQ RUGHU WR WDFNOH DQ SDWKRJHQ WUDQVPLVVLRQ ULVN FRQFHUQLQJ SDWLHQW WUDQVIHUV )RU

LQVWDQFH D ZRUNLQJ JURXS UHFHQWO XSGDWHG WKH )UHQFK JXLGHOLQHV RQ LQIHFWLRQ FRQWURO UHJDUGLQJ

H[WHQVLYHO GUXJ UHVLVWDQW EDFWHULD H;'5 LQFOXGLQJ &3( 7KH SURSRVHG WR WDUJHW IRU

VFUHHQLQJ SDWLHQWV ZKR ZHUH GLUHFW KRVSLWDO WUDQVIHUV IURP D IRUHLJQ KRVSLWDO SDWLHQWV ZLWK D

KLVWRU RI KRVSLWDOLVDWLRQ LQ D IRUHLJQ FRXQWU SDWLHQWV ZLWK D KLVWRU RI H;'5 FDUULDJH DQG

SDWLHQWV ZKR KDG FRQWDFW ZLWK H;'5 SDWLHQWV 7KH GHILQLWLRQ RI FRQWDFWV WKH GLIILFXOW RI

VFUHHQLQJ DQG PLFURELRORJLFDO GLDJQRVWLFV WR LGHQWLI DOO &3( W SHV SUHYHQWLRQ PHDVXUHV DQG

GHWHFWLRQ RI ULVN RI H;'5 WUDQVPLVVLRQ ZHUH DOVR HODERUDWHG E WKH ZRUNLQJ JURXS OWKRXJK

WKH )UHQFK UHFRPPHQGDWLRQV DUH FRPSUHKHQVLYH WKHUH LV OLWWOH FRRSHUDWLRQ EHWZHHQ FRXQWULHV

WR PDQDJH H;'5 2QH PDMRU FKDOOHQJH IDFHG E )UDQFH DQG RWKHU QDWLRQV FRQFHUQV WKH

IHDVLELOLW RI LPSOHPHQWLQJ SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO UHFRPPHQGDWLRQV ,VRODWLRQ

PHDVXUHV PD YDU LQ SUDFWLFH EHWZHHQ GLIIHUHQW KHDOWKFDUH IDFLOLWLHV 8QDYDLODELOLW RI VLQJOH

URRPV LQVXIILFLHQW VWDII WR SDWLHQW UDWLRV DQG ILQDQFLDO DQG PDQDJHULDO FRQVWUDLQWV PD SRVH D

FKDOOHQJH IRU PDQ IDFLOLWLHV OHDGLQJ WR SRRU LQIHFWLRQ FRQWURO

,Q FRQMXQFWLRQ ZLWK XQGHUVWDQGLQJ WKH LPSDFW RI WKH KHDOWKFDUH QHWZRUN RQ SDWKRJHQ VSUHDG

G QDPLFV WKH WKHVLV DLPV WR SURSRVH FKDQJHV WR KRZ WKH VXUYHLOODQFH V VWHP IXQFWLRQV ZKHQ

UHVSRQGLQJ WR LQIHFWLRQ ULVN LQ RUGHU WR WDNH LQWR DFFRXQW QRYHO LQIRUPDWLRQ WKDW PD QRW KDYH

been previously considered in the system’s protocol.   



&KDSWHU 0DWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG

Q HPHUJLQJ GLVFLSOLQH
,Q UHFHQW HDUV PDWKHPDWLFDO PRGHOOLQJ KDV EHFRPH DQ LPSRUWDQW WRRO WR DQDO VH WKH VWUXFWXUH

RI LQWUD DQG LQWHU KHDOWKFDUH IDFLOLW PRYHPHQW RI SDWLHQWV DQG +&:V OHDGLQJ WR QHZ LGHDV RQ

KRZ WKLV VWUXFWXUH FDQ LPSDFW WKH WUDQVPLVVLRQ RI LQIHFWLRQV 0DWKHPDWLFDO PRGHOOLQJ KDV

SOD HG DQ LPSRUWDQW UROH LQ LPSURYLQJ WKH XQGHUVWDQGLQJ RI WKH SURSDJDWLRQ RI SDWKRJHQV LQ

KHDOWKFDUH VHWWLQJV RYHU WLPH DQG KRZ FRQWURO HIIRUWV FRXOG EH RSWLPL]HG

Modelling the complexity of interactions between an infectious agent and its’ host, the 

LQWHUDFWLRQV EHWZHHQ SDWLHQWV DQG +&:V DQG WKH G QDPLF VWUXFWXUH RI WKH KHDOWKFDUH V VWHP

KDV EHHQ HVVHQWLDO LQ EHWWHU XQGHUVWDQGLQJ WKH HSLGHPLRORJ RI FRPPRQ + , SDWKRJHQV

FRPSDUWPHQWDO PRGHO RI DQ 6,5 6XVFHSWLEOH ,QIHFWHG 5HFRYHUHG IUDPHZRUN LV VKRZQ LQ

)LJXUH WR H[SODLQ WKH VWUXFWXUH RI D EDVLF PRGHO 7KH WRWDO SRSXODWLRQ LV FRPSRVHG RI

QXPEHU RI VXVFHSWLEOHV , QXPEHU RI LQIHFWHG DQG QXPEHU RI UHFRYHUHG LQGLYLGXDOV 7KH

SDUDPHWHUV WKDW GHWHUPLQH WKH IORZV EHWZHHQ WKH FRPSDUWPHQWV LQFOXGH WKH WUDQVPLVVLRQ UDWH β

WKH ELUWK UDWH E, the death rate μ, the disease induced death rate α, and the recovery rate σ. The 

GLIIHUHQWLDO HTXDWLRQV GHVFULELQJ WKHVH WUDQVLWLRQV FDQ DOVR EH GHVFULEHG )LJXUH

)L XUH 6,5 PRGHO IUDPH RUN

,Q XVWLQ DQG QGHUVRQ VXPPDUL]HG VRPH RI WKH HDUOLHVW ZRUN RI PDWKHPDWLFDO PRGHOOLQJ

RI WKH VSUHDG RI SDWKRJHQV LQ KHDOWKFDUH VHWWLQJV 7KH ULVNV DQG FRVWV RI DQWLELRWLF

UHVLVWDQFH VSUHDG PRWLYDWHG UHVHDUFKHUV WR GHYHORS VLPSOH PRGHOV WR EHWWHU XQGHUVWDQG WKH



PHFKDQLVPV GULYLQJ UHVLVWDQFH L H DQWLPLFURELDO FRQVXPSWLRQ DQG GLVVHPLQDWLRQ XVWLQ DQG

QGHUVRQ GHWDLOHG VRPH RI WKH ILUVW GHVFULSWLRQV RI PRGHOV DGGUHVVLQJ WKH HYROXWLRQ RI

UHVLVWDQFH ZLWKLQ WKH KRVW DQG DQWLPLFURELDO WKHUDS WKH LQWUD KRVSLWDO LQGLUHFW WUDQVPLVVLRQ DQG

FRORQLVDWLRQ LQWHU KRVSLWDO RXWEUHDNV DQG WKH HYROXWLRQ RI UHVLVWDQFH LQ WKH FRPPXQLW

6RRQ DIWHU RWKHU H[SHUWV SURSRVHG WKDW PDWKHPDWLFDO PRGHOOLQJ PD EH XVHIXO LQ ERWK WKH

TXDQWLILFDWLRQ RI WKH WUDQVPLVVLRQ SURFHVV DQG WKH LPSDFW RI LQIHFWLRQ FRQWURO SUDFWLFHV LQ WKH

KRVSLWDO ,Q RUGHU WR DGGUHVV WKH SRWHQWLDO UHOXFWDQFH RI KHDOWKFDUH SURIHVVLRQDOV LQ

DSSO LQJ WKH UHFRPPHQGDWLRQV UHVXOWLQJ IURP WKHVH PRGHOV PRGHOOHUV DLPHG WR HOXFLGDWH

WKHRUHWLFDO IUDPHZRUN WR KHDOWK SUDFWLWLRQHUV LQ RUGHU WR GHIHQG WKH XVHIXOQHVV RI PRGHOOLQJ LQ

KHOSLQJ LPSURYH FRQWURO LQWHUYHQWLRQV

0DWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQV LQ KHDOWKFDUH VHWWLQJV KDV PDGH KHDGZD RYHU WKH HDUV

% FORVH WR SDSHUV ZHUH SXEOLVKHG RQ G QDPLF PDWKHPDWLFDO PRGHOV LQ WKH KHDOWKFDUH

VHWWLQJ 7KH PDMRULW RI PRGHOV RI FRPPRQ + , SDWKRJHQV ZHUH VHW LQ KLJK LQFRPH

FRXQWULHV ZLWK WKH PDMRULW HYDOXDWLQJ LQIHFWLRQ FRQWURO HIIHFWLYHQHVV DQG XVXDOO RI

DQWLPLFURELDO UHVLVWDQFH RUJDQLVPV VXFK DV 056 DQG 95( 7KH PHWKRGV DOVR HYROYHG RYHU

WLPH IURP FRPSDUWPHQWDO PRGHOV ZKHUH WKH PRGHO FRQWDLQV FRPSDUWPHQWV WKDW VHSDUDWH WKH

SRSXODWLRQ LQ WR GLIIHUHQW JURXSV JURXSV WKDW LQGLYLGXDOV FDQ WUDQVLWLRQ IURP WR DJHQW EDVHG

PRGHOV LQ ZKLFK HDFK LQGLYLGXDOV LV FKDUDFWHUL]HG LQGHSHQGHQWO DQG IURP GHWHUPLQLVWLF

PRGHOV ZKHUH WKH RXWSXW LV GHWHUPLQHG E WKH LQLWLDO FRQGLWLRQV DQG SDUDPHWHU YDOXHV WR

VWRFKDVWLF PRGHOV LQ ZKLFK UDQGRPQHVV LQ LQIHFWLRQ SURFHVVHV LV WDNHQ LQWR DFFRXQW DOORZLQJ

WR SURYLGH SUHGLFWLRQ LQWHUYDOV SSO LQJ PRUH DGYDQFHG PHWKRGV VXFK DV ILWWLQJ PRGHOV WR

GDWD DQG DSSO LQJ VHQVLWLYLW DQDO VHV DOVR JDLQHG JURXQG RYHU WLPH OWKRXJK OLPLWHG WR

D IHZ VHWWLQJV DQG SDWKRJHQV PDWKHPDWLFDO PRGHOOLQJ RI FRPPRQ + ,V KHOSHG LQFUHDVH WKH

XQGHUVWDQGLQJ RI WKH FRPSOH[LW RI WKH KHDOWKFDUH V VWHP DQG WUDQVPLVVLRQ G QDPLFV

GLJLWDO UHYROXWLRQ LQ HSLGHPLRORJ
7KH XVH RI GLJLWDO GDWD LQ WKH ILHOG RI HSLGHPLRORJ KDV JURZQ RYHU WKH HDUV DV ERWK WKH SXEOLF

KHDOWK V VWHP KDV GLJLWDOL]HG PDQ RI WKH ZD V LW RSHUDWHV DQG DV RWKHU QRQ SXEOLF KHDOWK

VRXUFHV RI GLJLWDO GDWD KDYH EHFRPH DYDLODEOH (DUO PRGHOV ZHUH SDUDPHWHUL]HG

XVLQJ OLWHUDWXUH UHYLHZV RU REVHUYHG SUHYDOHQFH RI FDUULDJH /DWHU PRGHO SDUDPHWHUV

ZHUH HVWLPDWHG XVLQJ PRUH GHWDLOHG GDWD VXFK DV GDLO RU ZHHNO FDUULDJH SUHYDOHQFH

0RUH UHFHQWO GDWD RQ WKH FRQQHFWLRQV WKDW H[LVW EHWZHHQ LQGLYLGXDOV DQG LQVWLWXWLRQV KDYH EHHQ

XVHG IRU WKH UHFRQVWUXFWLRQ RI WKH XQGHUO LQJ H[LVWLQJ VRFLDO QHWZRUN VWUXFWXUHV 'DWD RQ

LQWHU LQGLYLGXDO FRQQHFWLRQV DQG VRFLDO QHWZRUN DQDO VLV KDYH EHHQ PRUH FRPPRQO XVHG WR



EHWWHU XQGHUVWDQG LQIHFWLRXV GLVHDVH WUDQVPLVVLRQ QRWDEO IRU VH[XDOO WUDQVPLWWHG LQIHFWLRQV

FRSOD PD SQ PRQLD DQG 6 56 5HJDUGLQJ SDWKRJHQ VSUHDG LQ

KHDOWKFDUH VHWWLQJV WZR W SHV RI QHWZRUN VWUXFWXUH GDWD DUH EHFRPLQJ PRUH DYDLODEOH FRQWDFW

QHWZRUN GDWD EHWZHHQ SDWLHQWV DQG +&:V DQG SDWLHQW UHIHUUDO RU WUDQVIHU GDWD WR FRQVWUXFW

KHDOWKFDUH QHWZRUNV 6RPH DUJXH WKDW WKH JURZLQJ ERG RI ZRUN FRQFHUQLQJ KHDOWKFDUH

networks has demonstrated a “next JHQHUDWLRn” network DSSURDFK WR KRVSLWDO LQIHFWLRQ

SUHYHQWLRQ DQG FRQWURO &RQFHUQLQJ FRQWDFW QHWZRUNV PRGHOV FDQ LQWHJUDWH GLJLWDO WUDFH

GDWD WKDW FDQ PHDVXUH IDFH WR IDFH SUR[LPLW RU PRYHPHQW RI LQGLYLGXDOV LQ D

KRVSLWDO V VWHP DV WKHVH GDWD VRXUFHV EHFRPH PRUH ZLGHO DYDLODEOH



&KDSWHU +HDOWKFDUH QHWZRUNV

EULHI LQWURGXFWLRQ
,Q &LFFROLQL DQG FROOHDJXHV FRLQHG WKH Werm “healthcare networks” in response to a 

JURZLQJ QXPEHU RI WKHRUHWLFDO ZRUNV OLQNLQJ + ,V VSUHDG DQG SDWLHQW PRYHPHQW LQ WKH

KHDOWKFDUH V VWHP 7KH GHILQHG KHDOWKFDUH QHWZRUNV DV

“Regional and national inte LQ WLW WLRQDO SDWL QW I DO FRQQ FW LQ KR SLWDO

/ ) ORQ W P FD F QW DQ Q DO S DFWLWLRQ KL FRRS DWLY W P

[…] can be described using different mathematical approaches. The simplest approach 

LQYROY FR QWLQ )R DOO SDL RI KR SLWDO LQ D FRRS DWLY W P WK Q PE RI

SDWL QW KR DIW E LQ L FKD I RP RQ KR SLWDO E T QWO D PLWW WR

the other is counted over a defined time interval.”

,Q RWKHU ZRUGV KHDOWKFDUH QHWZRUNV DUH FRRSHUDWLYH KHDOWKFDUH V VWHPV ZKHUH KRVSLWDOV DQG

RWKHU KHDOWKFDUH FHQWUHV DUH OLQNHG E VKDUHG SDWLHQWV WKURXJK VHFRQGDU LQWHU IDFLOLW WUDQVIHUV

RU UHIHUUDO 7KHUHIRUH WKH VWUXFWXUH RI WKH QHWZRUN LV FRPSRVHG RI KHDOWKFDUH IDFLOLWLHV

(“vertices”) connected by the flow of shared patient between them (“edges”). Patient movement 

SDWWHUQV DUH WKH EDVLV RI WKH VWUXFWXUH RI WKH KHDOWKFDUH QHWZRUN ,W VKRXOG EH QRWHG WKDW WKHVH

QHWZRUNV GR QRW LQFOXGH SDWLHQW UHIHUUDOV IURP JHQHUDO SUDFWLWLRQHUV RIILFHV

3DWLHQW PRYHPHQW UHOLHV on the definition of patient transfer. The term “transfer” like that of 

“contact” can vary among researchers and should be clearly defined. Patient transfers can be 

GLUHFW RU LQGLUHFW WUDQVIHUV 'LUHFW WUDQVIHUV FDQ EH HLWKHU SDWLHQWV GLVFKDUJHG IURP D VHQGLQJ

KHDOWKFDUH IDFLOLW DQG DGPLWWHG WR D UHFHLYLQJ IDFLOLW LQ DQRWKHU MXULVGLFWLRQ PRYHG GLUHFWO

WKURXJK WKH IDFLOLW WUDQVSRUWDWLRQ VHUYLFH DPEXODQFH RU KHOLFRSWHU IRU H[DPSOH RU SDWLHQWV

GLVFKDUJHG IURP RQH PHGLFDO XQLW DQG PRYHG WR DQRWKHU LQ WKH VDPH KHDOWKFDUH IDFLOLW

MXULVGLFWLRQ ,QGLUHFW WUDQVIHUV DUH FDVHV LQ ZKLFK SDWLHQWV DUH GLVFKDUJHG IURP D KHDOWKFDUH

IDFLOLW PD UHWXUQ KRPH RU WDNH D SULYDWH WUDQVSRUWDWLRQ VHUYLFH DQG DUH DGPLWWHG WR DQRWKHU

IDFLOLW ODWHU RQ ,QGLUHFW WUDQVIHUV UHO KHDYLO RQ WKH GHILQLWLRQ RI WKH WLPH LQWHUYDO EHWZHHQ

GLVFKDUJH DQG DGPLVVLRQ 'HSHQGLQJ RQ WKH GXUDWLRQ RI WKH FDUULDJH RI SDUWLFXODU SDWKRJHQV WKH

LQFOXVLRQ RI LQGLUHFW SDWLHQW WUDQVIHUV PD EH XVHIXO LQ LPSURYLQJ WKH VHQVLWLYLW RI WKH QHWZRUN

LQ LQFOXGLQJ SRWHQWLDO FDUULHUV KRZHYHU WKH VSHFLILFLW RI VHOHFWLQJ FDUULHUV RI SRWHQWLDO + ,

SDWKRJHQV PD GHFUHDVH GXH WR WKH LQFOXVLRQ RI SRWHQWLDO FRPPXQLW DFTXLUHG & LQIHFWLRQV

3DWLHQWV DUH WUDQVIHUUHG LQ WKH KHDOWKFDUH V VWHP VR WKDW WKH FDQ UHFHLYH RQJRLQJ PHGLFDO FDUH

3DWLHQWV PD QHHG VSHFLDOLVHG FDUH WKDW LV XQDYDLODEOH LQ WKH ILUVW KHDOWKFDUH IDFLOLW DQG FDQ



LQFOXGH HLWKHU VSHFLDOLVHG KHDOWKFDUH SURIHVVLRQDOV VHUYLFHV RU HTXLSPHQW 7UDQVIHUV

PD UHIOHFW RUJDQLVDWLRQDO FRQYHQWLRQV DQG PD QRW QHFHVVDULO EH PRWLYDWHG E RSWLPXP

SDWLHQW RXWFRPHV VWXG LQ )UDQFH HYDOXDWHG WKH WUDMHFWRULHV RI OXQJ FDQFHU SDWLHQWV

WKURXJKRXW WKH KHDOWKFDUH V VWHP DQG LGHQWLILHG ILYH SDWKZD V SDWLHQWV ZKR XWLOLVH ORFDO FDUH

LQ SULYDWH FOLQLFV SDWLHQWV ZKR DUH WUHDWHG LQ WKHLU ORFDO UHJLRQ RU WUDYHOOHG EH RQG WKHLU UHJLRQ

ZLWK D SUHIHUHQFH IRU VXUJHULHV DW WHDFKLQJ KRVSLWDOV DQG SDWLHQWV WUHDWHG RXWVLGH RI WKHLU UHJLRQ

DFFRXQWLQJ IRU RI UHJLRQDO PRYHPHQW

7KH QXPEHU RI SDWLHQWV VKDUHG EHWZHHQ WZR KHDOWKFDUH IDFLOLWLHV GHSHQGV RQ WKH GHILQHG WLPH

LQWHUYDO 6LQFH WUDQVIHU FRXQWV DUH FXPXODWLYH WKH FDQ EH FRXQWHG GDLO ZHHNO PRQWKO

DQQXDOO RU LQFOXGH PXOWLSOH HDUV GHSHQGLQJ RQ REMHFWLYHV RI WKH UHFRQVWUXFWLRQ RI WKH QHWZRUN

DQG WKH UHILQHPHQW RI WKH GDWD DYDLODEOH OWKRXJK LW LV QRW LQ WKH VFRSH RI WKH WKHVLV WHPSRUDO

QHWZRUNV FDQ EH IRUPHG GHSHQGLQJ RQ WKH WLPH LQWHUYDOV XVHG WR FXW RU FRQVWUXFW WKH QHWZRUNV

They result in a dynamic network in which links may turn “on” and “off” depending on the time 

LQWHUYDO 7HPSRUDO QHWZRUNV PD EH DGYDQWDJHRXV LQ WHUP RI QHWZRUN FRQWUROODELOLW DQG FDQ

SURYLGH LQVLJKWV RQ LQIHFWLRQ VSUHDG G QDPLFV DV ZHOO

*UDSK WKHRU
,Q RUGHU WR EHWWHU XQGHUVWDQG KHDOWKFDUH QHWZRUNV LW LV HVVHQWLDO WR FRYHU WKH EDVLF WRSRORJ WKH

OD RXW RI WKH FRQQHFWLRQV WR EHWWHU XQGHUVWDQG WKHLU VWUXFWXUH ,Q PDWKHPDWLFV QHWZRUNV DUH

FRPPRQO UHIHUUHG WR DV JUDSK UHSUHVHQWHG DV DQ DGMDFHQF PDWUL[ – D VTXDUH V PPHWULF

PDWUL[ QHWZRUN LV D JUDSK RI 9 YHUWLFHV RU QRGHV DQG ( HGJHV WKDW FDQ EH GHVFULEHG

by its’ � × � DGMDFHQF PDWUL[ GHILQHG DV

� = { =  if  and  are connected   =  otherwise                           
,Q D KHDOWKFDUH QHWZRUN YHUWLFHV 9 DUH GHILQHG DV KHDOWKFDUH IDFLOLWLHV DQG HGJHV ( DV WKH

SDWLHQW WUDMHFWRULHV WKDW FRQQHFW WKHP )RU HDFK SDWLHQW WUDMHFWRU WKHUH LV DQ RULJLQ L DQG WDUJHW

M IDFLOLW 7KH QXPEHU RI SDWLHQWV PRYLQJ EHWZHHQ IDFLOLW L DQG M LV GHILQHG DV ZLM OVR UHIHUUHG

WR DV HGJH ZHLJKWV LQ RWKHU ZRUGV WKLV PHDVXUH UHSUHVHQWV WKH QXPEHU RI SDWLHQWV WUDQVIHUUHG

ZLWKLQ WKH WUDMHFWRULHV EHWZHHQ WZR KHDOWKFDUH IDFLOLWLHV RYHU D GHILQHG SHULRG 7KH VXP RI WKH

HGJH ZHLJKWV RI WKH DGMDFHQW HGJHV DOVR FDOOHG WKH VWUHQJWK LV JLYHQ E

=  ∑∈�



in which Γ(L LV WKH VHW RI QHLJKERXU IDFLOLWLHV RI L

,W LV RIWHQ LPSRUWDQW WR LGHQWLI WKH VKRUWHVW SDWK DPRQJ DOO WKDW DUH SRVVLEOH EHWZHHQ WZR YHUWLFHV

in a network. The shortest path length ℓ is given b WKH IROORZLQJ GLVWDQFHℓ , = min�� ℎ → |�� ℎ|
The diameter of a network corresponds to the maximum value of ℓ(L M DQG WKH DYHUDJH VKRUWHVW

path length’s behaviour depends on the type of network structure.

,Q XQZHLJKWHG GLUHFWHG QHWZRUNV WKH QHWZRUN GLVWDQFH EHWZHHQ DQ WZR YHUWLFHV L DQG M LV

FRQVLGHUHG DV WKH VXP RI WKH QXPEHU RI MXPSV RU HGJHV EHWZHHQ WKH YHUWLFHV ZKHUH WKH XQLW

ZHLJKWV RI HDFK HGJH DUH HTXDO 7KH VKRUWHVW SDWK EHWZHHQ DQ WZR YHUWLFHV LQ D QHWZRUN LV WKH

PLQLPXP GLVWDQFH RU VXP RI HGJHV EHWZHHQ WKHP ,Q D ZHLJKWHG QHWZRUN WKH HGJHV FDQ KDYH

DQ XQHTXDOweight, where the weight is considered as a “length” of the distance between vertices 

L DQG M. As a result, dubbed as “the shortest path problem” in a weighted network, the shortest 

SDWK EHWZHHQ DQ WZR YHUWLFHV LV WKH SDWK ZLWK WKH ORZHVW VXP RI WKH HGJH ZHLJKWV RI DOO HGJHV

EHWZHHQ WKHP 2QH ZD WR ILQG WKH VKRUWHVW SDWK EHWZHHQ DQ WZR YHUWLFHV LV WR XVH D FODVVLF

DOJRULWKP SURSRVHG E 'LMNVWUD

7R LGHQWLI WKH PRVW LPSRUWDQW YHUWLFHV RU IDFLOLWLHV RI D QHWZRUN D VHULHV RI FHQWUDOLW PHDVXUHV

FDQ EH FDOFXODWHG 7KH GHJUHH RI D IDFLOLW LV WKH QXPEHU RI IDFLOLWLHV RQH IDFLOLW LV FRQQHFWHG

WR WKURXJK LWV SDWLHQW WUDMHFWRULHV GHILQHG DV

= ∑ �
7KH DYHUDJH GHJUHH RI D QHWZRUN LV JLYHQ E

= � ∑ = ��
,Q DGGLWLRQ LM LV RIWHQ D GLUHFWHG JUDSK LQ ZKLFK WKH GLUHFWLRQDOLW RI SDWLHQW WUDQVIHUV IURP RQH

IDFLOLW WR DQRWKHU LV WDNHQ LQWR DFFRXQW &RQVHTXHQWO WKH LQGHJUHH GHJ DQG RXWGHJUHH GHJ

RI DQ JLYHQ YHUWLFHV FDQ EH PHDVXUHG LQ ZKLFK WKH GHJUHH VXP IRUPXOD LV JLYHQ E

∑ �+ = ∑ �−∈�  ∈� =  |�|



7KH QHWZRUN FOXVWHULQJ FRHIILFLHQW PHDVXUHV WKH QXPEHU RI IRUPHG WULDQJOHV LQ WKH QHWZRUN ,W

VHUYHV WR JLYH DQ LGHD RI WKH GHQVLW RI OLQNV EHWZHHQ YHUWLFHV LQ WKH QHWZRUN DQG WKH SUREDELOLW

RI QHLJKERXUV RI QRGHV WR EH FRQQHFWHG

QRWKHU PHDVXUH EHWZHHQQHVV FHQWUDOLW PHDVXUHV WKH LPSRUWDQFH RI KRVSLWDO DFWLQJ DV DQ

LQWHUPHGLDU EHWZHHQ RWKHU IDFLOLWLHV GHILQHG DV

� =  ∑ ��≠
ZKHUH EHWZHHQQHVV FHQWUDOLW J L) is equal to the sum of the σ W WKH QXPEHU RI VKRUWHVW SDWKV

JRLQJ IURP WR W WKURXJK IDFLOLW L PHDVXULQJ WKH LPSRUWDQFH RI IDFLOLW L WR WKH RUJDQL]DWLRQ RI

IORZV LQ WKH QHWZRUN 7KH VDPH PHDVXUH FDQ EH FDOFXODWHG IRU HGJHV

� =  ∑ ���∈�
ZKHUH WKH HGJH EHWZHHQQHVV FHQtrality g(e) is equal to the sum of the σ W WKH QXPEHU RI VKRUWHVW

SDWKV JRLQJ IURP WR W WKURXJK HGJH PHDVXULQJ WKH LPSRUWDQFH RI HGJH WR WKH RUJDQL]DWLRQ

RI IORZ LQ WKH QHWZRUN

7KHVH EDVLF QHWZRUN WRSRORJ PHDVXUHV DUH D IHZ RI PDQ PHDVXUHV WKDW FDQ KHOS GHVFULEH WKH

VWUXFWXUH RI KHDOWKFDUH QHWZRUNV DQG WKH SDWLHQW WUDQVIHU SDWWHUQV IRUPLQJ WKHP DQG WKHLU

SRWHQWLDO LPSOLFDWLRQV RQ SDWKRJHQ VSUHDG

WKHRUHWLFDO EDVLV RI SDWKRJHQ VSUHDG LQ QHWZRUNV
1HWZRUN WRSRORJ KDV EHHQ VKRZQ WR KDYH DQ HIIHFW RQ WKH UDWH DQG SDWWHUQ RI GLVHDVH

VSUHDG 0DQ PRGHOV SUHGLFWLQJ VSUHDG RI LQIHFWLRQV DVVXPH WKDW LQIHFWHG LQGLYLGXDOV

KDYH WKH VDPH SUREDELOLW WR LQIHFW DOO VXVFHSWLEOH LQGLYLGXDOV RI D SRSXODWLRQ OWKRXJK

WKLV DVVXPSWLRQ DOORZHG HDUO PRGHOOHUV WR SURGXFH GLIIHUHQWLDO HTXDWLRQV WR IDFLOLWDWH WKH

GHVFULSWLRQ RI WKH LQIHFWLRQ WKLV GLG QRW UHIOHFW WKH WUXH FRQWDFW SDWWHUQV ,QGLYLGXDOV

KDYH KHWHURJHQHRXV FRQWDFWV LQ SRSXODWLRQV DQG LQWHUDFW ZLWK RQO D VPDOO VXEVHW RI WKH

SRSXODWLRQ 6LQFH FRQWDFW LV UHTXLUHG IRU WUDQVPLVVLRQ RI SDWKRJHQV FRQWDFW QHWZRUN VWUXFWXUHV

DUH HVVHQWLDO LQ WKH XQGHUVWDQGLQJ RI SDWKRJHQ VSUHDG G QDPLFV 0DQ RI WKH ILUVW PRGHOV

ZHUH GHYHORSHG LQ WKH V DQG V DQG DVVHVVHG WKH VSUHDG RI LQIHFWLRQV LQ QHWZRUNV

0DUN 1HZPDQ ZDV RQH RI WKH ILUVW UHVHDUFKHUV WR GHVFULEH DQG VROYH HSLGHPLRORJLFDO

PRGHOV RI LQIHFWLRQ VSUHDG RQ QHWZRUNV +LV ZRUN GHVFULEHG WKH YDULDWLRQ RI GLVHDVH

FDXVLQJ FRQWDFWV WKH GLVSURSRUWLRQDWH HIIHFW RI KLJKO FRQQHFWHG LQGLYLGXDOV RQ GLVVHPLQDWLRQ



HSLGHPLF DQG QRQ HSLGHPLF RXWEUHDN VL]H DQG WKH HIIHFW RI VWUXFWXUHG SRSXODWLRQV RQ VSUHDG LQ

QHWZRUNV

2QH RI WKH ILUVW SXEOLFDWLRQV DSSO LQJ QHWZRUN WKHRU WR VSUHDG RI SDWKRJHQV LQ WKH KHDOWKFDUH

VHWWLQJV ZDV SXEOLVKHG E 0H HUV HW DO LQ %DVLQJ WKHLU PRGHO RQ D UHDO HSLGHPLF RI

FRSOD PD SQ PRQLD LQ D SK VLDWULVW KHDOWKFDUH IDFLOLW WKH DXWKRUV UHFUHDWHG D WKHRUHWLFDO

UHSUHVHQWDWLRQ RI WKH +&: DQG SDWLHQW FRQWDFW QHWZRUN WR HVWLPDWH WKH HSLGHPLF WKUHVKROG 7KH

GHWHUPLQHG WKDW WKH H[WHQW DQG GXUDWLRQ RI WKH RXWEUHDN UHOLHG RQ WKH GHJUHH QXPEHU RI

FRQQHFWLRQV RI WKH +&:V 6RRQ DIWHU WKH 6 56 HSLGHPLF LQ KRVSLWDO WUDQVPLVVLRQ

DQG VXSHU VSUHDGLQJ HYHQWV ZHUH LGHQWLILHG WR KDYH VXEVWDQWLDOO FRQWULEXWHG WR WKH

HSLGHPLF 0H HUV HW DO H[SORUHG WKH SRWHQWLDO HSLGHPLRORJLFDO RXWFRPHV RI WKH 6 56

HSLGHPLF DQG SXEOLF KHDOWK LQWHUYHQWLRQV XVLQJ DQRWKHU WKHRUHWLFDO FRQWDFW QHWZRUN IUDPHZRUN

WR LQIRUP 6 56 VSUHDG G QDPLFV

%HIRUH WKH 6 56 HSLGHPLF DW WKH HQG RI WKH WK FHQWXU UHJLRQDO DQG LQWHU IDFLOLW + ,

RXWEUHDNV ZHUH EHLQJ UHSRUWHG WDSK D LQ 1HZ <RUN LQ 056 LQ &DQDGD LQ

95( LQ WKH 86 LQ DQG &3( LQ 1HZ <RUN LQ ,Q

(YHLOODUG HW DO IRXQG DQ DVVRFLDWLRQ EHWZHHQ + ,V LQ D EHG 3DULVLDQ KRVSLWDO DQG

SDWLHQW WUDQVIHUV IHZ HDUV ODWHU LQ 6PLWK HW DO SXEOLVKHG RQH RI WKH ILUVW WKHRUHWLFDO

PRGHOV RI + , SDWKRJHQ VSUHDG DQG LQIHFWLRQ FRQWURO WKDW WRRN LQWR DFFRXQW PXOWLSOH KHDOWKFDUH

LQVWLWXWLRQV OLQNHG E SDWLHQW PRYHPHQW ORQJ ZLWK DQRWKHU ZRUN GHVFULELQJ WKH LPSDFW

of infection control strategies on neighbouring healthcare facilities, Smith et al.’s theoretical 

ZRUN VXSSRUW UHJLRQDO FRRUGLQDWLRQ HIIRUWV WR UHGXFH + ,V HIIRUWV WKDW KDG EHHQ LPSOHPHQWHG

DQG HYDOXDWHG LQ VRPH SUHYLRXVO DIRUHPHQWLRQHG RXWEUHDN VLWXDWLRQV

%RWK WKHRUHWLFDO QHWZRUN W SHV +&: DQG SDWLHQW FRQWDFW QHWZRUNV DQG KHDOWKFDUH QHWZRUNV

EDVHG RQ SDWLHQW WUDQVIHUV SRLQWHG WR WKH LPSRUWDQFH RI LQFRUSRUDWLQJ QHWZRUN VWUXFWXUH WR EHWWHU

XQGHUVWDQG WUDQVPLVVLRQ G QDPLFV WKH SUHGLFWHG VL]H RI HSLGHPLFV DQG WR VXSSRUW UHJLRQDO

FRRUGLQDWLRQ DPRQJ KHDOWKFDUH IDFLOLWLHV 2I QRWH KHWHURJHQHLWLHV RI DFTXLVLWLRQ DQG

GLVVHPLQDWLRQ DPRQJ KHDOWK FDUH IDFLOLWLHV LQ WKH QHWZRUN ZHUH VWLOO HW WR EH H[SORUHG +RZHYHU

WKH GLJLWDO HYROXWLRQ LQ HSLGHPLRORJ RSHQHG QHZ DYHQXHV IRU WKHVH W SHV RI PRGHOV

,QFRUSRUDWLQJ UHDO QHWZRUN GDWD LQ WKHLU SUHGLFWLRQV KDG WKH SRWHQWLDO WR GHVFULEH WKH

KHWHURJHQHLWLHV LQ QHWZRUNV VXFK DV WKH YDULDWLRQV LQ FRQQHFWLYLW RI LQGLYLGXDO IDFLOLWLHV DQG WKH

QXPEHU RI SDWLHQWV EHLQJ H[FKDQJHG



0RGHOV RI SDWKRJHQ VSUHDG RQ UHDO KHDOWKFDUH QHWZRUNV
V VXSSRUW IRU WKH LPSRUWDQFH RI FRQVLGHULQJ KHDOWKFDUH QHWZRUNV LQ WKH G QDPLFV RI

SDWKRJHQ VSUHDG JDLQHG JURXQG HOHFWURQLF PHGLFDO UHFRUGV SURYLGHG DQ RSSRUWXQLW IRU

UHVHDUFKHUV WR XVH UHDO GDWD RQ DGPLVVLRQV GLVFKDUJHV DQG WUDQVIHUV WR FUHDWH UHDO KHDOWKFDUH

QHWZRUNV WKDW EHWWHU UHIOHFWHG WKH KHWHURJHQHLWLHV RI WUDQVIHUV 2EVHUYHG PRYHPHQW LQ

KHDOWKFDUH QHWZRUNV DQG WKH FDWFKPHQW DUHD ZHUH ILUVW LQWHJUDWHG LQWR D PRGHO LQ E

5RERWKDP HW DO XVLQJ PLOOLRQ DGPLVVLRQV DQG GLVFKDUJHV IURP WKUHH KRVSLWDOV LQ WKH 8.

RYHU D VHYHQ HDU SHULRG 7KH DXWKRUV IRXQG WKDW WKHUH ZDV D FKDQFH RI 056

SRVLWLYH SDWLHQWV WR EH UHDGPLWWHG WR WKHVH KRVSLWDOV ZKLOH VWLOO EHLQJ FRORQLVHG

7KH ILUVW LQGLYLGXDO EDVHG PRGHO RQ D QDWLRQ ZLGH KHDOWKFDUH QHWZRUN RI JHQHUDO XQLYHUVLW

DQG FOLQLFDO KRVSLWDOV ZDV UHFRQVWUXFWHG LQ IRU WKH 1HWKHUODQGV 7KLV PDUNHG DOVR WKH

ILUVW WLPH QHWZRUN WRSRORJ PHDVXUHV VXFK DV GHJUHH LQ GHJUHH DQG RXW GHJUHH ZHUH XVHG WR

H[SODLQ WKH SUHYDOHQFH RI 056 LQ GLIIHUHQW W SHV RI IDFLOLWLHV 7KH LQGLYLGXDO EDVHG

KHDOWKFDUH QHWZRUN PRGHO FDQ EH JHQHUDOLVHG LQ )LJXUH 7KH PRGHO FRQVLGHUV ERWK WKH

SDWLHQW OHYHO SDUDPHWHUV DQG WUDQVLWLRQ VWDWHV EXW DOVR WKH QHWZRUN VWUXFWXUH RI KHDOWKFDUH

IDFLOLWLHV WR LQIRUP WKH LQIHFWLRQ UDWH EHWZHHQ WKHP WKURXJK WKHLU SDWLHQW WUDQVIHUV )LJXUH

,Q RUGHU WR VLPXODWH VSUHDG RQH FDQ FKRRVH D UDQGRP SURSRUWLRQ RI SDWLHQWV WR LQIHFW LQ DQ

LQGH[ KRVSLWDO DQG WKH VSUHDG RI WKH LQIHFWLRQ FDQ EH IROORZHG RYHU WLPH 7KH DXWKRUV RI WKH

ILUVW LQGLYLGXDO EDVHG KHDOWKFDUH QHWZRUN IRXQG WKDW LQIHFWLRQ VSUHDGV TXLFNO IURP WKH LQGH[

KRVSLWDOV DQG WKDW GXH WR WKH KLJK GHJUHH RU KLJK FRQQHFWHGQHVV DQG FHQWUDOLVDWLRQ RI SDWLHQW

PRYHPHQW WRZDUGV WHDFKLQJ KRVSLWDOV WKHVH KRVSLWDOV ZHUH OLNHO WR KDYH D KLJKHU + ,

SUHYDOHQFH



)L XUH , GLYLGXDO EDVHG KHDOWKFDUH HW RUN PRGHO

Q LQGLYLGXDO EDVHG KHDOWKFDUH QHWZRUN PRGHO FRQVLGHUV WKH WUDQVLWLRQ VWDWHV RI LQGLYLGXDO RU SDWLHQWV L H 6,
PRGHO JLYHQ KHUH LQ E ZKHUH D SDWLHQW WUDQVLWLRQV IURP VXVFHSWLEOH WR LQIHFWHG DQG EDFN WR VXVFHSWLEOH ZKHQ WKH
LQIHFWLRQ RU FRORQLVDWLRQ LV ORVW DQG ZH DOVR FRQVLGHU WKH KRVSLWDO OHYHO G QDPLFV WKDW UHO RQ WKH KHDOWKFDUH
QHWZRUN VWUXFWXUH WKDW GHWHUPLQH WKH LQIHFWLRQ UDWHV EHWZHHQ KHDOWKFDUH IDFLOLWLHV VKRZQ LQ D VLPXODWLRQ FRXOG
JLYH ULVH WR F ZKHUH DW WKH LQLWLDO VWDUWLQJ WLPH W RQO RQH UDQGRP SDWLHQW LV LQIHFWHG LQ + DW W WKLV SDWLHQW
LQIHFWV WZR FRQWDFWV RQH ZKR VWD V LQ + DQG RQH ZKR LV WUDQVIHUUHG WR + DW W WKH + FRQWDFW LQIHFWV DQ +
FRQWDFW DW DQG WKHQ JHWV WUDQVIHUUHG WR + ZKHUH WKH LQIHFW DQRWKHU FRQWDFW DQG DW W WKLV + FRQWDFW UHPDLQV
LQIHFWHG ZKLOH WKH RWKHU SDWLHQWV ORVH WKHLU LQIHFWLRQ ,W VKRXOG EH FRQVLGHUHG WKDW WKH UDWH RI SDWLHQW WUDQVIHUV
OHDGLQJ WR LQIHFWLRQ LQ DQRWKHU KRVSLWDO UHOLHV RQ D SUREDELOLW WKDW WDNHV LQWR DFFRXQW WKH QXPEHU RI SDWLHQW
WUDQVIHUV RFFXUULQJ EHWZHHQ WKHP 7KHUHIRUH D KLJKHU QXPEHU RI SDWLHQW WUDQVIHUV OHDGV WR D KLJKHU UDWH RI
LQIHFWLRQ EHWZHHQ KRVSLWDOV

,Q /HH DQG FROOHDJXHV SXEOLVKHG WKH ILUVW SDSHU IRFXVHG RQ WKH VRFLDO QHWZRUN

FKDUDFWHULVWLFV RI KHDOWKFDUH QHWZRUNV 7KH DXWKRUV IRXQG KHWHURJHQHRXV SDWLHQW VKDULQJ

WKDW OHG WR KRVSLWDOV EHLQJ HLWKHU KLJKO FRQQHFWHG RU SRRUO FRQQHFWHG LQ WHUPV RI GHJUHH

EHWZHHQQHVV GHQVLW DQG QHWZRUN HJR PHDVXUHV

7KH QXPEHU RI PDWKHPDWLFDO PRGHOV LQWHJUDWLQJ HOHFWURQLF GLVFKDUJH VXPPDULHV RI REVHUYHG

SDWLHQW WUDQVIHUV LQFUHDVHG VLJQLILFDQWO GXULQJ WKH WR SHULRG ,Q SDUWLFXODU D

FRPSXWDWLRQDO VRIWZDUH WRRO FDOOHG WKH 5HJLRQDO +HDOWKFDUH (FRV VWHP QDO VW 5+( ZDV

GHYHORSHG LQ WR IDFLOLWDWH LQGLYLGXDO EDVHG PRGHOOLQJ RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH

QHWZRUNV 7KH WRRO FRQVLGHUHG DGPLVVLRQV WR JHQHUDO ZDUGV RU WKH ,&8 ERWK IURP WKH



FRPPXQLW DQG IURP KRVSLWDO WUDQVIHUV 5+( ZDV XVHG LQ SDUWLFXODU WR PRGHO KHDOWKFDUH

IDFLOLWLHV LQ 2UDQJH &RXQW &DOLIRUQLD WKDW LQFOXGHG DFXWH FDUH DQG ORQJ WHUP FDUH VHWWLQJV

VXFK DV QXUVLQJ KRPHV DQG PRGHOOHG YDULRXV SDWKRJHQV VXFK DV 056 QRURYLUXV 95( DQG

&3(

2YHUDOO D VHULHV RI SXEOLFDWLRQV DVVHVVHG WKH UROH RI KRVSLWDO V VWHP ZLGH VSUHDG DQG FRQWURO

WKURXJK SDWLHQW PRYHPHQW ,Q DGGLWLRQ GDWD RQ WUDQVIHUV ZLWKLQ D KHDOWKFDUH

QHWZRUN JDYH LQVLJKWV LQWR VHQWLQHO VHOHFWLRQ IRU GHYHORSPHQW RI PRUH HIIHFWLYH VHQWLQHO

VXUYHLOODQFH V VWHPV DQG VXSSRUWHG LPSURYHG FRRUGLQDWHG UHJLRQDO

FRQWURO )LQDOO VRPH PRGHOV H[SOLFLWO DVVHVVHG WKH XQGHUO LQJ QHWZRUN

VWUXFWXUH RI LQWHUDFWLRQV WKURXJK VRFLDO QHWZRUN DQDO VHV RI SDWLHQW IORZV ZLWKLQ KRVSLWDOV

DQG EHWZHHQ KRVSLWDOV )LQDOO PDQ VWXGLHV VKRZ WKDW

KHDOWKFDUH QHWZRUNV GLVSOD D FRPPXQLW VWUXFWXUH LQ ZKLFK FRPPXQLWLHV UHIOHFWHG D VKDUHG

SDWLHQW WUDQVIHU SRSXODWLRQ DPRQJ KHDOWKFDUH IDFLOLWLHV

,Q VXPPDU PDWKHPDWLFDO PRGHOV RI KHDOWKFDUH QHWZRUNV VKRZHG WKHLU YDOXH WR LQIRUP

GHFLVLRQ PDNHUV RQ HQKDQFHG FRRUGLQDWHG UHJLRQDO DQG QDWLRQDO DSSURDFKHV WR LQIHFWLRQ FRQWURO

VWUDWHJLHV LQ D FRQWH[W ZKHUH LQFUHDVLQJO FHQWUDOL]HG KHDOWKFDUH V VWHPV IDYRXU WKH VSUHDG RI

+ ,V



&KDSWHU )LUVW DUWLFOH 8VH RI QHWZRUN GDWD LQ + , VSUHDG PRGHOV

6XPPDU
V QHZ DQG UHDO GDWD PHDQLQJ GDWD SURGXFHG E KXPDQ DFWLYLW RQ QHWZRUNV KDYH EHFRPH

PRUH ZLGHO DYDLODEOH IRU UHVHDUFK SXUSRVHV DQ HYDOXDWLRQ RI WKHLU XVH LQ

PDWKHPDWLFDO PRGHOV LQ WKH KHDOWKFDUH VHWWLQJ ZDV GHHPHG QHFHVVDU WR DVVHVV WKHLU FRQWULEXWLRQ

WR WKH XQGHUVWDQGLQJ RI LQIHFWLRQ ULVNV :H FRQGXFWHG D V VWHPDWLF UHYLHZ RI PDWKHPDWLFDO

PRGHOV LQ WKH KHDOWKFDUH VHWWLQJ XVLQJ UHDO GDWD RQ QHWZRUN VWUXFWXUH LQ RUGHU WR JLYH D UHYLHZ

RI WKH VRXUFHV RI QHWZRUN GDWD DQG WKH PHWKRGV L H SDUDPHWHU HVWLPDWLRQ XVHG WR LQWHJUDWH WKH

GDWD LQ PRGHOOLQJ VWXGLHV LQ WKH KHDOWKFDUH VHWWLQJ RYHU WLPH 7KH UHYLHZ DOVR HYDOXDWHG KRZ

WKH PD KDYH LPSURYHG WKH XQGHUVWDQGLQJ RI + , WUDQVPLVVLRQ G QDPLFV 7KH UHYLHZ FRYHUHG

WKH WHPSRUDO HYROXWLRQ RI WKH VFLHQWLILF SXEOLFDWLRQ RI WKHVH PRGHOV WKH FRXQWU DQG W SH RI

KHDOWKFDUH IDFLOLWLHV PRGHOOHG WKH SDWKRJHQV VWXGLHG WKH GDWD VRXUFHV WKH REMHFWLYHV RI WKH

UHVHDUFK LQ WHUPV RI LQIHFWLRQ FRQWURO DVVHVVPHQW RU XQGHUVWDQGLQJ + , VSUHDG G QDPLFV

SDUDPHWHU HVWLPDWLRQ DQG PRGHO FURVV YDOLGDWLRQ

1HWZRUN GDWD KDV DOORZHG PDWKHPDWLFDO PRGHOV WR KDYH PRUH UHDOLVWLF SUHGLFWLRQV RI LQIHFWLRQ

G QDPLFV LQ KHDOWKFDUH VHWWLQJV DQG V VWHPV 7KH UHYLHZ IRXQG WKDW WKH QXPEHU RI SXEOLFDWLRQV

RI PRGHOV LQ KHDOWKFDUH VHWWLQJV KDV LQFUHDVHG RYHU WKH HDUV KRZHYHU WKH UHPDLQ OLPLWHG WR

KLJK LQFRPH VHWWLQJV WKH ,&8 DQG KRVSLWDO VHWWLQJV DQG WR D OLPLWHG QXPEHU RI SDWKRJHQV 7KH

XVH RI QHWZRUN GDWD KDV DOVR JURZQ RYHU WKH HDUV ZLWK D ZLGHU GLYHUVLW RI GDWD VRXUFHV EHLQJ

LPSOHPHQWHG LQWR PRGHOV VXFK DV VKDGRZLQJ RU VHQVRU GDWD RI +&: DQG SDWLHQW FRQWDFWV DQG

HOHFWURQLF PHGLFDO UHFRUGV RI SDWLHQW WUDQVIHUV 7KHVH PRGHOV KDYH JLYHQ ULVH WR QHZ LQVLJKWV

LQWR PRUH HIIHFWLYH + , SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO VWUDWHJLHV VXFK DV KDQG K JLHQH

SUDFWLFHV DQG FRKRUWLQJ +RZHYHU VHWWLQJV VXFK DV ORQJ WHUP FDUH IDFLOLWLHV GDWD RQ LQIHFWLRQ

PRGHO SDUDPHWHU HVWLPDWLRQ DQG PRGHO FURVV YDOLGDWLRQ ZHUH IRXQG ODFNLQJ DQG IXWXUH UHVHDUFK

VKRXOG FRQVLGHU IXUWKHU H[SDQGLQJ ZRUN LQ WKHVH ILHOGV
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OPINION Mathematical models of infection transmission in
healthcare settings: recent advances from the use
of network structured data

Rania Assaba,b,!, Narimane Nekkaba,b,c,!, Pascal Crépeyc,d,e, Pascal Astagneauf,

Didier Guillemotg,h,i,j, Lulla Opatowskig,h,i, and Laura Temimea,b

Purpose of review

Mathematical modeling approaches have brought important contributions to the study of pathogen spread
in healthcare settings over the last 20 years. Here, we conduct a comprehensive systematic review of
mathematical models of disease transmission in healthcare settings and assess the application of contact
and patient transfer network data over time and their impact on our understanding of transmission
dynamics of infections.

Recent findings

Recently, with the increasing availability of data on the structure of interindividual and interinstitution
networks, models incorporating this type of information have been proposed, with the aim of providing
more realistic predictions of disease transmission in healthcare settings. Models incorporating realistic data
on individual or facility networks often remain limited to a few settings and a few pathogens (mostly
methicillin-resistant Staphylococcus aureus).

Summary

To respond to the objectives of creating improved infection prevention and control measures and better
understanding of healthcare-associated infections transmission dynamics, further innovations in data
collection and parameter estimation in modeling is required.

Keywords

hospital-acquired infections, mathematical modeling, networks, systematic review, transmission

INTRODUCTION

Despite advances in biology and medicine, the bur-
den of healthcare-associated infections (HAIs) has
increased over the last decades [1]. Indeed, HAIs are
the most frequent adverse event in health-delivery
settings affecting up to one in three patients in ICU
in developed countries [1]. The associated costs are
estimated to be seven billion euros in Europe, and
approximately six and a half billion dollars in the US
[2–4], where 722000 HAIs occur yearly in acute-care
hospitals, resulting in 75000 deaths [5].

The HAI burden stems notably from the emer-
gence and spread of virulent infectious agents.
Multidrug-resistant bacteria such as methicillinre-
sistant Staphylococcus aureus (MRSA) and carbape-
nemase-producing Enterobacteriaceae (CPE), and
viruses such as influenza, severe acute respiratory
syndrome (SARS), Middle East respiratory syndrome
coronavirus (MERS-CoV) and Ebola have become of
concern for public health authorities in most
countries [1]. Prevention measures such as hand

hygiene, isolation, antibiotic restrictions, staff
cohorting, and surveillance may significantly
impact HAI rates, decreasing in particular MRSA
and Clostridium difficile incidence by more than
70% [5].
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de prévention des infections associées aux soins (C-CLIN), APHP, Paris,
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Mathematical models have provided a theoreti-
cal framework for understanding complex trans-
mission dynamics within healthcare settings for
over 15 years [6–9]. Furthermore, they provide a
quantitative approach to estimating the impact
of various infection control strategies and their
combined effects [6,7,9,10].

Over recent years, detailed data informing on
the interactions between patients and healthcare
workers (HCWs) or patient transfers within and
between healthcare settings have been integrated
in such models. Patients transfers between hospitals
have been increasingly studied [11], as well as data
on contacts between patients and HCWs, in particu-
lar, digital trace measuring face-to-face proximity
[12,13] or individual movements [14].

Here, we conduct a systematic review of math-
ematical models in healthcare settings using such
real data on networks within institutions and
between institutions. We present an overview of
the methodological specificities related to the integ-
ration of network data in the different modeling
studies and we study how they may improve our
understanding and predictive capacity of HAI
spread in healthcare settings.

METHODS

We conducted a systematic search in three different
databases: MEDLINE (1946 to present), Web of
Science Core Collection (1956 to present), and Insti-
tute of Electrical and Electronic Engineers (IEEE)
Xplore Digital Library (1893 to present). Results
included all articles published until 26 January
2017, the final day of the search. All results from
the searchquerywere independently screenedby two
reviewers for inclusion criteria eligibility and selec-
tion after review of titles, abstracts, and then full
texts. Query structure, inclusion and exclusion
criteria can be found in Appendix 1 and 2, http://
links.lww.com/COID/A20.

We defined four lists to classify our selection
results:

(1) L: all studies meeting our first two inclusion
criteria comprising of all mechanistic models
of pathogen transmission within healthcare
settings. We use the term ‘HAI’ in a generic
and inclusive way to encompassmultidrugresist-
ant organisms such as MRSA, ESBL (extended-
spectrum beta-lactamases) producers, influenza,
and VRE (vacomycin-resistant enterococci)
among other pathogens.

(2) L1: all studies from list L incorporating real
contact data (within institutions).

(3) L2: all studies from list L incorporating real trans-
fer data (between institutions and/or wards).

KEY POINTS

" Mathematical models of infections in healthcare settings
have become more frequent over the years.

" Increasing trends of models based on real data on
networks of individuals or facilities are due to perceived
usefulness as tools for infection prevention and control,
increased availability of digitalized medical records or
surveys, and development of sensor technology

" The range of pathogens, settings, and situations
explored by these models remains to this day highly
restrictive which may reflect limited data availability,
historical importance of certain infections (i.e., MRSA),
and high-risk HAI settings that require more intensive
HCW training and precautions (i.e., ICUs).

" The main contributions of models in terms of using real
data on networks are to develop more innovative and
realistic HAI control strategies and to better understanding
the impact of social networks on HAI spread.

DEFINITIONS

" Compartmental model: a model where a population is
subdivided into groups corresponding to a status. For
example, the susceptible-infected-recovered model is a
basic compartmental model composed of three groups of
people with the following status: susceptible, infected, and
recovered. Each compartment contains a certain number
of people from the population presenting the status.

" Agent-based model: rather than grouping people in a
compartment in terms of their status, the agent-based
model studies each individual separately. These models
commonly study the connections between individuals
(patients and/or HCWs) with each other in terms of a
shared environment (ward, room) or through their
contacts (direct, indirect).

" Deterministic model: a model in which the output is fully
determined by the initial conditions and parameter
values (usually a compartmental model formulated
using differential equations).

" Stochastic model: a model including inherent
randomness, in which, for a given set of initial
conditions and parameter values, an output distribution
is provided to account for uncertainty in predictions
(often used for small populations in which random
fluctuations are important).

" Social network: a network with components and links,
and within the scope of our review, they are either
contact networks of healthcare workers (nurses,
physicians and so on) and patients or of hospitals that
are linked by their patient transfers.

" Social network analysis: in the case of our review, it is
the assessment of the contacts or healthcare system
structures which can help identify ‘super-spreaders’ that
are highly linked and have the most potential to spread
disease in the network.
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(4) L3: all studies from list L that incorporate
explicit contact or transfer network structure
in healthcare settings without real data.

All studies using real data (L1 and L2) were
analyzed regarding various characteristics such as
pathogen studied, data sources, and model
parameters. We also compared L1 and L2 models
characteristics with L models characteristics using
Fisher exact and x

2 statistical tests.

RESULTS

Our search retrieved a total of 5653 distinct records
from the three databases (Fig. 1). After screening
titles and abstracts, a total of 216 studies were
selected for list L, including eight papers added
through reference searching. From this list, we
identified a total of 28 models using intra-hospital
contact data (L1) [15–40,41

&

,42
&

], 26 models using
inter or intrahospital transfer data (L2) [43,44

&&

,
45–58,59

&

,60–66,67
&&

,68], and 22 contact or trans-
fer network healthcaremodels without real data (L3)
[69–90].

Publication trends

Publication of mathematical models of pathogen
spread in healthcare settings has greatly increased
in recent years (Fig. 2; P<10#11, Spearman’s rank
correlation). The first models including real network
data were published in 2002 and used directly
observed within-hospital data on inter-individuals
contacts [31,34]; the first model including data on
interfacility transfers was published in 2007 [47].

From these first publications on, the number of
yearly published L1 (P¼0.03, Spearman’s rank
correlation) and L2 (P¼0.02, Spearman’s rank
correlation) models have been increasing. Overall,
since 2002, L1 and L2 models represent 27% of L
models, with an increasing portion of L2 models
(Suppl Figure 1, http://links.lww.com/COID/A20).

Pathogens studied and epidemic situations
MRSA was the most studied pathogen in L1 and L2
models (44.1%) followed by: influenza (13.6%),
vancomycin-resistant Enterococci spp. (8.5%), HAIs
in general (8.5%), C. difficile (5.1%) and carbapene-
mase-producing Enterobacteriaceae (5.1%; Fig. 3).

FIGURE 1. PRISMA diagram reviewing literature sources for
mathematical models that examined the transmission
dynamics in healthcare settings.

FIGURE 2. Number of mathematical models of healthcare-
associated infections spread in healthcare settings published
over time. The total of all models published (L, in red), those
using real contact data (L1, in green), those using real transfer
data (L2, in purple), and those focusing on the impact of social
networks without real data (L3, in blue) are depicted.

FIGURE 3. Pathogens modeled in models using real contact
(L1) or transfer data (L2).
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The distribution of pathogens studied in L1 and L2
models did not differ significantly from that
observed in all models (P¼0.09, Fisher exact test).

In general, L1 and L2 models either simulated
outbreaks of these pathogens in a susceptible popu-
lation or assessed the impact of long-term infection
prevention and control on the ongoing epidemic of
prevalent HAIs.

Healthcare settings

Out of 54 L1 and L2 models, 49 (91%) took place in
acute-care settings (Table 1a). The mean number of
healthcare settings in general included in the
models was 122 [range: 1–3306], with a median at
one of L1 and at 98 of L2 models. Ward-level descrip-
tion of HAI spread was present in 35% of publi-
cations (19/54), of which most modeled one ICU
(Table 1b). Only Karkada et al. [58] study was an
outlier, analyzing a total of 3306 ICUs in the US. L1
models had a median study size of 100 patients
[range: 2–3329] and 34 HCWs [range: 1–19508].
L2 models incorporated a median of seven million
transfers [range: 130000–13 million].

Data sources

All transfer data were collected using electronic
patient records such as national medical and sur-
veillance registers [43,53,54], hospital discharge
summaries [45,47–49,51,60,62,65], or insurance
databases [58]. Data used to collect the contact

patterns between patients and HCWs came from
four main sources: shadowing – direct observation
of interactions between patients and HCWs, sur-
veys, medical records, and individual wireless prox-
imity sensors recording the identity of other sensors
located in a close area. Historically, between 2002
and 2006, shadowing was the first source of data on
contact networks in healthcare settings (Fig. 4)
[20,31,32,34,37]. During the period 2007–2011,
new methods of contact data collection appeared
such as medical records [19,25,28] and surveys
[17,18,38,40,41

&

]. Finally, following technology
innovations, proximity sensors were introduced in
four studies published over the period 2012–2016
[24,35,36,42

&

].

Types of models

L1 and L2 models were mostly agent based, rather
than compartmental (43 vs. 12 models), and sto-
chastic, rather than deterministic (53 vs. 4 models)
[39]. These were significant differences with L
models (P<10#5, x2 test).

Model objectives

L1 and L2 models all aimed at either assessing con-
trol interventions or better understanding HAI
spread and the impact of social networks. Inclusion
of data on social networks allowed simulating
more innovative and realistic infection prevention
and control strategies, including heterogeneous

Table 1. Type of (a) healthcare settings and (b) wards modelled in L1/L2 models: total number of published models and

corresponding references. Five articles model studied both nursing homes and hospital settings (a)

(a)

Healthcare setting Number References

Hospitals 49 [15–23,26–37,39,41&,42&,43,44&&,45–50,52–58,59&,60–66,67&&,68]

Long-term care Nursing homes 9 [25,38,40,44&&,45,60,63,66,68]

Tertiary care 4 [24,51,67&&,68]

Total 62 (54 distinct articles)

(b)

Ward Number References

Emergency 1 [39]

General ward 4 [17,22,42&,52]

Geriatric 1 [18]

Hemodialysis 1 [31]

ICU 10 [16,20,26,34,35,39,41&,52,58,67&&]

Pediatric 1 [36]

Surgical 1 [21]

Total 19
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hand-hygiene compliance or cohorting levels
[16,19,22,27,31,32,34,35]. Hand-hygiene compli-
ance was the most common intervention studied
[20,22,27,29,31,34,35,37,39,40,41

&

,46,56], along
with antibiotic exposure [32,33], targeted or screen-
ing of patient groups or universal screening of all
patients at admission [48,51,57], isolation [26,46,57],
and HCW vaccination [17–19]. Other models
explored the role of patient-HCW interactions
through variations in cohorting by modifying
patient: HCW ratios [16,31,34], social interactions
in hospitals [24,28,36], and hospital system-wide
spread and control through patient movement
[45,47–50,59

&

,60–66]. In addition, data on transfers
within a healthcare network gave insights into senti-
nel selection for development of more effective
sentinel surveillance systems [43,50,55,58] and
supported improved coordinated regional control
[23,45,59

&

, 61,68]. Finally, some models explicitly
assessed the underlying network structure of inter-
actions through social network analyses of patient
flows in hospitals [19,23,30,35,87,89] and between
hospitals [50,53–55,58,64,65].

Parameter estimations and model
cross-validation

Around 17% of L1 or L2 studies included model
parameter estimation using observed infection or
colonization data, rather than simple calibration or
using values from the literature. Model predictions
were rarely cross validated with independent data-
sets (eight publications overall). In these aspects,
L1 and L2 models did not differ from L models
in general.

DISCUSSION

Mathematical models of infections in healthcare
settings have become more frequent over the years.
This increase may be because of multiple factors

including perceived usefulness of models as tools
for understanding the impact of infection preven-
tion and control in the health field, for understand-
ing drivers of recent major epidemics such as the
2002–2003 SARS outbreak [15,78,91,92] and the
2014–2015 Ebola epidemic [42

&

,93–95], or growing
awareness of factors contributing to the global
impact of antibiotic resistance [96]. In parallel,
increased availability of digitalized medical records
or surveys, and development of sensor technology to
monitor interindividual contacts provide researchers
with the means to build more realistic models.

Review scope and limitations

In this systematic review, we conducted an exhaus-
tive search of articles studying pathogen spread in
healthcare settings through mathematical model-
ing. Using complementary databases (PubMed,Web
of Science, and IEEE Xplore Digital Library) was
important and necessary to find the articles ana-
lyzed in this review.

However, this reviewwas subject to some limita-
tions. Given that the scope of this review involves
both health sciences and computational biology, we
could have included more databases in the com-
puter science field. In addition, we only considered
publications in English and French, whichmay have
limited the variety of country settings. Statistical
models were excluded because they did not meet
the objective of the review; however, these models
may also improve the understanding of transmission
dynamics of pathogen spread in healthcare settings.

Main results of the review and implications
for future work

Several points which have been raised by our review
may lead to recommendations for future modeling
work. The range of pathogens, settings, and situ-
ations explored by models based on real data on
networks of individuals or facilities remains to this
day highly restrictive. Hence, the increased realism
in the description of social networks is counterbal-
anced by the current limitations in the range of
investigated questions.

First, 80% of L1/L2 models were set in a four
developed countries (the US, UK, the Netherlands,
and France), while L models considered a wider
variety of countries (Suppl Figure 2, http://links.
lww.com/COID/A20). This can be explained by
their use of more advanced data management
technologies, resulting in a better availability of
relevant data, as well as by the presence of a very
active community of modelers. However, HAIs also
represent a major issue in developing countries,

FIGURE 4. Contact data collection sources in models using
real contact data (L1): changes over time.
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mainly due to high antimicrobial resistance levels
and difficulties to afford second-line treatments
[97]. Future work should take these settings into
account.

Second, the most studied pathogen was MRSA,
followed distantly by influenza, HAIs in general and
vancomycin-resistant enterococci. Although this
was true of all models of HAI spread, the domination
of MRSA was even stronger in models incorporating
data on observed networks. This may be explained
by the large amount of available epidemiological
data on MRSA in healthcare settings, reflecting the
historical importance of MRSA in HAIs. In addition,
data on MRSA carriage are easily collected from
nasal or other surveillance swabs, while other patho-
gens such as Enterobacteriaceae require rectal swabs,
which can be more difficult to obtain. Although
MRSA has indeed represented a major threat over
the last decades, the incidence of MRSA infections
currently seems to be declining in most developed
countries, [97] yet other multiresistant bacteria such
as ESBL-producing Enterobacteriaceae become more
prevalent [98,99]. Future models should definitely
consider a wider range of pathogens.

Third, the vastmajority of L1 and L2models were
set in acute-care settings, with most ward-level
descriptions taking place in ICUs. ICUs are fre-
quently modeled because of their high risk of HAIs,
raised by a high number of invasive procedures in
critical-state patients, and require well informed
recommendations regarding control interventions.
Consequently, research funding in ICUs is more
prevalent and both data collection and implementa-
tion of control interventions are facilitated by better
informed ICU HCWs compared with other wards.
However, HAIs are also an issue in other types of
hospital wards, in which lower HCW-to-patient
ratios and decreased risk awareness may lead to
HAI outbreaks. On the health systems-level, the
majority of L2 models described networks of hospi-
tals linked by their shared patients; only a few
recreated transfer networks between the wards of
a given hospital to study how the impact of infec-
tion prevention and control interventions may vary
depending on hospital ward specialties [46,51].
Intrahospital spread has been shown to be one of
the major reasons for transmission of SARS in Tor-
onto, Canada, and Taiwan andMERS-CoV inAlhasa,
Saudi Arabia, and Korea [100–102]. Future research
should attempt to include ward-level modeling as it
provides more specific and realistic patients and
HCW interactions that are overlooked when mod-
eling at the hospital level, and take into account
wards other than ICUs.

Additionally, models of HAI spread in settings
outside acute-care shouldbe developed. For instance,

the importance of nursing homes in the overall
spread of HAIs has been underlined. Factors such
as long length-of-stay of nursing home residents
have been shown to play an important role in
both driving sustained endemics of infections and
increasing the risk of epidemics in entire healthcare
networks [44

&&

,60,63]. Similarly, the impact of trans-
mission in [28] or readmission from [47] community
settings on HAI transmission in healthcare settings
is rarely assessed among models using real data.
Research should focus on modeling nursing home
and community settings with collected data to better
understand the complexity of interactions within
healthcare networks and their impact on trans-
mission dynamics in healthcare settings.

Another important issue is the inclusion of
observed colonization or infection data in modeling
works to calibrate or validate model predictions.
Although models incorporating data on interindi-
vidual contacts or patient transfers aremore likely to
have access to patient medical records or disease
status fromHCWs, parameter estimation andmodel
validation using colonization or infection data
remains rare overall. A major objective of future
research should be to include observed infection
or carriage data collected simultaneously with the
network data, among the same individuals. Another
benefit of simultaneously collecting contact or
transfer data and infection data would be the possib-
ility of assessing the pertinence of network data to
help predict HAI spread. Indeed, although most
published models using network data implicitly
assume that interindividual contact and/or inter-
facility patient transfer networks drive HAI spread,
other factors may impact pathogen diffusion in
healthcare settings. Depending on the involved
pathogen, environmental contamination for
instance may play a major part. It is therefore of
the utmost importance to further investigate what
portion of the pathogen-specific diffusion risk may
be explained by network data [24].

CONCLUSION

Our review assessed the use of contact and transfer
network data in models over time and its impact on
understanding infection transmission dynamics in
healthcare settings. Models incorporating such data
were limited to a small number of countries, set-
tings, and pathogens, while there is a steady emer-
gence of network graphs to study the contact and
structure of patient movement and interactions
with HCWs. These models give new insights into
more effectiveHAI prevention and control strategies
in both endemic and epidemic situations. Further
innovations in data collection and use in modeling
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are required to improve understanding of trans-
mission dynamics to reinforce existing recommen-
dations and evaluate new control strategies.
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Part Three: The French healthcare networks



&KDSWHU 7KH )UHQFK PHGLFR DGPLQLVWUDWLYH GDWDEDVH 306,

+HUH ZH SUHVHQW WKH H[KDXVWLYH GDWDEDVH RI SDWLHQW GLVFKDUJH VXPPDULHV WKDW ZDV H[SORLWHG IRU

FRQVWUXFWLRQ RI WKH )UHQFK KHDOWKFDUH QHWZRUNV RI SDWLHQW WUDQVIHUV ,Q DGGLWLRQ D OLWHUDWXUH

UHYLHZ DVVHVVLQJ WKH XVH RI WKLV GDWDEDVH IRU HSLGHPLRORJLFDO UHVHDUFK RQ + ,V ZDV FRQGXFWHG

DQG WKH UHVXOWV DUH GHVFULEHG

'HVFULSWLRQ RI WKH GDWDEDVH
The Programme de Médicalisation des Systèmes d’information (PMSI) database RU 3URJUDP

IRU WKH 0HGLFDOL]DWLRQ RI ,QIRUPDWLRQ 6 VWHPV GDWDEDVH LQ (QJOLVK DOVR NQRZQ DV WKH )UHQFK

KRVSLWDO GLVFKDUJH GDWDEDVH LV D FRPSUHKHQVLYH )UHQFK PHGLFR DGPLQLVWUDWLYH GDWDEDVH RI

KRVSLWDO DFWLYLW DQG SDWLHQW GLVFKDUJH LQIRUPDWLRQ 2ULJLQDOO WKH 306, ZDV FUHDWHG

IRU FDOFXODWLQJ KRVSLWDO DFWLYLW IRU EXGJHW UHJXODWLRQ DQG DWWULEXWLRQ KRZHYHU LW KDV DOVR EHHQ

XVHG IRU HSLGHPLRORJLFDO DQG PHGLFDO UHVHDUFK QRW UHODWHG WR FRVW DQDO VLV 7KH GDWDEDVH

LV FRPSRVHG RI SDWLHQW GLVFKDUJH VXPPDULHV LQ WKH IRUP RI WKH )UHQFK HTXLYDOHQW RI GLDJQRVLV

UHODWHG JURXSV '5*V RQH SULPDU GLDJQRVLV RQH UHODWHG GLDJQRVLV DQG XS WR DVVRFLDWHG

GLDJQRVHV FRGHG DFFRUGLQJ WR WKH ,QWHUQDWLRQDO &ODVVLILFDWLRQ RI 'LVHDVHV ,&' WHQWK UHYLVLRQ

,&' (DFK SDWLHQW GLVFKDUJH VXPPDU FRQWDLQV LQIRUPDWLRQ RQ WKH DJH JHQGHU

SODFH RI UHVLGHQFH LQ WKH IRUP RI PXQLFLSDOLW ]LS FRGH WKH PRQWK DQG HDU RI DGPLVVLRQ DQG

GLVFKDUJH DQG WKH KHDOWKFDUH IDFLOLW RI VWD LQ DGGLWLRQ WR WKH GLDJQRVHV (DFK KHDOWKFDUH

IDFLOLW LV LGHQWLILHG E D XQLTXH ),1(66 QXPEHU )LFKLHU 1DWLRQDO GHV (WDEOLVVHPHQWV

6DQLWDLUHV HW 6RFLDX[ (DFK SDWLHQW VWD LV DOVR QXPEHUHG E RUGHU RI VWD DFURVV GLIIHUHQW

KHDOWKFDUH IDFLOLWLHV 7KH 306, LV WKH ODUJHVW )UHQFK GDWDEDVH RQ PHGLFDO LQIRUPDWLRQ LQ WHUPV

RI KHDOWKFDUH IDFLOLW FRYHUDJH

6LQFH WKH 306, KDV EHHQ SDUW RI D ODUJHU ZDUHKRXVH RI GDWD DORQJ ZLWK )UHQFK KHDOWK

LQVXUDQFH GDWDEDVHV WKDW WRJHWKHU FRPSRVH WKH 1DWLRQDO +HDOWK ,QVXUDQFH ,QIRUPDWLRQ 6 VWHP

Système national d’information inter régime de l’assurance maladie (61,,5 0 7KH

61,,5 0 LQFOXGHV LQWHU VFKHPH FRQVXPSWLRQ GDWD GRQQpHV GH FRQVRPPDWLRQ LQWHU UpJLPHV

'&,5 WKDW LQFOXGH DOO RXWSDWLHQW UHLPEXUVHG KHDOWK H[SHQGLWXUHV 7KHVH GDWD DUH PDQDJHG E

WKH 1DWLRQDO +HDOWK ,QVXUDQFH )XQG IRU 6DODULHG :RUNHUV &Disse nationale de l’assurance 

0DODGLH GHV WUDYDLOOHXUV VDODULpV &1 076

,Q WKH ILQDQFLQJ RI KHDOWK IDFLOLWLHV ZDV GUDVWLFDOO FKDQJHG WR DQ DFWLYLW EDVHG SULFLQJ

V VWHP 7 ZKHUH KRVSLWDO EXGJHWV GHSHQGHG RQ WKH QXPEHU RI WUHDWHG SDWLHQWV EDVHG RQ WKHLU

GLVHDVH 7KLV DSSOLHG RQO WR DFWLYLWLHV XQGHU WKH PHGLFDO VXUJLFDO DQG REVWHWULF 0&2



GHSDUWPHQWV ZKLOH WKH SV FKRORJ DQG SRVWRSHUDWLYH FDUH DQG UHKDELOLWDWLRQ 665 ZHUH VWLOO

ILQDQFHG E DQ DQQXDO JUDQW V D UHVXOW WKH 306, GDWDEDVH LV VSOLW LQWR WKUHH SDUWV 0&2 665

SDWLHQW GLVFKDUJH VXPPDULHV DQG KRPH KRVSLWDOLVDWLRQ KRVSLWDOLVDWLRQ j GRPLFLOH + '

+RVSLWDOV VHQG WKHLU GLVFKDUJH VXPPDULHV WR WKH UHJLRQDO KHDOWK DJHQFLHV ZKLFK LQ WXUQ VHQG WKH

GDWD WR WKH )UHQFK 7HFKQLFDO JHQF RQ +RVSLWDOLVDWLRQ ,QIRUPDWLRQ JHQFH 7HFKQLTXH GH

O ,QIRUPDWLRQ VXU O +RVSLWDOLVDWLRQ 7,+ ZKLFK RZQV WKH GDWD DQG PDNHV LW DFFHVVLEOH IRU

UHVHDUFK SXUSRVHV

+ , GHWHFWLRQ LQ WKH GDWDEDVH D OLWHUDWXUH UHYLHZ
%HFDXVH WKH 306, GDWDEDVH LQFOXGHV ,&' FRGHV IRU WKH GLVFKDUJH GLDJQRVLV RI SDWLHQWV LW

FRXOG EH H[SHFWHG WKDW LGHQWLI LQJ SDWLHQWV ZKR ZHUH GLDJQRVHG ZLWK DQ + , ZLOO EH SRVVLEOH

IURP WKLV GDWDEDVH KRZHYHU WKH VSHFLILF < FRGH IRU QRVRFRPLDO LQIHFWLRQV LV QRW

V VWHPDWLFDOO XVHG DQG RWKHU ,&' FRGHV PD EH HLWKHU QRW VHQVLEOH RU QRW VSHFLILF HQRXJK

+HQFH D OLWHUDWXUH UHYLHZ ZDV FRQGXFWHG WR HYDOXDWH WKH YDOLGLW RI WKH 306, GDWDEDVH IRU

HSLGHPLRORJ UHVHDUFK RQ + ,V DQG WR DVVHVV DSSURSULDWH LQFOXVLRQ FULWHULD IRU + , UHODWHG

GLDJQRVHV 7KH LQFOXVLRQ FULWHULD IRU WKH UHYLHZ UHTXLUHG VWXGLHV WR KDYH HYDOXDWHG WKH 306,

GDWDEDVH IRU JHQHUDO + ,V RU VSHFLILF + ,V LQ WHUPV RI VHQVLWLYLW VSHFLILFLW SRVLWLYH

SUHGLFWLYH YDOXH 339 QHJDWLYH SUHGLFWLYH YDOXH 139 RU XVHG D WHVW VWDWLVWLF FRPSDULQJ WKH

GDWDEDVH WR DQRWKHU VRXUFH RI + , GDWD 7KH UHYLHZ LGHQWLILHG D WRWDO RI SXEOLFDWLRQV DV RI

SULO VW LQ WKH 3XE0HG VHDUFK HQJLQH RI WKH 0('/,1( GDWDEDVH XVLQJ WKH IROORZLQJ

VHDUFK WHUPV

(PMSI[Title/Abstract] OR “Programme de Médicalisation des Systèmes 

d’information”[Title/Abstract] OR HDD[Title/Abstract] OR “hospital discharge 

database”[Title/Abstract] OR “hospital information system”[Title/Abstract] OR 

“m LFR administrative database”[Title/Abstract])

QR RFRPLDO LWO E W DFW LQI FW LWO E W DFW SDWKR Q LWO E W DFW

OR pathogens[Title/Abstract] OR “hospital acquired”[Title/Abstract] OR “hospital 

acquired”[Title/Abstract] OR “hospital associated”[Title/Abstract])

(“French”[Title/Abstract] OR “France”[Title/Abstract])



WRWDO RI VHYHQ SXEOLFDWLRQV PHW WKH LQFOXVLRQ FULWHULD 7KH UHVXOWV RI WKHVH

VWXGLHV DUH VXPPDUL]HG LQ 7DEOH

7DEOH 6XPPDU RI SXEOLFDWLR V DVVHVVL , GHWHFWLR L WKH 306, GDWDEDVH
5HIHUH FH 2EMHFWLYH 6WXG

SRSXODWLR
9DOLGLW RI 306,
GDWDEDVH

(YDOXDWLR
PHDVXUH

/HJUDV HW DO &URVV VHFWLRQDO
VWXG FRPSDULQJ
ELRORJLFDO ODE UHVXOWV
RI ,&8 WR 306,
GDWDEDVH RI + ,V

SDWLHQWV
VWUDLQV LQ

&+8 1DQF
IURP

/DE GDWD DQG 306, QRW
VXIILFLHQW IRU H[WHQVLYH
XQGHUVWDQGLQJ RI + ,V
306, QRW VSHFLILF DQG
RQO FRYHUDJH

8URORJ XQLW 6H
6S

%RX]ELG HW DO &URVV VHFWLRQDO
VWXG HYDOXDWLQJ
VHYHQ VWUDWHJLHV IRU
GHWHFWLRQ RI + ,V LQ
,&8

SDWLHQWV LQ
DGXOWV ,&8V LQ

+RVSLFHV &LYLOV
GH / RQ EHWZHHQ

306, KDG ORZHVW
VHQVLWLYLW DQG
VSHFLILFLW IRU DOO + ,V
DPRQJ VWUDWHJLHV
DGGLWLRQDO XVH RI 306,
GLG QRW LPSURYH
VHQVLWLYLW RYHUDOO EXW
KDG KLJKHVW VSHFLILFLW
IRU 87,

306, RQO 6H
DQG 6S RI
&RPELQHG ZLWK RWKHU
VWUDWHJLHV 6H 6S

*HUELHU HW DO &URVV VHFWLRQDO
VWXG HYDOXDWLQJ
306, WR GHWHFW
+ ,V

*HQHUDO VXUJHU
SDWLHQWV

,&8
SDWLHQWV

REVWHWULFV
SDWLHQWV
LQ

+RVSLFHV &LYLOV
GH / RQ

306, QRW VXIILFLHQWO
HIILFLHQW PHWKRG LQ
WHUPV RI VHQVLWLYLW DQG
VSHFLILFLW RI
VXUYHLOODQFH RI + ,V

66,V 6H 6S

([SDQGHG 66, FRGHV
6H 6S
,&8 6H 6S
33, 6H 6S

*HUELHU
&RORPEDQ HW
DO

&URVV VHFWLRQDO
VWXG DVVHVVLQJ
GLIIHUHQW VWUDWHJLHV
IRU GHWHFWLQJ
66, XVLQJ D
FRPELQDWLRQ RI
GLIIHUHQW VRXUFHV

SDWLHQWV LQ
LQ +RVSLFHV

&LYLOV GH / RQ
VXUJLFDO XQLW

GGLWLRQ RI GLVFKDUJH
GLDJQRVLV FRGHV ZDV D
FRPSOHPHQW WR GHWHFW
66, ZKHQ WKH SDWLHQW
ZDV DOUHDG GLVFKDUJHG

306, RQO 6H
6S
&RPELQHG 6H
6S

1XHPL HW DO &URVV VHFWLRQDO
VWXG HYDOXDWLQJ
306, GDWD RQ
056 LQFLGHQFH
FRPSDUHG WR
QDWLRQDO VXUYHLOODQFH
GDWD ,Q96

YHUDJH RI
PLOOLRQ KRVSLWDO
VWD V DQG
PLOOLRQ SDWLHQWV
LQ )UDQFH

056 LQIHFWLRQV

5HFRPPHQG XVH RI WKH
306, GDWD DV DQ
DGGLWLRQDO VRXUFH RI
LQIRUPDWLRQ LQ WKH
KRVSLWDO 056
VXUYHLOODQFH SURFHVV

,QFLGHQFH GHQVLW
PHDVXUHG E ,Q96
KLJKHU WKDQ 056
GHQVLW XVLQJ 306,
GLIIHUHQFH DSSHDUHG WR
GHFUHDVH RYHU WLPH
HDU RI VWXG
VLJQLILFDQWO
DVVRFLDWHG ZLWK
LQFLGHQFH GHQVLW LQ
306, 3  

*UDPPDWLFR
*XLOORQ HW DO

&DVH FRQWURO VWXG
DVVHVVLQJ WKH
HIILFDF RI 306, DV
D URXWLQH
VXUYHLOODQFH V VWHP
IRU GHWHFWLQJ KLS RU
NQHH DUWKURSODVW –
UHODWHG LQIHFWLRQV

KRVSLWDO
VWD V RI
SDWLHQWV
FDVHV
FRQWUROV IURP

LQ
)UHQFK KRVSLWDOV

3RWHQWLDO RI 306, DV
WRRO IRU URXWLQH 66,
VXUYHLOODQFH DIWHU ORZ
ULVN VXUJHU XQGHU
FRQGLWLRQV
RI DSSURSULDWH
DOJRULWKP IRU VHOHFWLQJ
LQIHFWLRQV

'HILQLWLRQ 6H
6S 339
139
'HILQLWLRQ % 6H

6S 339
139

'HILQLWLRQ % & 6H
6S 339
139



6DKOL HW DO &URVV VHFWLRQDO
VWXG HYDOXDWLQJ WKH
SRVLWLYH SUHGLFWLYH
YDOXHV RI LQIHFWLRQ
FRGHV DV UHDVRQ IRU
KRVSLWDOL]DWLRQ DV
FRGHG LQ WKH 306,

KRVSLWDO
VWD V LQ &+8
7RXORXVH LQ

3RVLWLYH SUHGLFWLYH
YDOXHV RI RYHUDOO
LQIHFWLRQV OHDGLQJ WR
KRVSLWDOL]DWLRQ LQ
JHQHUDO SRSXODWLRQ YHU
KLJK LQ 306, GHWDLOV RI
WKH FRGHV ZHUH FORVHO
FRQVLVWHQW ZLWK W SH RI
LQIHFWLRQ WKDW RFFXUUHG

3ULPDU GLDJQRVLV
339
5HODWHG GLDJQRVLV
339

3XEOLFDWLRQV ZHUH LGHQWLILHG XVLQJ WKH 0('/,1( GDWDEDVH XS WR SULO VW

6H VHQVLWLYLW
6S VSHFLILFLW
339 SRVLWLYH SUHGLFWLYH YDOXH
139 QHJDWLYH SUHGLFWLYH YDOXH
,Q96 ,QVWLWXW GH 9HLOOH 6DQLWDLUH )UHQFK ,QVWLWXWH IRU 3XEOLF +HDOWK 6XUYHLOODQFH
33, SRVWSDUWXP LQIHFWLRQV

,Q /HJUDV HW DO IRXQG WKDW WKH 306, ZDV QRW VSHFLILF HQRXJK LQ LGHQWLI LQJ + ,V

%RX]ELG HW DO FRQILUPHG WKHVH REVHUYDWLRQV DUJXLQJ WKDW WKH XVH RI 306, LQ + , VWXGLHV GLG

QRW LPSURYH VHQVLWLYLW EXW WKH KLJKOLJKWHG WKH DGYDQWDJH RI XVLQJ PXOWLSOH H[LVWLQJ GDWD

V VWHPV WR LPSURYH GHWHFWLRQ DQG PRQLWRULQJ RI + ,V

,Q *HUELHU HW DO FRQGXFWHG DQ H[WHQVLYH VHQVLWLYLW DQG VSHFLILFLW DQDO VLV XVLQJ YDULRXV

GLDJQRVWLF FRGHV IRU 66, DQG ,&8 + ,V LQ WKH GDWDEDVH DQG FRPSDULQJ WKHP WR ODE FRQILUPHG

VXUYHLOODQFH GDWD *HUELHU HW DO XVHG SDWLHQW GLVFKDUJH VXPPDULHV IURP WKH 306, WR GHWHFW

QRVRFRPLDO LQIHFWLRQV LQ WKH 8QLYHUVLW +RVSLWDO RI / RQ LQ DQG IRU WKH LGHQWLILFDWLRQ

LQ VXUJHU LQWHQVLYH FDUH DQG REVWHWULF XQLWV 7KH DXWKRUV FRPSDUHG WKH 306, GDWD WR D JROG

VWDQGDUG E GRLQJ D V VWHPDWLF UHYLHZ RI SDWLHQW ILOHV IRU WKRVH FODVVLILHG XQGHU VXUJHU WKH

&SLDV &&OLQ 6RXWKZHVW VXUYHLOODQFH QHWZRUN IRU ,&8 SDWLHQWV DQG D FRPELQDWLRQ RI

VXUYHLOODQFH GDWD IURP &SLDV &&OLQ DQG SDWLHQW LQIRUPDWLRQ GDWD IRU REVWHWULFV 7KH ,&'

FRGHV WKDW ZHUH HYDOXDWHG ZHUH WKRVH UHFRPPHQGHG E WKH VXUYHLOODQFH QHWZRUN )RU 66,V WKH

DXWKRUV DOVR WHVWHG WKH LPSDFW RI H[SDQGLQJ WKH FRGHV RI SRWHQWLDO 66,V LQ WKH GDWDEDVH WR DVVHVV

WKH SHUIRUPDQFH RI WKHVH FRGHV RQ WKH VHQVLWLYLW DQG VSHFLILFLW GGLWLRQDO FRGHV WR WKRVH

UHFRPPHQGHG E WKH VXUYHLOODQFH V VWHP IRU WKH ,&8 DQG REVWHWULF XQLWV ZHUH QRW HYDOXDWHG

VXPPDU RI WKH UHVXOWV IURP WKH *HUELHU HW DO VWXG DUH VKRZQ LQ 7DEOH

7DEOH 3HUIRUPD FH RI , FDVH GHWHFWLR L 306, GDWDEDVH E HUELHU HW DO
8 LW W SH D G , VLWHV 6H VLWLYLW &, 6SHFLILFLW &,
6XUJLFDO XQLW ZLWK OLPLWHG ,&'
FRGHV IRU 66,V
6XUJLFDO XQLW ZLWK DGGLWLRQDO ,&'

FRGHV IRU 66,V
,&8 DOO VLWHV
2EVWHWULFV DOO VLWHV



7KH DGGLWLRQDO FRGHV IRU 66, GHWHFWLRQ ZHUH DEOH WR LPSURYH WKH VHQVLWLYLW IURP WR

KRZHYHU WKH VSHFLILFLW UHGXFHG IURP WR 7KH DXWKRUV IRXQG LQ DQRWKHU

VWXG WKDW WKH VHQVLWLYLW DQG VSHFLILFLW RI 66,V LPSURYHG WR D VHQVLWLYLW RI DQG VSHFLILFLW

RI ZKHQ WKH 306, ZDV XVHG LQ FRPELQDWLRQ ZLWK RWKHU VWUDWHJLHV

2WKHU DXWKRUV HYDOXDWHG WKH DELOLW RI WKH 306, WR GHWHFW 056 LQ FRPSDULVRQ WR GDWD IURP

QDWLRQDO VXUYHLOODQFH QHWZRUN DQG IRXQG WKDW WKH LQFLGHQFH GHQVLW PHDVXUHG E WKH QDWLRQDO

VXUYHLOODQFH QHWZRUN ZDV KLJKHU WKDQ WKH 056 GHQVLW FDOFXODWHG XVLQJ WKH 306,

GDWDEDVHV FDVH FRQWURO VWXG DVVHVVHG WKH HIILFDF RI 306, DV D URXWLQH VXUYHLOODQFH

V VWHP IRU GHWHFWLQJ KLS RU NQHH DUWKURSODVW –UHODWHG LQIHFWLRQV DQG IRXQG WKDW WKH 306, ZDV

XVHIXO IRU ORZ ULVN VXUJHU DQG XQGHU FHUWDLQ FRQGLWLRQV ZKHQ DQ DSSURSULDWH DOJRULWKP IRU

VHOHFWLQJ LQIHFWLRQV ZDV XVHG FURVV VHFWLRQDO VWXG HYDOXDWLQJ WKH SRVLWLYH SUHGLFWLYH

YDOXHV RI LQIHFWLRQ FRGHV DV UHDVRQ IRU KRVSLWDOL]DWLRQ LQ IRXQG D 339 IRU SULPDU

GLDJQRVHV DQG 339 RI IRU UHODWHG GLDJQRVLV IRU DOO LQIHFWLRQV LQFOXGLQJ VRPH RI WKRVH

FODVVLILHG DV VHQVLWLYH DQG VSHFLILF WR + ,V LQ WKH *HUELHU HW DO VWXG

OWKRXJK WKH GLG QRW PHHW WKH FULWHULD IRU WKH UHYLHZ )RXUTXHW HW DO FRQGXFWHG D IHDVLELOLW

VWXG RI WKH 306, RQ + , GHWHFWLRQ LQ )RXUTXHW HW DO DUJXHG WKDW WKH 306, ZDV QRW

VXLWDEOH IRU HSLGHPLRORJLFDO VWXGLHV RQ + ,V GXH WR WKH IDFW WKDW WKH WZR FULWHULD IRU + ,V DQ

LQIHFWLRQ DEVHQW GXULQJ DGPLVVLRQ WKDW DSSHDUV DW OHDVW KRXUV DIWHU DGPLVVLRQ DQG GDWH RI WKH

PHGLFDO SURFHGXUHV ZHUH DEVHQW LQ WKH GDWDEDVH ,Q DGGLWLRQ WKH ,&' < FRGH ZDV KDUGO

XVHG DW WKH WLPH DQG GLG QRW KDYH DQ LPSDFW RQ WKH '5*V +RZHYHU WKH IRXQG WKDW LW ZDV D

XVHIXO WRRO LQ WKDW LW KDV H[LVWHG IRU PDQ HDUV ZDV UHDGLO DYDLODEOH DQG SURYLGHG H[KDXVWLYH

GDWD 7KH DXWKRUV DOVR FRPSLOHG D OLVW RI + , UHODWHG FRGHV LQ DGGLWLRQ WR WKH ,&' < FRGH

UHFRPPHQGHG IRU EHWWHU GHWHFWLRQ RI + ,V LQ WKH GDWDEDVH WKDW ZDV FRPSOHPHQWHG E WKH

*HUELHU HW DO VWXG 2WKHU VWXGLHV DOVR HYDOXDWHG WKH 306, IRU LWV GLDJQRVWLF DFFXUDF

LQFOXGHG VWXGLHV RQ WXEHUFXORVLV DQG HQFHSKDOLWLV EXW ZHUH QRW LQFOXGHG LQ WKH

UHYLHZ

6HYHUDO FRQFOXVLRQV FDQ EH PDGH DERXW WKH DELOLW RI WKH 306, WR GHWHFW + ,V IURP WKLV UHYLHZ

DOWKRXJK WKH 306, ODFNV SUHFLVH PHGLFDO LQIRUPDWLRQ RQ + ,V VXFK DV WKH UHFRUGHG GDWH RI + ,

HYHQWV DQG VRXUFH RI LQIHFWLRQ LW GRHV KDYH WKH DGYDQWDJH RI SURYLGLQJ LPPHGLDWHO DYDLODEOH

GDWD IURP WKH FRXUVH RI PDQ HDUV RI UHSRUWLQJ DQG SURYLGHV D GHWDLOHG DFFRXQW RI KRVSLWDO

VWD V WKH SHUIRUPDQFH RI WKH 306, LQ WHUPV RI VHQVLWLYLW VSHFLILFLW 339 DQG 139 WR GHWHFW

HLWKHU DOO LQIHFWLRQV RU KLS RU NQHH DUWKURSODVW –UHODWHG LQIHFWLRQV KDV EHHQ VKRZQ WR EH UREXVW

ZKHn using the studies’ algorithms KRZHYHU WKH SHUIRUPDQFH RI WKH 306, WR



GHWHFW + ,V ZDV VXIILFLHQW RQO ZKHQ LQYHVWLJDWRUV FRPSLOHG D PRUH FRPSUHKHQVLYH OLVW RI

GLDJQRVHV VLQFH WKH < FRGH GLG QRW KDYH UREXVW VHQVLWLYLW DQG VSHFLILFLW DORQH ,Q

DGGLWLRQ LQ VRPH VWXGLHV WKH DGGHG YDOXH RI WKH 306, ZDV RQO REVHUYHG ZKHQ LW ZDV FRPELQHG

ZLWK RWKHU VWUDWHJLHV RI + , GHWHFWLRQ VXFK DV WKH QDWLRQDO VXUYHLOODQFH V VWHP GDWD

,W VKRXOG EH QRWHG WKDW WKH 306, GRHV QRW QHFHVVDULO FRYHU DV PSWRPDWLF FDUULDJH RI FRPPRQ

+ , SDWKRJHQV ,Q DGGLWLRQ GLVFKDUJHG SDWLHQWV LQLWLDOO GLDJQRVHG ZLWK DQ + , PD KDYH EHHQ

FOHDUHG RI WKHLU LQIHFWLRQ EHIRUH EHLQJ WUDQVIHUUHG 7KHUHIRUH WKH 306, ZDV IRXQG WR SURYLGH D

ODUJH VHW RI GDWD WKDW FRXOG FRQWULEXWH WR WKH EHWWHU XQGHUVWDQGLQJ RI WKH HSLGHPLRORJ RI FHUWDLQ

+ ,V KRZHYHU IRU WKH PRVW UREXVW DVVHVVPHQW RI + ,V LQ WKH GDWDEDVH D PRUH FRPSUHKHQVLYH

DOJRULWKP RI + , VHQVLWLYH DQG VSHFLILF GLDJQRVHV VKRXOG EH DSSOLHG DQG OLPLWDWLRQV FRQFHUQLQJ

XQGHWHFWHG SDWKRJHQ FDUULDJH VKRXOG EH FRQVLGHUHG



&KDSWHU 6HFRQG DUWLFOH – QDO VLV RI WKH )UHQFK KHDOWKFDUH QHWZRUNV

6XPPDU
,Q UHFHQW HDUV WKH XWLOLW RI UHFRQVWUXFWLQJ QDWLRQDO KHDOWKFDUH QHWZRUNV LQ RUGHU WR EHWWHU

LQIRUP KHDOWKFDUH SDWKRJHQV DQG 0'52 VSUHDG G QDPLFV DQG LQIHFWLRQ FRQWURO SUDFWLFHV KDV

EHHQ GHPRQVWUDWHG 7KHVH VWXGLHV KDYH SRLQWHG WR WKH DGYDQWDJHV XVLQJ KHDOWKFDUH

QHWZRUNV WR LGHQWLI KHDOWKFDUH IDFLOLWLHV LQ RUGHU WR GHYHORS PRUH HIIHFWLYH LQIHFWLRQ FRQWURO

SROLF 6RPH H[DPSOHV LQFOXGH GHYHORSLQJ PRUH HIIHFWLYH VHQWLQHO VXUYHLOODQFH V VWHPV

LPSURYLQJ FRRUGLQDWHG UHJLRQDO FRQWURO HIIRUWV DQG LGHQWLI LQJ KRVSLWDO FRPPXQLWLHV DQG

KRVSLWDOV WKDW FRQQHFW SDWLHQWV DQG 0'52V WKDW DUH JHRJUDSKLFDOO GLVWDQW IURP RQH DQRWKHU

+RZHYHU VWXGLHV RI QDWLRQDO KHDOWKFDUH QHWZRUNV KDYH UHOLHG RQ WKH JHQHUDO SDWLHQW SRSXODWLRQ

LQ RUGHU WR LQIRUP WKHLU PDWKHPDWLFDO PRGHOV RI SDWKRJHQ VSUHDG 7KHVH PRGHOV PD KDYH

RYHUORRNHG WKH VSHFLILFLWLHV RI SDWLHQWV ZKR PD EH DW KLJKHU ULVN RI DFTXLULQJ KHDOWKFDUH VHWWLQJ

SDWKRJHQV DQG ZKRVH WUDQVIHU SDWWHUQV PD GLIIHU IURP WKDW RI WKH JHQHUDO SDWLHQW SRSXODWLRQ

7KHUHIRUH RXU REMHFWLYH ZDV WR DVVHVV WKH SRWHQWLDO GLIIHUHQFHV EHWZHHQ D JHQHUDO SDWLHQW

KHDOWKFDUH QHWZRUN DQG D KHDOWKFDUH QHWZRUN RI + , GLDJQRVHG SDWLHQWV LQ )UDQFH 7KXV WR

EHWWHU XQGHUVWDQG KRZ WR UHGXFH WKH SRWHQWLDO VFDOH RI + , HSLGHPLF VSUHDG ZH H[SORUHG SDWLHQW

WUDQVIHU SDWWHUQV XVLQJ WKH 306, GDWDEDVH RI DOO KRVSLWDO GLVFKDUJH VXPPDULHV LQ )UDQFH IRU WKH

HDU :H FRQVWUXFWHG DQG DQDO VHG WKUHH SDWLHQW WUDQVIHU QHWZRUNV WUDQVIHUV RI

SDWLHQWV ZLWK D + , RI SDWLHQWV ZLWK D VXVSHFWHG + , DQG RI DOO SDWLHQWV

:H IRXQG WKDW DOO WKUHH QHWZRUNV KDG KHWHURJHQHRXV SDWLHQW IORZ DQG GHPRQVWUDWH VPDOO ZRUOG

DQG VFDOH IUHH FKDUDFWHULVWLFV PHDQLQJ WKDW D VPDOO QXPEHU RI XQLYHUVLW KRVSLWDOV KDG YHU KLJK

FRQQHFWLYLW WR RWKHU KHDOWKFDUH IDFLOLWLHV LQ )UDQFH DQG WKDW WKHRUHWLFDOO SDWLHQWV UHTXLUHG RQ

WZR WR WKUHH WUDQVIHUV LQ RUGHU WR EH DGPLWWHG WR DQ KRVSLWDO LQ )UDQFH 3DWLHQW SRSXODWLRQV WKDW

FRPSULVHG WKHVH QHWZRUNV ZHUH DOVR KHWHURJHQHRXV LQ WKHLU PRYHPHQW SDWWHUQV 5DQNLQJ RI

KRVSLWDOV E FHQWUDOLW PHDVXUHV FRPSDULQJ FRPPXQLW FOXVWHULQJ XVLQJ FRPPXQLW GHWHFWLRQ

DOJRULWKPV DQG FRPSDULQJ the networks to a “null model” of UDQGRP KHDOWKFDUH QHWZRUNV

VKRZHG WKDW GHVSLWH WKH GLIIHUHQFHV LQ SDWLHQW SRSXODWLRQ WKH + , VSHFLILF DQG VXVSHFWHG + ,

QHWZRUNV UHOLHG RQ WKH VDPH XQGHUO LQJ VWUXFWXUH DV WKDW RI WKH JHQHUDO QHWZRUN :H ZHUH DEOH

WR LGHQWLI WUDQVIHU SDWWHUQV DW ERWK WKH )UHQFK UHJLRQDO DQG VXE UHJLRQDO OHYHOV WKDW FRXOG EH

LPSRUWDQW LQ WKH LGHQWLILFDWLRQ RI NH KHDOWKFDUH IDFLOLW FOXVWHUV WKDW PD VHUYH DV D EDVLV IRU

QRYHO ZLGH VFDOH LQIHFWLRQ FRQWURO VWUDWHJLHV ,Q FRQFOXVLRQ RXU VWXG IRXQG WKDW WKH JHQHUDO

QHWZRUN ZDV SRWHQWLDOO PRUH UHOLDEOH LQ VWXG LQJ SRWHQWLDO VSUHDG RI SDWKRJHQV VLQFH WKH

VWUXFWXUH RI WKH QHWZRUN GLG QRW GLIIHU VLJQLILFDQWO IURP WKH + , QHWZRUNV
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Abstract

Hospital-acquired infections (HAIs), including emerging multi-drug resistant organisms,

threaten healthcare systems worldwide. Efficient containment measures of HAIs must mobi-

lize the entire healthcare network. Thus, to best understand how to reduce the potential

scale of HAI epidemic spread, we explore patient transfer patterns in the French healthcare

system. Using an exhaustive database of all hospital discharge summaries in France in

2014, we construct and analyze three patient networks based on the following: transfers of

patients with HAI (HAI-specific network); patients with suspected HAI (suspected-HAI net-

work); and all patients (general network). All three networks have heterogeneous patient

flow and demonstrate small-world and scale-free characteristics. Patient populations that

comprise these networks are also heterogeneous in their movement patterns. Ranking of

hospitals by centrality measures and comparing community clustering using community

detection algorithms shows that despite the differences in patient population, the HAI-spe-

cific and suspected-HAI networks rely on the same underlying structure as that of the gen-

eral network. As a result, the general network may be more reliable in studying potential

spread of HAIs. Finally, we identify transfer patterns at both the French regional and de-

partmental (county) levels that are important in the identification of key hospital centers,

patient flow trajectories, and regional clusters that may serve as a basis for novel wide-scale

infection control strategies.

Author summary

Hospital-acquired infections (HAIs), including emerging multi-drug resistant organisms,

threaten healthcare systems worldwide. Efficient containment measures of HAIs must

mobilize the entire healthcare network. Thus, to best understand how to reduce the scale

of potential HAI epidemic spread, we explore patient transfer patterns in the French

healthcare system. We construct and compare the characteristics of three different patient
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transfer networks based on data on transfers of patients with diagnosed HAIs, suspected

HAIs, or of all patients. Our analyses show that these healthcare networks, the patient

populations that comprise them and the patient movement patterns are heterogeneous

and centralized. Despite the differences in patient populations, the HAI-specific and sus-

pected-HAI healthcare networks have the same underlying structure as that of the general

healthcare network. We identify key hospital centers, patient flow trajectories, at both the

regional and department (county) level that may serve as a basis for proposing novel

wide-scale infection control strategies.

Introduction

The emergence and spread of multi-drug resistant organisms threatens healthcare systems

worldwide.[1] This is particularly true concerning methicillin-resistant Staphylococcus aureus,

vancomycin-resistant enterococci, and multi-resistant gram-negative bacteria such as carbape-

nemase-producing Enterobacteriaceae (CPE). Spread of CPE is now a global public health

problem associated with patient transfers between healthcare facilities within the same country

as well as across national borders, as shown in many recent studies.[2–7]

In recent years, patient transfer or referral data has been used to construct “healthcare net-

works” to propose innovative approaches for hospital infection prevention and control.

Healthcare networks are cooperative healthcare systems where hospitals and other healthcare

centers are linked by shared patients through secondary transfers or referral.[8, 9] Rather than

being exclusive to one sole hospital, as Ciccolini et al. argue, the extent of hospital-acquired

infection (HAI) spread is dependent on the healthcare network connected by inter-institu-

tional patient transfers.[8] Heterogeneous hospital patient populations and the interactions

that occur between them and with the community are important in the understanding of the

spatial spread of HAI between hospitals across geographic regions.[9]

As early as 2007, studies applied more complex social network analysis approaches to

reconstructed healthcare networks in order to demonstrate that infection control measures

that take into account network properties can decrease the risk for outbreaks.[8, 10] Lee et al.

consider network properties to assess the individual influence of different hospitals and the

impact of hospital proximities on HAI spread on a regional scale.[11] Many studies show that

healthcare networks display a community structure.[8, 12–14] Network analysis is especially

effective in the identification of sensor hospitals for surveillance of HAIs.[15, 16] In addition,

mathematical models of healthcare networks may serve to inform decision-makers on

enhanced coordinated regional and national approaches to infection control strategies, in a

context where increasingly centralized healthcare systems favor the spread of HAIs.[8, 15, 17]

Although national healthcare networks are informative regarding novel HAI control strate-

gies, the impact of reconstructing these networks based on a general patient population rather

than a HAI-diagnosed patient population has rarely been addressed. In this study, we assess and

compare French healthcare networks based on either patients diagnosed with HAIs or the gen-

eral patient population, in order to better understand the potential implications in terms of HAI

spread predictions. To that aim, we perform social network analyses to describe the different

patient flow patterns, network topology characteristics, and community clustering structure.

Results

We analyzed and compared three different networks built using transfer data from an exhaus-

tive database of all hospital discharge summaries in France in 2014: (1) a network based on

Spread of HAIs: A comparison of healthcare networks
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transfers of patients with diagnosed HAI (HAI-specific network); (2) a network based on

transfers of patients with suspected HAI (suspected-HAI network); and (3) the network of all

patient transfers (general network).

Characteristics of healthcare networks

More than 10 million hospital transfers were recorded in France in 2014, for a total of 2.3 mil-

lion transferred patients, creating a hospital network of 2063 hospitals (nodes) and 50026

patient trajectories (edges) linking them (Table 1). Patients with a HAI-specific diagnosis cre-

ated a healthcare network of 1266 hospitals and 3722 connections for 13627 patient transfers.

A larger population of patients suspected to have an HAI infection formed a healthcare net-

work of 1975 hospitals and 18812 connections for a total of 128681 patient transfers. With the

increasing number of patient transfers, the networks increased from an average 5.88, 19.05,

and 48.05 average connections per hospital (average degree !k) and an average 2.31, 4.92 to

14.02 transfers per connection (average strength !s) for the HAI-specific, suspected-HAI, and

general healthcare networks respectively (Table 1).

Overall, the three networks displayed “scale-free” and “small-world” characteristics that

indicated the presence of a small number of very highly connected hospitals with high degrees,

referred to as “hubs.” Analyses of the degree, strength, and shortest path length distributions

in addition to the small-world characteristics of the healthcare networks are discussed in S1–

S3 Texts and S1–S7 Figs. Compared to random networks, we also showed the general network

was more clustered and efficient in transferring patients (S4 Text, S1 Table). We identified sev-

eral high degree hospitals in all three networks with a consistent outlier–the Assistance Publi-

que—Hôpitaux de Paris (AP-HP)–a conglomerate of 39 hospitals predominately in Paris and

the Ile-de-France region represented as one hospital code in our database.[18] AP-HP also

acted as the most important intermediary hospital system in the networks due to having the

highest betweenness centrality measure.

Table 1. Networks characteristics of the French healthcare networks.

Network Characteristics General Network Suspected-HAI Network HAI-Specific Network

Patients 2300728 394859 21279

Patient Transfers 1033239 128681 13627

Hospitals 2063 1975 1266

Patient Trajectories* 50026 18812 3722

Average EdgeWeight** 14.02 4.92 2.31

Average Degree*** 48.50 19.05 5.88

Average In-Degree 24.25 9.53 2.94

Average Out-Degree 24.25 9.53 2.94

Average Betweenness*** 5292.32 6338.81 3824.91

Average Edge Betweenness 301.27 852.23 1556.94

Average Closeness*** 0.00016 0.000074 0.000032

Diameter 30 64 47

Average Path Length 2.99 3.63 5.23

Global Clustering Coefficient 0.23 0.16 0.08

Density 0.012 0.005 0.002

* Also referred to as edges, they represent the sum number of connections between the hospitals

** The average number of patients per trajectory

*** Measures of node (or hospital) centrality

https://doi.org/10.1371/journal.pcbi.1005666.t001

Spread of HAIs: A comparison of healthcare networks
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The hospitals involved in the patient transfers recorded in the three networks were of vari-

ous types, including private rehabilitation and postoperative care facilities, acute-care hospitals

or clinics, and hospital centers (Table 2). However, the majority of hubs, defined as the top 5%

of hospitals by their degree, were large hospitals providing both acute and postoperative or

rehabilitation care (67%, 65%, and 88% in the general, suspected-HAI, and HAI-specific net-

works respectively). In addition, in the general and suspected-HAI networks, hubs were mostly

acute-care hospitals or clinics, hospital centers, or university hospitals centers, with many con-

centrated in the Ile-de-France, Marseille, and Lyon metropoles (31%, 33%, 28%, and 32%,

28%, 30% respectively). In contrast, university hospital centers rather than acute-care facilities

dominated the hub hospitals of the HAI-specific network, representing 48% of hubs (Table 2).

The hub university healthcare centers, which provided highly specialized services, included the

AP-HP, Hospices Civils de Lyon, and the Assistance Publique—Hôpitaux de Marseille

(AP-HM); among them there were also university hospitals of other major cities in France.

To better understand the role of hub hospitals across the networks, the shared hospitals

between the networks were ranked based on their degree, closeness, and betweenness (Fig 1).

Table 2. Healthcare facility types among the general, suspected-HAI, and HAI-specific networks and their hub hospitals.

Health Facility Type General Suspected-HAI HAI-Specific

All facilities Among
hubs*
(N = 103)

All facilities Among
hubs*
(N = 99)

All facilities Among
hubs*
(N = 63)

Type
1**

SSR*** 38.00% 0.97% 37.22% 2.02% 35.31% 1.69%

MCO**** & SSR 36.74% 66.99% 38.13% 64.65% 44.63% 88.14%

MCO 25.25% 32.04% 24.66% 33.33% 20.06% 10.17%

Type 2† Private hospitals authorized to provide SSR
services

30.63% 0 29.90% 1.03% 30.76% 1.72%

Acute-care hospitals or clinics 28.72% 30.69% 28.83% 31.96% 25.04% 5.17%

Hospital centers 23.50% 32.67% 24.44% 27.84% 30.29% 31.03%

Local hospitals 10.75% 0 10.77% 0 6.76% 0

University hospital centers†† 1.47% 27.72% 1.53% 29.90% 2.38% 48.28%

Nursing home 1.27% 0.99% 1.22% 0 1.35% 0

Cancer centers 0.93% 3.96% 0.97% 4.12% 1.27% 3.45%

Other health facilities practicing under the
healthcare law

0.59% 0 0.56% 2.06% 0.48% 1.72%

Armed forces hospitals 0.44% 2.97% 0.46% 3.09% 0.72% 8.62%

Long-term care hospitals 0.39% 0.99% 0.41% 0 0.24% 0

Other facilities for mental health 0.39% 0 0.26% 0 0.08% 0

Medical homes for handicapped adults 0.34% 0 0.26% 0 0.32% 0

Hospital centers specialized in mental health 0.24% 0 0.10% 0 0.08% 0

Home care facilities 0.20% 0 0.15% 0 0.16% 0

Outpatient dialysis centers 0.10% 0 0.10% 0 0 0

Home care or outpatient care for the handicapped 0.05% 0 0.05% 0 0.08% 0

The percent of different health facilities in the networks by Type 1 and Type 2 classification are given.

* Hubs are defined as facilities that comprise the top 5% of facilities by degree

** Type 1 refers to categorization of the general activities performed in the facility

*** SSR = postoperative and rehabilitation care (soins de suite et de réadaptation)

**** MCO =medical, surgery, and/or obstetrics care (médecine—chirurgie—obstétrique)
† Type 2 refers to the categorization of the facilities by hospital type or specialized services
†† Often referred to as regional hospital centers (centre hospitalier régionale)

https://doi.org/10.1371/journal.pcbi.1005666.t002

Spread of HAIs: A comparison of healthcare networks
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Fig 1. Hospital rankings by degree, betweenness, and closeness across the networks. Hospitals in the HAI-specific network (HAISN)
(n = 1266), suspected-HAI network (SHAIN) (n = 1975), and general network (GN) (n = 2063) are displayed vertically and plotted against their
ranking by degree, betweenness, and closeness centrality measures (top row). Only the hospitals shared between the HAISN and GN or the SHAIN

Spread of HAIs: A comparison of healthcare networks
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Overall, when comparing the degree, betweenness, and closeness, the hospital rankings did

not differ between the complete set of 1266 HAI-specific network hospitals and these same

hospitals in the general network (p = 0.81, p = 1, p = 0.99 respectively, Wilcoxon rank sum

test), or between the 1975 suspected-HAI network hospitals and the same hospitals in the gen-

eral network (p = 0.99, p = 1, p = 0.99, Wilcoxon rank sum test). For comparison and illustra-

tion purposes, we showed that random rankings for degree, betweenness, and closeness of all

hospitals differed significantly between patient specific networks and the general network

(p< 0.05 respectively, Wilcoxon rank sum test) (Fig 1).

Suspecting that the differences between rankings might exist between subsets of hospitals,

we tested the differences between rankings on an increasing subset of shared hospitals, starting

with the highest rank, adding the next ranked hospital, and testing for significant differences.

As a result, we determined the range of hospital rankings across the networks where the rank-

ings significantly differed. We defined significant differences as Wilcoxon rank sum test p-val-

ues under the 5% alpha risk which we represent as a grey area in Fig 1. Distributions of these

p-values are provided in S8 and S9 Figs. For the HAI-specific network, the range of statistically

significant degree ranking differences were observed between the 24th ranked hospital to the

1159th ranking hospital. For the suspected-HAI network, statistically significant degree rank-

ing differences were observed between the 405th ranked hospital to the 1078th ranked hospital.

For hospital rankings based on betweenness and closeness centrality measures, the hospitals

ranked with highest and lowest centralities in the general network were also the hospitals

ranked with highest and lowest centralities ranking in the HAI-specific and suspected-HAI

networks. Even though hospital rankings of all hospitals did not differ, the majority did differ

for betweenness ranks between the 33rd highest ranking to the 1183rd ranking in the HAI-spe-

cific network and the 71st highest ranking to the 1757th ranking in the suspected-HAI network

(p< 0.05, Wilcoxon rank sum test). Closeness rankings differences were observed for almost

all rankings after the first 3 rankings in the HAI-specific network and after the first 6 in the

suspected-HAI network. The lack of statistically significant differences for the highest rankings

may have been only due to insufficient power and for lowest hospital rankings due to a series

of repeating small closeness values. With this method, we highlight that differences do exist for

subsets of hospitals, but we also observe that the most highly connected hub hospitals were

consistently highly connected across the networks, irrespective of the different patient popula-

tion that connected them.

What community structures in patient sharing are observed?

To further assess patient movement patterns in the networks, we investigated how our health-

care networks displayed “community” or hospital clustering structure. We compared hospital

communities detected with two different community clustering algorithms: 1) the Greedy

algorithm [19] that selected members of the communities to maximize the density of links

between vertices as it reconstructed the network one vertex at a time and 2) the Map Equation

algorithm [20], based on network structure-induced movement using a flow-based and infor-

mation-theoretic method, detecting communities by measuring probability flows by taking

into consideration the directionality and weight of the edges. In general, we detected fewer

and GN were linked. The color gradient refers to the hospital ranking for each centrality measure and the line colors correspond to the rankings of the
hospitals in the GN.We tested the differences in rankings byWilcoxon rank sum test of an increasing subset of hospital degrees starting from the
highest rank and adding each consecutive rank and retesting. The grey area represents the range where the HAISN or SHAIN differed from the
general network hospital rankings. We chose rankings at random for the hospital degrees, betweenness, and closeness centrality measures for
comparison (bottom row). All random rankings were statistically different across the centrality measures between the HAISN and GN and the SHAIN
and GN shared hospitals.

https://doi.org/10.1371/journal.pcbi.1005666.g001
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communities with the Greedy algorithm given that it seeks to maximize modularity–a value

that measures the density of links inside communities by comparing the fraction of edges

within the communities to the fraction in a random network; a maximum value of 1 corre-

sponds to a network structure with the highest strength possible–as a result, the algorithm

searched for the repartitions that maximized the density of the edges.[21–23] The Greedy algo-

rithm considered pairwise interactions and the formation of the network whereas the Map

Equation considered the interdependence of links and the dynamics of an already formed

network.

For each network, we calculated the modularity, the number of communities, community

size, and average community clustering distance using the Greedy and Map Equation commu-

nity detection algorithms (Table 3). For each community, the pairwise clustering distance was

calculated as the average geographic distance between all pairs of hospitals of the same com-

munity in kilometers. Compared to the general healthcare network, the patient-specific net-

works had more communities. In the HAI-specific network, there were on average 35.17

hospitals per community (SD = 44.31) and 31.40 kilometers between pairs of hospitals in the

same community (SD = 25.60 km). In the larger networks, the larger community sizes resulted

in a higher average distance between community hospitals (41.60 km (SD = 34.71) and 39.01

km (SD = 45.63) for the suspected-HAI and general healthcare network respectively). For the

Map Equation-based communities, as the number of communities decreased from the HAI-

specific to suspected-HAI to the general healthcare network, the average community size and

average community distance between hospitals of the same community increased (Table 3).

Overall, the suspected-HAI network was more similar to the general network than the HAI-

specific network in terms of community structure (S5 Text).

The regional community clustering using the Greedy algorithm in the three networks are

represented in Fig 2. The hospitals in communities were geo-localized, color-coded, and

labelled across the networks according to the administrative region(s) they encompassed. We

observed that the Greedy-based communities accurately reflected the French regional admin-

istrative structure (Fig 2). The identified community clusters formed hospitals communities in

which most of the patients were shared between hospitals of the same region frequently cen-

tralized towards the hub acute-care centers, university hospital centers, and general hospital

Table 3. Community clustering distance.

General Network Suspected-HAI Network HAI-Specific Network

Map Equation algorithm

Modularity 0.764 0.716 0.698

Number of communities 132 160 193

Average community size 15.63 12.34 6.56

Average community clustering distance (km) 30.51 23.63 22.86

Greedy algorithm

Modularity 0.863 0.847 0.830

Number of communities 18 21 36

Average community size 114.61 94.05 35.17

Average community clustering distance (km) 39.01 41.60 31.40

Two community detection algorithms were used to assess community clustering for each network, both of which take into account weighted graphs. The

Greedy algorithm, developed by Clauset et al.[19] optimized modularity; however, it applied only to non-directed graphs. The Map Equation[20] algorithm

applied to directed graphs and detects communities based network structure-induced movement using a flow-based and information-theoretic method.

Average community size refers to the average number of hospitals within a detected community. For each community, the clustering distance in kilometers

was calculated as the average geographic distance between pairs of hospitals of the same community.

https://doi.org/10.1371/journal.pcbi.1005666.t003
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centers. On the other hand, the Map Equation-based communities displayed geographic com-

munity clustering at the French “departmental” or county level–the administrative division

between the administrative region and the municipalities, similar to “counties” or “districts”;

Fig 2. Regional clustering of communities detected with greedy algorithm.Network hospitals and patient trajectories of the
healthcare network in France of (a) the general healthcare network, (b) the suspected-HAI healthcare network, and (c) the HAI-specific
healthcare network. In the general healthcare network, 18 communities were detected by the community clustering algorithm. Four of
the 18 communities identified by the algorithm combine hospitals from two regions each, such that the 22 geographical regions are
mapped into 18 communities. The original 22 French metropolitan regions before they were reformed to 13 regions implemented in 2016
are shown to correspond to the 2014 data. For the HAI-specific and suspected-HAI networks, the algorithm detected a higher number of
communities (36 and 21 communities respectively). The communities, which overlapped the same regional communities in the general
network, were given the same color and the newly detected communities were given different colors.

https://doi.org/10.1371/journal.pcbi.1005666.g002
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of which 96 departmental divisions are present in continental France. The vast majority of

these departmental-level community clusters were acute-care centers followed by university

hospitals centers and long-term care facilities.

What are the patterns of patient transfer between communities?

To further understand the community structure, we constructed intercommunity networks by

combining patient flows between hospitals of the same community and across communities.

The Greedy-based intercommunity network was composed of 18 nodes representing the sum

of all patient transfers that occurred between hospitals of each community with 306 regional

transfer trajectories (Fig 3A). Out of the 22 French metropolitan regions in 2014, 4 pairs of 8

metropolitan regions were combined in this intercommunity network (Picardie and Cham-

pagne-Ardenne, Auvergne and Limousin, Aquitaine and Poitou-Charentes, and Bourgogne

and Franche-Comté). The network was completely connected. All regional communities were

connected to one another with an average of 4590 patients moving within these intercommu-

nity trajectories over the year. Certain trajectories played a larger role in patient movement,

notably Ile-de-France which admitted the largest number of patients from neighboring regions

Picardie and Champagne-Ardenne (4772 transfers) and Centre (3205 transfers) where health-

care hubs were most concentrated. The subsequent largest traffic came from the Rhone-Alpes,

the second largest regional center around the city of Lyon, which discharged patients to its

neighboring regions (1482 transfers to neighboring Bourgogne and Franche-Comté and

1342 transfers to neighboring Provence-Alps respectively). Nonetheless, the greatest amount

of transfers (93%) occurred within the communities themselves on average with up to 98%

of transfers occurring within Ile-De France for instance. Although most of these transfers

occurred within the communities, the regions remained highly interconnected and certain tra-

jectories played an important role in the interregional and nation-wide movement of patients

in France.

Fig 3. The intercommunity networks of patient transfers. (a) The intercommunity network from the 18 detected general patient
network Greedy-based communities named based on the Frenchmetropolitan regions they encompass. Edge size and color indicate the
source community and number of patients discharged. (b) The intercommunity network from 113 Map Equation communities detected in
the general network. The nodes of the networks represent the geographical center of hospitals within the shared community.

https://doi.org/10.1371/journal.pcbi.1005666.g003
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Building the intercommunity network where community affiliation was determined by the

Map Equation algorithm allowed us to consider communities based on the directionality of

patient flow, which was overlooked by the Greedy algorithm. The intercommunity network

was composed of 113 community nodes with 3215 trajectories with an average degree of 57

and an average of 2597 patients moving between these connections (Fig 3B). Map Equation-

based intercommunity communities demonstrated more comprehensive department-level

patient flow. Communities were composed of hospitals from many different departments

within and across regions; however, the majority of communities were of hospitals within the

same department where most of the patient exchange occurred. Concerning the most impor-

tant transfer routes with the highest traffic, discharged patients coming from many neighbor-

ing departments were preferentially going to hospitals in one or a few number of departments,

indicating that there was interdepartmental centralization of patient movement. For example,

a community composed of 200 hospitals from 9 Ile-de-France departments sent the largest

number of transfers (3137 patients) to 28 hospitals of which 24 were from one department

(Val-d’Oise). In exchange, this 28-hospital community sent back 2772 patients to the larger

community. Overall, patient transfers in Map-Equation communities displayed departmental

clustering, but also demonstrated asymmetric movements of patients, concentrating towards

small communities of hospitals usually in one department, illustrating the different nature of

the communities.

Patient sharing patterns and community clustering in the networks were also analyzed

based on patient age groups in which new communities were identified (S6 Text, S10–S12

Figs). Moreover, analysis of monthly temporal dynamics of the networks showed that monthly

communities may be less clustered and patients may not visit all of the hospitals each month

but they still retained the same regional patient sharing patterns seen in the annual network

(S7 Text).

Do HAI-diagnosed patients have specific transfer flows in the healthcare
network?

Having assessed the role of hospitals, hospital communities, and patient trajectories in each

network, we considered if the differences in the patient-specific networks and the general net-

works are due to the number of patient transfers that could lead to structural differences

between the specific patient population flows. We first compared the general patient network

to two sets of 1000 networks built from a subset of randomly chosen patients: in the first set we

selected the same number of patients as the HAI-specific network (21276 patients) at random

and in the second set the same number as in the suspected-HAI network (394859 patients) at

random 1000 times and reconstructed each network. Overall, both sets of random patient net-

works (RP) were smaller in size compared the general network in terms of the number of

nodes, edges, edge weight, and as a result average degree (Table 4). In addition, most of the

diameters and all average path lengths were larger in the RP networks. The diameters and path

lengths of the RP networks are skewed and not normally distributed (p< 0.001, Shapiro-Wilk

normality test). As a result, the number of patients used to reconstruct the networks did have

an impact of network characteristics.

We then compared the characteristics of the HAI-specific and suspected-HAI networks to

the RP networks with the same number of patients to assess if HAI patients modified network

structure differently than other patients. Overall, the RP networks were larger than their HAI-

specific and suspected-HAI healthcare networks analogues meaning that HAI patients were

transferred to fewer hospitals than other patients (Table 4). However despite these differences,

for some networks measures such as diameter, average path length, and global clustering

Spread of HAIs: A comparison of healthcare networks
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coefficient, there was less of a difference between the RP networks and the HAI networks than

the RP networks and the general network. For example, 63% of suspected-HAI-like RP net-

works had a diameter equal to or less than that of the suspected-HAI network (64) while 1.9%

of these networks had a diameter equal to or less than that of the general network (30). The

average diameter (61.59) and the average path lengths (3.78) of these RP networks approached

more of that of the suspected-HAI network than the general network. Thus having controlled

for the number of patients and thus the size of the network, the differences observed between

the suspected-HAI and the general network diameter and average path length may have been

due to the suspected-HAI network being a subset of the healthcare network rather than due to

differences between HAI patient transfer patterns and non-HAI patient transfers.

Discussion

In this study we show that the French healthcare networks have heterogeneous patient flows,

demonstrate characteristics of small-world and scale-free networks, and are characterized with

highly centralized movement of patients towards hub hospital centers. Hub hospitals are char-

acterized as university hospitals and private hospitals in the large metropoles that dominate

patient flow. The healthcare networks displayed two-level community clustering: regional

community clustering reflecting the French administrative structure, and department or

county-level clustering. Certain patient transfer trajectories play a more important role in

transferring patients between the regional and departmental communities. Despite differences

in the patient population and size, both the HAI-specific and suspected-HAI specific health-

care networks seem to rely on the same underlying structure as that of the general healthcare

network.

Due to weak sensitivity and specificity of the PMSI database to detect nosocomial infections

with the sole ICD-10 Y95 diagnostic, the HAI-specific network is not reliable in demonstrating

Table 4. Network characteristics of the randompatient networks.

Network Topology
Measures

General
Network (GN)

Suspected-HAI
Network (SHAIN)

1000 Suspected-HAI-like
RP networks

HAI-Specific Network
(HAISN)

1000 HAI-Specific-like RP
networks

Mean %!
GN

%!
SHAIN

Mean %!
GN

%!
HAISN

Nodes 2063 1975 2032 100% 0% 1266 1583 100% 0%

Edges 50026 18812 22139 100% 0% 3722 3882 100% 0.3%

Average EdgeWeight 14.02 4.92 5.43 100% 0% 2.31 1.62 100% 100%

Average Degree 48.50 19.05 21.79 100% 0% 5.88 4.91 100% 100%

Diameter 30 64 61.59 1.9% 63.0% 47 36.27 7.0% 98.8%

Average Path Length 2.99 3.63 3.78 0% 0% 5.23 8.24 0% 0%

Global Clustering
Coefficient

0.23 0.16 0.19 100% 0% 0.08 0.09 100% 2.7%

Density 0.012 0.005 0.005 100% 0% 0.002 0.0016 100% 100%

Average Edge
Betweenness

301 852 796 0% 100% 1557 2384 0% 0%

Average Total
Closeness

1.6E-4 7.4E-5 1E-3 100% 11.5% 3.2E-5 1.7E-5 100% 100%

Comparison of the healthcare network topology measures with the average measures of 1000 simulated random patient (RP) networks that were

composed of the same number of patients as the patient-specific healthcare network. The proportion of network measures equal to and less than the

general network and the proportion equal to and less than the patient-specific network measures are shown in percent %. Note: “E” refers to the E-notation

for the scientific notation of “×10” followed by the power.

https://doi.org/10.1371/journal.pcbi.1005666.t004
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the real patient movement patterns for those infected with an HAI.[24–28] There was no con-

firmation if an infection was absent during admission and if an infection appeared during the

first 48 hours of their stay. We suspect that the degree ranking differences and the low percent

of acute-care facilities, notably private hospitals, in the HAI-specific network may be due to

differences in coding practicing among hospitals rather than the epidemiology of HAIs. The

suspected-HAI network reflects a standardized list of diagnoses used by the French HAI sur-

veillance network which has been shown to be more specific and sensitive at detecting patients

with HAIs.[28, 29] Having considered the network size differences in the patient-specific net-

works and the general network, we show that despite the differences in size of the patient pop-

ulation, both the HAI-specific and suspected-HAI specific healthcare networks seem to rely on

the same underlying structure as that of the general healthcare network. Indeed, patient-spe-

cific networks are a subset of the general patient network and are subject to the same network

dynamics.

Public university hospital centers and private hospitals in the main metropoles of France

dominate patient flow. A study conducted in the Bourgogne region of France has shown that

patient flow was centered towards the university hospital that admitted patients from the entire

region and based on the regional proximity of the patients’ residence and patients also sought

care in two of the closest main healthcare hubs for specialized care (Paris or Lyon).[30] Highly

connected hospitals may harbor more MRSA and MRSA bacteremia cases and may have the

most potential to transmit HAIs in the entire network.[12, 13, 31, 32] HAIs may spread at a

higher rate than expected at random due to the centralization of patient movement and due to

the small average number of transfers required for patients to move throughout the network.

A 2012 point prevalence study has shown that HAIs are most prevalent in cancers centers, uni-

versity hospitals, and armed forces.[33] HAI prevalence was high in the Ile-de-France region

which has many hubs, and the north-eastern regions which were not reflected by a higher

number of transfers in the patient specific.[33] Albeit some difference in prevalence and

patient transfer patterns, hubs should be proposed as targets for sentinel surveillance in addi-

tion to priority targets of HAI control strategies where HAI is most prevalent to achieve the

most effective reduction in transmission across the country.[15]

Regional community clustering patterns as a form of network connectedness are also im-

portant in the development of strategies for coordinated HAI control.[8, 13] Our regional com-

munity clustering findings are consistent with that of the healthcare network of England in

which communities tend to share more patients among clusters of hospitals in addition to

patient flows centered towards a university hospital within the community.[13] Important inter-

mediary trajectories may play a key role in the spread of HAI between hub hospitals and between

communities. A study has shown that modifying the number of patients moving between com-

munities may reduce the spread of MRSA.[34] Furthermore, we demonstrated that a two-tier

hospital community exists. Depending on the clustering algorithm used, we identified clustering

of healthcare communities at the regional level, consistent with the French administrative

regions, and department-level communities and inter-departmental hospital clusters that took

into account the directionality of patient flow. Coordinated department-level control such as

screening of patients based on the identification of key department-level cluster admissions may

be the first line of defense against HAI spread within the regions before spread reaches the hub

university hospitals. We identified differences between department-level communities of the sus-

pected-HAI and the general network that were overlooked at the regional community level. This

may be important in distinguishing hospitals with higher potential to harbor HAI patients, with

possible consequences in terms of HAI spread prediction.

Studies have proposed reducing hospital connectedness in order to reduce the risk of epi-

demic spread of HAI in networks.[13, 35] Decentralization of the healthcare system and more
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specifically human resource and specialized health services towards the regional and depart-

ment levels may help reduce the high connectedness of hubs in the metropole centers and redi-

rect patient transfers. France has moved towards regionalization strategies with the creation of

regional hospital agencies, albeit not very effective.[36, 37] In addition, the number of univer-

sity hospitals may be insufficient, below that of the UK, a country with a similar population

size. We recommend increasing the number facilities providing specialized services and dis-

tributing them at the local level to help redirect patient flow and potentially avoid large-scale

HAI dispersal.

We considered temporal dynamics, masked in a network constructed with data for the

entire year of 2014, in which observed that monthly healthcare networks were smaller and dis-

played less centralized patient flow; hence, infection control strategies–for short-term control–

should rely more on the local department-level dynamics to minimize hospital-level outbreaks

and transmission to neighboring hospitals. In the long term, regional community dynamics

may give us clues regarding the gradual propagation of specific HAI pathogens over time

assuming HAI carriage patterns follow that of patient flow patterns in the healthcare networks.

Further studies are required to assess the temporal dynamics of HAI spread in networks to

identify any potential seasonality patterns of flow and how to prevent emerging multi-drug

resistant bacteria from becoming endemic.

Our study was subject to certain limitations which should be considered. Many of the uni-

versity hospitals represent more than one public hospital or healthcare facility due to sharing

the same identification number. For example, the largest outlier hub in Paris (AP-HP) repre-

sented 39 hospitals, 12 hospitals and 2 specialized health facilities constituted Hospices Civils

de Lyon, 9 hospitals make up the university hospital of Toulouse, and 4 hospitals make up the

APHM of Marseille. Consequently, university hospital centers accommodated a larger patient

population than hospital centers or local hospitals, influencing the network characteristics,

which may have led us to overestimate the specific patient movement patterns to and from

these centers. However, the high concentration of other hospitals especially hub private hospi-

tal centers, armed forces hospitals, cancer centers, psychiatric hospitals, and private post-oper-

ative and rehabilitation centers within proximity of these public hospital hubs demonstrates

that despite this, major cities such as Paris play the most important role in connecting patients

in the national network and that the French healthcare network is a highly centralized system.

The healthcare networks did not include patient flow from private nursing homes that have

been shown to play an important role in HAI spread.[38–42] Without private nursing homes

included in our study, our results only describe the network topology of hospital patient popu-

lations which may be both younger, have shorter duration stay, and may spread HAI differ-

ently than the complete nursing home population. As a result, transmission dynamics in our

networks may over or underestimate average hospital centrality measures, the volume of

patient movements, and the speed at which HAI can spread.

By considering all HAIs as a whole, our networks and recommendations reflect action for a

broad spectrum of HAIs; however, one should consider that specific HAIs can vary in terms of

carriage and transmission patterns. In addition, recommendations based on our networks

would overlook the potential exposure to community-acquired infections, although these may

later spread in hospital settings, leading to healthcare-associated outbreaks. Future studies

should consider all potential components of patient exposure to both community-associated

and healthcare-associated infections and account for individual exposure histories to these

infections.

Despite these limitations, our study provides a first description and analysis of the health-

care networks in France. The identified characteristics and community structures may greatly

improve future inter-hospital HAI control strategies. The general patient network responds
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best to informing regional control strategies targeting key patient trajectories and hub hospital

centers. We show that the scale-free structure, the number of communities, and their distribu-

tion over the country remain qualitatively similar across all networks and that patient-specific

networks rely on the underlying structure of the general patient network. Future studies

should take into consideration network topology in the prediction of HAI spread and should

consider the potential impact of different community definitions for multi-level infection con-

trol strategies.

Methods

Materials

The Programme de Médicalisation des Systèmes d’information (PMSI) database, a compre-

hensive French medico-administrative database of hospital activity and patient discharge

information, is used to construct the hospital networks.[24, 25] The PMSI database has been

used for epidemiological and medical research regarding HAIs.[24–28, 43] A lack of sufficient

specificity and sensitivity of the PMSI to detect HAIs is highlighted in these studies. Compari-

son between laboratory data and hospital data shows that the PMSI has limited coverage of

detecting nosocomial conditions.[25–28]

Hence, Gerbier et al. [28] use patient discharge summaries from the PMSI to detect nosoco-

mial infections in the University Hospital of Lyon in 2006 and 2007 for the identification of

HAIs in surgery, intensive care and obstetric units. They compare the PMSI data to a gold

standard by systematic review of patient files for those classified under surgery, the Centre de

Coordination de la Lutte contre les Infections Nosocomiales (CClin) Southwest surveillance

network for ICU patients, and a combination of surveillance data from CClin and patient

information data for obstetrics. The list of ICD-10 codes related to nosocomial conditions,

which we entitle “suspected-HAIs,” can be found in S1 Annex. Gerbier et al. find a sensitivity

and specificity for case identification of nosocomial infections to be 26.3% (95% CI 13.2–42.1)

and 99.5% (95% 98.8–100.0) for the identification of surgical site infections (78.9% and 65.7%

by expanding the number of diagnostic codes) respectively; 48.8% (95% CI 42.6–55.0) and

78.4% (95% CI 76.1–80.1) in intensive care respectively, and 42.9% (95% CI 25.0–60.7) and

87.3% (95% CI 85.2–89.3) for identification of postpartum infections respectively.[28]

Inclusion and exclusion criteria

Using patient transfer data from 2014, three healthcare networks are reconstructed based on

the following criteria:

▪ All patient transfers (non-specific diagnoses)

▪ Patient transfers with the ICD-10 code of Y95 (for nosocomial conditions or HAI) as their

principal, related, or associated diagnosis in the medical, surgery, obstetric hospitals

(MCO) and postoperative and rehabilitation centers (SSR)

▪ Patient transfers identified with all possible and suspected cases of HAIs in the surgical,

intensive care, and obstetric wards in 2014, by referencing the diagnoses with known speci-

ficities and sensitivities listed in Gerbier et al. publication[28] with supplementary informa-

tion from other publications.[24–26]

Only direct transfers of patients who are discharged from a hospital and sent to another in

another jurisdiction (“transfer”) or those who are discharged from one medical unit and move

to another in the same hospital jurisdiction (“mutation”) are included. The hospital discharge

summaries reflected the overall hospital stay of patients and a single diagnosis made them
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eligible without specification if it occurred during admission or at discharge. Patients who are

discharged to their residence or deceased in a hospital are excluded. Patients hospitalized in

non-continental European departments are also excluded.

Construction of patient transfer network matrices

First, the networks of hospitals and healthcare centers are re-built in silico using patient trans-

fer data to model the potential movement of patients with HAIs from one hospital to another.

In the PMSI database, each patient discharge summary contains information on the hospital

facility of stay. Each hospital facility is identified by its unique FINESS number (Fichier

National des Etablissements Sanitaires et Sociaux).[44] For this study, the FINESS and stay

number of each patient discharge summary are used to merge two PMSI databases: one for

acute-care and one for long-term care hospitals. Each patient stay is also numbered by order of

stay across different hospitals. To create the logical sequence of patient movement, we sort

each discharge summary: by patient ID and patient stay number for all observations.

The adjacency matrix [21], a graph of N nodes and E edges can be described by its’ N × N

adjacency matrix A defined as:

Aij ¼

(

¼ 1 if i and j are connected

¼ 0 otherwise

In our patient transfer network, nodes (N) are defined as hospitals and edges (E) as the patient tra-

jectories that connect hospitals. We computed origin i and target j hospitals for each patient stay

by assessing if for each discharge the patient entered the hospital i as a transfer or mutation and

left hospital i as a transfer or mutation. The same is computed for each j hospital. Using the

iGraph package for R statistical software, we create the adjacency matrix of all i and j hospitals,

including i and j if i did not transfer out any patients but received them and vice versa for j.[45]

We also compute the number of patients moving between hospitals i and j, as wij. The sum

of the edge weights of the adjacent edges, the weight strength, is given by:

swi ¼
X

j2GðiÞ

wij

in which Γ(i) is the set of neighbor hospitals of i.[21] Edge weights represent the number of

patients within the trajectories between two healthcare facilities.

To identify the most important hospitals of a network, a series of centrality measures are

calculated. The degree of a hospital, k, is the number of hospitals one hospital is connected to

through its patient trajectories [21] defined as:

ki ¼
X

j

Aij

The average degree of a network[21] is given by:

hki ¼
1

N

X

i

ki ¼
2E

N

In addition, Aij is a directed graph in which the directionality of patient transfers from one

hospital to another is taken into account. Consequently, we can calculate the indegree (deg-)

and outdegree (deg+) of any given node in which the degree sum formula is given by:
X

n2N

degþðnÞ ¼
X

n2N

deg&ðnÞ ¼ jEj
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Betweenness centrality measures the importance of hospital acting as an intermediary between

other hospitals defined as:

g ið Þ ¼
X

s6¼t

sstðiÞ

sst

Where betweenness centrality g(i) is equal to the sum of the σst the number of shortest paths

going from s to t through hospital imeasuring the importance of hospital i to the organization

of flow in the network.[21] The same measure is calculated for patient trajectories defined as:

g eð Þ ¼
X

e2E

sstðeÞ

sst

where edge betweenness centrality g(e) is equal to the sum of the σst the number of shortest

paths going from s to t through edge emeasuring the importance of edge e to the organization

of flow in the network.[21]

Community clustering

Two community detection algorithms are used to assess community clustering for each net-

work, which both take into account weighted graphs.[45] A common measure of the quality of

partitions of a network into communities of densely connected nodes is modularity. Modularity

is a scalar value between the vales of -1 and 1 that measures the density of links inside communi-

ties compared to links between them.[21, 22] The modularity and different communities of our

network are defined using a community detection algorithm. The Greedy algorithm developed

by Clauset et al.[19] optimizes modularity as the algorithm relies on network formation and as a

result, computes a smaller range of communities as modularity approaches 1; however, the

Greedy algorithm does not take into account edge directionality and we detect communities for

undirected graphs of the healthcare networks. On the other hand, the Map equation algorithm

developed by Rosvall et al. detects communities based on patterns of flow and takes into account

edge directionality and the directed graphs are assessed.[20] This algorithm detects communi-

ties based on network structure and how it influences the system’s behavior.

Based on the community partitioning for each network, the mean geographic distance

between hospitals of the same community is measured. To geo-localize hospitals, we used public

government data on French hospital facilities and postal code addresses (https://www.data.gouv.

fr/). Using an online batch geocoding server (http://www.findlatitudeandlongitude.com/), the

hospitals’ addresses were converted to latitude and longitude coordinates. A distance matrix was

calculated using the haversine formula to measure great-circle distances between all hospitals.[46]

Two intercommunity matrices were developed to assess patient sharing between different

communities 1) Greedy algorithm-based communities 2) Map Equation-based communities.

Based on the algorithm, each hospital node is assigned a community number. A matrix sum-

ming the individual hospitals transfers for hospitals that share the same community is con-

structed and converted into a directed graph. In addition, the mean latitude and longitude are

calculated for each community from individual geocodes of the member hospitals. For the

Map Equation intercommunity network, the Greedy algorithm is applied to identify the num-

ber of communities present when modularity is maximized.

Ranking of hospitals

Hospitals were ranked by their degree, betweenness, and closeness centrality measures for each

network. When the centrality measures were equal, we replaced the rankings by the mean

Spread of HAIs: A comparison of healthcare networks
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rankings. We tested the differences between rankings on an increasing subset of shared hospitals

with theWilcoxon rank sum test. The test was conducted as follows: starting with the highest

ranked hospital in the general network, adding the next ranked general network hospital, and test-

ing for significant differences between the general network rank and either the HAI-specific or

suspected-HAI network rank of the same hospital until we compared all shared hospitals. As a

result, we determined the thresholds where hospital rankings across the networks start to signifi-

cantly differ which was defined asWilcoxon rank sum test p-values under the 5% alpha risk.

Random patient networks

To compare the networks between each other, we built 1000 random patients networks from the

general network. We selected the same number of patients as either the HAI (21276 patients) or

suspected HAI networks (394859 patients) from the general patient network at random and

reconstructed these networks using their hospital discharge summaries. We calculated various

network measures and the proportion of random patient networks that had values greater than,

equal to, or less than the general patient network and the respective patient-specific networks.

Supporting information

S1 Annex. All transfer patients considered as suspected to have a hospital-acquired infec-

tion.

(PDF)

S1 Text. Power-law behavior: average strength s(k) as a function of degree k.

(PDF)

S2 Text. Power-law, log-normal, and Poisson distribution goodness-of-fit tests

(PDF)

S3 Text. “Small-world” network characteristics
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S4 Text. Comparison with Erdos-Renyi random networks.

(PDF)

S5 Text. How do the communities vary across the networks?

(PDF)

S6 Text. Does the general healthcare network change with the age of the patients?

(PDF)

S7 Text. What are the temporal dynamics of the general healthcare network?.

(PDF)

S1 Fig. Average strength and degree distribution of the general network. The degree k rep-

resents the number of hospital connections of each hospital in the general network and the

average strength s(k) stands for the number of patient transfers as a function of degree. The

number of patient transfers and number of hospital connections were highly positively corre-

lated (r = 0.91). The best-fitting power law model was s(k) = k1.51 (dashed line). The curves

for s(k) = k (dotted line) and s(k) = 10'k (dash-dot line) are shown for comparison.

(PDF)

S2 Fig. Average strength and degree distribution of the suspected-HAI network. Distribu-

tion of hospital connections k of each hospital in the suspected-HAI network and the average

strength s(k) or number of patient transfers as a function of degree. The number of patient
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transfers and number of hospital connections were highly positively correlated (r = 0.95). The

best-fitting power law model was s(k) = k1.36 (dashed line). The curves for s(k) = k (dotted

line) and s(k) = 10'k (dash-dot line) are shown for comparison.

(PDF)

S3 Fig. Average strength and degree distribution of the HAI-specific network. Distribution

of hospital connections k of each hospital in the HAI-specific network and the average strength

s(k) or number of patient transfers as a function of degree. The number of patient transfers

and number of hospital connections were highly positively correlated (r = 0.99). The best-fit-

ting power law model was s(k) = k1.26 (dashed line). The curves for s(k) = k (dotted line) and

s(k) = 10'k (dash-dot line) are shown for comparison.

(PDF)

S4 Fig. Cumulative distribution functions and fit for degree and strength distribution of the

general, suspected-HAI, and HAI-specific network. Cumulative distribution functions of degree

k (top left) and strength s (bottom left) for the general network, suspected-HAI network (top cen-

ter, bottom center), and HAI-specific network (top right, bottom right). Fitted power-law (red),

log-normal (green), and Poisson (blue) distributions are shown when: x-min for degree = 77 and

strength = 1191 in the general network; x-min for degree = 20 and strength = 119 in the sus-

pected-HAI network; and x-min for degree = 7 and strength = 32 in the HAI-specific network.

(PDF)

S5 Fig. Cumulative distribution functions and fit for indegree and instrength distribution

of the general, suspected-HAI, and HAI-specific network. The cumulative distribution func-

tions of k- indegree for the general network (top left) and s- instrength (bottom left), sus-

pected-HAI networks (top center, bottom center), and HAI-specific network (top right,

bottom right). Fitted power-law (red), log-normal (green), and Poisson (blue) distributions

are shown when: x-min for indegree = 36 and instrength = 698 in the general network; x-min

for indegree = 13 and instrength = 131 in the suspected-HAI network; and x-min for inde-

gree = 5 and instrength = 18 in the HAI-specific network. Power-law and log-normal had

good fit for indegree and instrength in the three networks (KS-statistic p-values> 0.15) with

the exception of log-normal distribution of indegree in the general and suspected-HAI net-

work (KS-statistic p-value< 0.04). Poisson distribution was not a good fit for indegree and

instrength in all networks (KS-statistic p-value< 0.0001).

(PDF)

S6 Fig. Cumulative distribution functions and fit for outdegree and outstrength distribu-

tion of the general, suspected-HAI, and HAI-specific network. The cumulative distribution

functions of k+ outdegree for the general network (top left) and s+ outstrength (bottom left),

suspected-HAI networks (top center, bottom center), and HAI-specific network (top right,

bottom right). Fitted power-law (red), log-normal (green), and Poisson (blue) distributions

are shown when: x-min for outdegree = 101 and outstrength = 1102 in the general network; x-

min for outdegree = 27 and outstrength = 70 in the suspected-HAI network; and x-min for

outdegree = 7 and outstrength = 3 in the HAI-specific network. Only power-law distribution

had a good fit for both outdegree and outstrength (KS-statistic p-values> 0.41) while log-nor-

mal distribution was only a good fit for the HAI-specific network (KS-statistic p-value = 0.15).

(PDF)

S7 Fig. Shortest path length distributions in the networks. The length of the shortest paths

or steps between any two nodes in the networks are calculated and plotted by their frequency.

(PDF)
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S8 Fig. Distributions of p-values of hospital rank subsets using the Wilcoxon rank sum test

in the HAI-specific network compared to the general network hospital ranks.

(PDF)

S9 Fig. Distributions of p-values of hospital rank subsets using the Wilcoxon rank sum test

in the suspected-HAI network compared to the general network hospital ranks.

(PDF)

S10 Fig. Healthcare networks by age for all patients.Healthcare networks for all transferred

patients (a) aged 18 and younger (b) aged 18 to 60 (c) older than 60 years old. Greedy commu-

nities were colored by the corresponding general network community regions with additional

community color if not present for (a) 23 communities in which 3 were black (<5 hospitals)

(b) 17 communities in which 1 was black (<5 hospitals) (c) 29 communities in which 14 were

black (<5 hospitals).

(PDF)

S11 Fig. Healthcare networks by age for suspected-HAI patients.Healthcare networks for

all transferred patients (a) aged 18 and younger (b) aged 18 to 60 (c) older than 60 years old.

We detected a total number of Greedy-based communities for each age network (a) 22 total

and 19 with over 2 hospitals from a network of 1894 hospitals and 11234 edges (b) 30 total

with 17 with over 2 hospitals from a network of 1559 hospitals and 5423 edges (c) 29 total with

14 with over 2 hospitals per community from a network of 218 hospitals and 318 trajectories.

(PDF)

S12 Fig. Healthcare networks by age for HAI-specific patients.Healthcare networks for all

transferred patients (a) aged 18 and younger (b) aged 18 to 60 (c) older than 60 years old. Net-

work communities are detected using the Greedy algorithm and colored according to commu-

nity membership for (a) 1143 hospitals and 2260 edges with 50 total communities with only 28

composed of more than 5 hospitals (b) 603 hospitals and 593 edges with 41 total communities

and 19 with over 5 hospitals (c) 44 hospitals and 33 edges, 18 total communities, 2 communi-

ties with more than 5 hospitals, and 9 communities with more than 2 hospitals.

(PDF)

S1 Table. Network characteristics of the Erdos-Renyi random networks. Comparison of the

healthcare network topology measures with the average measures of 100 simulated Erdos-

Renyi (ER) networks that are parameterized with same number of nodes, edges, and Poisson-

distributed average edge weight. For each measure, a t-test is conducted to compare the differ-

ence between the health network value and the average values of the ER networks with given

95% confidence intervals and p-values.

(PDF)
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Writing – review & editing: Narimane Nekkab, Laura Temime, Pascal Crépey.
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S1 Annex. All Transfer Patients Considered as Suspected to have a Hospital-Acquired 

Infection 

Suspected-HAI patients are identified by the presence of at least one of the following 

International Classification of Diseases, ICD-10 codes at the principal, related, or associated 

diagnosis surveyed by the PMSI database [24, 28]: 

Nosocomial condition: Y95 

Surgical site infection: T814, T815, T816, T826, T827, T835, T836, T845, T846, T847, T857, 

O860  

Extensive infection: T813, T818, T888, T889, K316, K603, K604, K605, K632, K823, K833, 

N360, N823, Z090, Z094, Z097, Z098, Z099, Z480, Z488, Z489, R50, R500, R501, R09, A40, 

A400, A401, A402, A403, A408, A409, A41, A410, A411, A412, A413, A414, A415, A418, A419, 

A427, T874 

Pneumonia: J10-, J11-, J12-, J13-, J14-, J15-, J16-, J17-, J18-  

Urinary infection: N300, N34-, N390, O862, O863, T835  

Bacteremia: A021, A207, A217, A227, A241, A267, A280, A327, A392, A393, A394, A40-, A41-, 

A427, A483, A499, A548, B007, B377, O080, O753, O85, P3600, P3610, P3620, P3630, P3640, 

P3650, P3680, P3690  

Endometritis: N710, N719, N72, O235, O85  

Breast infection: O91-  

Uncategorized infections: O861, O864, O868 



S1 Fig. Average Strength and Degree Distribution of the General Network 

S1 Fig. The degree k represents the number of hospital connections of each hospital in the 
general network and the a erage strength s(k) stands for the number of patient transfers as a 
function of degree. The number of patient transfers and number of hospital connections were 
highly positi ely correlated (r = 0.91). The best-fitting power law model was s(k)=k1.51 (dashed 
line). The cur es for s(k)=k (dotted line) and s(k)=10*k (dash-dot line) are shown for 
comparison. 

 



S1 Table. Network Characteristics of the Erdos-Renyi Random Networks 

 
HAI-S2(c,),c 
N(5813- 

100 HAI-S2(c,),c-.,-( E  
0(5813-4 

S642(c5(d-HAI 
N(5813- 

100 S642(c5(d-HAI-.,-( E  
0(5813-4 

G(0(3a. 
N(5813- 

100 G(0(3a. N(5813--.,-( 
0(5813-4 

Network Topology 
Measures Va.6( M(a0 95% CI 

P-
7a.6( Va.6( M(a0 95% CI 

P-
7a.6( Va.6( M(a0 95% CI 

P-
7a.6( 

A7(3ag( D(g3(( 5.88 5.88 5.88-5.88 1 19.05 19.05 
19.05-
19.05 1 48.50 48.50 

48.50-
48.50 1 

D,am(5(3 47 37.31 36.64-37.98 <0.001 64 27.83 
27.43-
28.23 <0.001 30 49.87 

49.69-
50.05 <0.001 

A7(3ag( Pa5h 
L(0g5h 5.23 6.55 6.54-6.56 <0.001 3.63 3.618 

3.618-
3.619 <0.001 2.99 2.735 

2.735-
2.735 <0.001 

G.1%a. C.645(3,0g 
C1()),c,(05 0.08 0.0047 

0.0045-
0.0048 <0.001 0.16 0.0096 

0.0095-
0.0097 <0.001 0.23 0.02337 

0.02334-
0.0234 <0.001 

D(04,59 0.002 0.002 0.002-0.002 1 0.005 0.0048 1975-1975 1 0.012 0.012 
0.012-
0.012 1 

A7(3ag( Edg( 
B(58((00(44 1556.94 3143.72 

3128.89-
3158.55 <0.001 852.23 989.39 

988.07-
990.70 <0.001 301.27 252.81 

252.75-
252.88 <0.001 

 

A7(3ag( T15a. 
C.14(0(44 3.2(-5 9.3(-5 

8.9(-5-9.7(-
5 <0.001 7.4(-5 5.8(-5 

5.79(-5-
5.81(-5 <0.001 1.6(-4 1.89(-5 

1.89(-5-
1.90(-5 <0.001 

S1 Table. C1m2a3,410 1) 5h( h(a.5hca3( 0(5813- 5121.1g9 m(a463(4 8,5h 5h( a7(3ag( m(a463(4 1) 100 4,m6.a5(d E3d14- (09, (E ) 0(5813-4 5ha5 
a3( 2a3am(5(3,z(d 8,5h 4am( 06m%(3 1) 01d(4, (dg(4, a0d P1,4410-d,453,%65(d a7(3ag( (dg( 8(,gh5. F13 (ach m(a463(, a 5-5(45 ,4 c10d6c5(d 51 
c1m2a3( 5h( d,))(3(0c( %(58((0 5h( h(a.5h 0(5813- 7a.6( a0d 5h( a7(3ag( 7a.6(4 1) 5h( E  0(5813-4 8,5h g,7(0 95% c10),d(0c( ,05(37a.4 a0d 2-
7a.6(4. 

 



S1 Te t. Power-Law Behavior: Average Strength s(k) as a Function of Degree k 

T/ be33e1 4.de123a.d 3)e )ea58 3ai,ed be)a5i/1 i. 3)e .e36/1k2, 6e 0,/33ed a5e1a(e 

0a3ie.3 31a.2fe12 a.d )/20i3a, c/..ec3ed.e22 /1 de(1ee 42i.( 3)e f/,,/6i.( f/1-4,a (i5e. b8 

Ba11a3 e3 a,.1: 

 

T)e (e.e1a, )ea,3)ca1e .e36/1k’2 a5e1a(e 231e.(3) (i5e. a2 a f4.c3i/. /f de(1ee k, s(k), 5a1ied 

6i3) a 0/6e1 β /f 1.51 (S1 Fi().  F/1 3)e 2420ec3ed-HAI .e36/1k2 a.d 3)e HAI-20ecific .e36/1k 

a5e1a(e 231e.(3) 5a1ie2 b8 a 0/6e1 /f 1.36 a.d 1.26 a2 a f4.c3i/. /f de(1ee 1e20ec3i5e,8 (S2 Fi(, 

S3 Fi(). T)e1ef/1e, i. 3)e2e )ea,3)ca1e .e36/1k2, 3)e .4-be1 /f 0a3ie.32 31a.2fe11ed b8 a )/20i3a, 

i.c1ea2ed a3 a )i()e1 1a3e 3)a. 3)a3 /f 3)e )/20i3a,’2 c/..ec3i/.2 a.d 6a2 -/23 )i() i. 3)e (e.e1a, 

.e36/1k.  

 

                                                        
1 Ba11a3 A, Ba13)e,e-8 M, Pa23/1-Sa3/11a2 R, Ve20i(.a.i A. T)e a1c)i3ec341e /f c/-0,e7 6ei()3ed 
.e36/1k2. P1/c Na3, Acad Sci   S A. 2004;101(11):3747-52. d/i: 10.1073/0.a2.0400087101. P4bMed 
PMID: 15007165; P4bMed Ce.31a, PMCID: PMCPMC374315. 



S2 Fig. Average Strength and Degree Distribution of the Suspected-HAI Network 

S2 Fig.  Distributi n  f h spital c nnecti ns k  f each h spital in the suspected-HAI netw rk and 
the average strength s(k)  r number  f patient transfers as a functi n  f degree. The number  f 
patient transfers and number  f h spital c nnecti ns were highl( p sitivel( c rrelated (r = 0.95). 
The best-fitting p wer law m del was s(k)=k1.36 (dashed line). The curves f r s(k)=k (d tted line) 
and s(k)=10*k (dash-d t line) are sh wn f r c mparis n. 

 



S2 Text. Power-Law, Log-Normal, and Poisson Distribution Goodness-Of-Fit Tests 

P9w0; 6,w /4<=;4->=498 91 /02;00 4< , 50B .3,;,.=0;4<=4. 91 E<.,60-1;00F 80=w9;5<, 48 w34.3 

, <7,66 8>7-0; 91 89/0< ,;0 34236B .9880.=0/.1,2 +0 /0<.;4-0/ =30 /4<=;4->=498 91 =30 /02;00 ,8/ 

<=;082=3 91 9>; /4;0.=0/ 30,6=3.,;0 80=w9;5< ,8/ =0<=0/ =30 14= 91 =30 (1) :9w0;-6,w, (2) 692-

89;7,6, ,8/ (3) P94<<98 /4<=;4->=498< =9 =30 /,=, (S4 F42). )<482 , 299/80<< 91 14= =0<= v4, , 

-99=<=;,::482 :;9.0/>;0, w0 19>8/ =3,= =30 :9w0; 6,w /4<=;4->=498< 3,/ 299/ 14= 19; /02;00 48 ,66 

=3;00 30,6=3.,;0 80=w9;5< (K967929;9v-S74;8911 (KS) <=,=4<=4. :-v,6>0< > 0.07) 0v4/08.482 =3,= 

=30B 48/00/ /4<:6,B0/ <.,60-1;00 .3,;,.=0;4<=4.<. (30 :9w0; 6,w /4<=;4->=498< 19; <=;082=3 3,/ 

299/ 14= 48 ,66 =3;00 80=w9;5< ,< w066 (KS <=,=4<=4. :-v,6>0< > 0.2). L92-89;7,6 /4<=;4->=498 w,< 

,6<9 , 299/ 14= 19; /02;00 48 =30 =3;00 80=w9;5< (KS <=,=4<=4. :-v,6>0< > 0.27), ,< w066 ,< 19; 

<=;082=3 48 =30 2080;,6 ,8/ HA -<:0.414. 80=w9;5<, ->= 89= 48 =30 <><:0.=0/-HA  80=w9;5 (KS 

<=,=4<=4. :-v,6>0< = 0.02). F48,66B, P94<<98 /4<=;4->=498 w,< 89= , 299/ 14= 19; 04=30; /02;00 9; 

<=;082=3 48 ,66 =3;00 80=w9;5<, /0798<=;,=482 =3,= =30 30,6=3.,;0 80=w9;5< w0;0 30=0;920809><6B 

/4<=;4->=0/ (KS <=,=4<=4. :-v,6>0< < 0.001 19; ,66).  

G99/80<< 91 14= =0<=< w0;0 ,6<9 :0;19;70/ 19; /4<=;4->=498< 19; 5- 48/02;00, 5+ 9>=/02;00, 

<- 48<=;082=3 ,8/ <+ 9>=<=;082=3, <39w482 <4746,; ;0<>6=< (S5 F42, S6 F42).  8 ,//4=498, =30 ,v0;,20 

<=;082=3 ,< , 1>8.=498 91 /02;00 ,6<9 0A34-4=0/ , :9w0;-6,w -03,v49;, w4=3 34230; :9w0; 48 =30 

2080;,6 30,6=3.,;0 80=w9;5, 19669w0/ -B =30 <><:0.=0/-HA  80=w9;5, ,8/ HA -<:0.414. 80=w9;5 

(S1 (0A=, S1 F42, S2 F42, ,8/ S3 F42). (30;019;0, ,66 =3;00 30,6=3.,;0 80=w9;5< /4<:6,B0/ <.,60-

1;00 :;9:0;=40< w4=3 , 6474=0/ 8>7-0; 91 34236B .9880.=0/ E3>-F 39<:4=,6<. 

 

                                                        
1 B,;;,= A, B,;=30607B M, P,<=9;-S,=9;;,< R, V0<:428,84 A. (30 ,;.34=0.=>;0 91 .97:60A w0423=0/ 
80=w9;5<. P;9. N,=6 A.,/ S.4 ) S A. 2004;101(11):3747-52. /94: 10.1073/:8,<.0400087101. P>-M0/ 
PM D: 15007165; P>-M0/ C08=;,6 PMC D: PMCPMC374315. 
2 B,;,-C<4 A-L, A6-0;= R. E70;208.0 91 S.,6482 48 R,8/97 N0=w9;5<. 1999. /94: 
10.1126/<.408.0.286.5439.509. 



S3 Fig. Average Strength and Degree Distribution of the HAI-Specific Network 

S3 Fig.  Distribution of hos ital connections k of each hos ital in the HAI-s ecifc network and 
the average strength s(k) or number of  atient transfers as a function of degree. The number of 
 atient transfers and number of hos ital connections were highly  ositively correlated (r = 0.99). 
The best-fitting  ower law model was s(k)=k1.26 (dashed line). The curves for s(k)=k (dotted line) 
and s(k)=10*k (dash-dot line) are shown for com arison. 

 



S3 Text. “Small-world” network characteristics 

I3 'dd/9/43 94 '88e88/3- 9.e 8)'1e-,7ee 5745e79/e8 4, 9.e 3e9w4708, we '88e88ed 9.e “82'11-

w471dA ).'7')9e7/89/)8 94 de9e72/3e /, 34de8 we7e )148e1y w/9./3 7e'). 4, '11 49.e78 /3 9.e 3e9w470. 

S2'11 ';e7'-e 5'9. 1e3-9. '3d 1'7-e )1:89e7/3- )4e,,/)/e398 '7e /3d/)'9478 4, ' 82'11-w471d e,,e)9.1 

A11 9.7ee .e'19.)'7e 3e9w4708 .'d 82'11e7 d/'2e9e78 '3d 82'11e7 ';e7'-e 5'9. 1e3-9. -/;e3 9.e/7 

8/ze )425'7ed 94 E7d48-Re3y/ 7'3d42 3e9w4708 (S4 Tex9, S1 T'(1e), /3d/)'9/3- 9.'9 .485/9'1 

8:(545:1'9/438 we7e w/9./3 )148e 945414-/)'1 574x/2/9y 94 43e '349.e7 '3d 9.'9 5'9/e398, 43)e 

'd2/99ed 94 '3y .485/9'18, )4:1d (e 247e e'8/1y 8e39 94 '11 .485/9'18 /3 9.e 3e9w470 w/9./3 ' ,ew 

3:2(e7 4, 97'38,e78 (T'(1e 1). T.e 1'7-e89 3e9w470 /3 8/ze, 9.e -e3e7'1 5'9/e39 3e9w470, .'d ' 

d/'2e9e7 4, 30, de,/3ed '8 9.e 143-e89 4, 9.e 8.479e89 d/89'3)e (e9wee3 '3y 9w4 34de8 /3 9.e 

3e9w470, '3d '3 ';e7'-e 5'9. 1e3-9. 4, 2.99, -/;e3 (y 9.e ';e7'-e 8.479e89 5'9. (e9wee3 '11 

5488/(1e 5'/78 4, )433e)9ed 34de8 /3 9.e 3e9w470. I3 S7 F/-, 9.e d/897/(:9/43 4, 9.e 8.479e89 5'9. 

1e3-9.8 ')7488 9.e 3e9w4708 /8 8.4w3. T.e -e3e7'1 3e9w470 .'8 ' ./-.e7 ,7e6:e3)y 4, 5'9. 1e3-9.8 

(e9wee3 ze74 '3d ,/;e w.e7e'8 /3 9.e HAI-85e)/,/) 3e9w4708, 9.e ,7e6:e3)y /8 7ed:)ed '3d 9.e 

143-e7 5'9. 1e3-9.8 (e)42e 247e ,7e6:e39. T.e7e,47e, .485/9'18 w/9./3 9.e -e3e7'1 3e9w470 we7e 

247e e,,/)/e39 /3 97'38,e7 5'9/e398. 

F:79.e7 '3'1y8/8 4, 9.e 3e9w4708 '184 8:55479ed 9./8 4(8e7;ed 82'11-w471d ).'7')9e7/89/). 

G7'5. de38/9y, '8 4(8e7;ed /3 9.e 9.7ee 3e9w4708, /8 9.e 949'1 5745479/43 4, ex/89/3- ed-e8 4:9 4, 

9.e 549e39/'1 ed-e8 9.'9 )'3 ex/89 94 )433e)9 '11 34de8 94-e9.e7. C425:9'9/43 4, de38/9/e8 /3d/)'9ed 

9.'9 431y 0.2%, 0.5%, '3d 1.2% 4:9 4, '11 5488/(1e )433e)9/438 ex/89 /3 9.e HAI-85e)/,/), 

8:85e)9ed-HAI, '3d -e3e7'1 5'9/e39 3e9w4708 7e85e)9/;e1y (T'(1e 1). H485/9'18 8.'7ed 5'9/e398 

w/9. ' 1/2/9ed 3:2(e7 4, 49.e7 .485/9'18 /3 9.e 3e9w470. M47e4;e7, 9.e -14('1 )1:89e7/3- 

)4e,,/)/e39 (GCC), w./). -/;e8 '3 4;e7'11 /3d/)'9/43 4, 9.e )1:89e7/3- 47 3:2(e7 4, 97/'3-1e8 

                                                        
1 W'998 DJ, S974-'9z S, H. C411e)9/;e dy3'2/)8 4, '82'11-w471d' 3e9w4708.  '9:7e. 1998;393(6684):440-2. 
d4/:10.1038/30918. 



(97/51e98 4, 34de8) ex/89/3- '243- 9.e 5488/(1e )433e)9ed 43e8,2 w'8 ./-. /3 9.e 9.7ee 3e9w4708 

)425'7ed 94 ' 7'3d42 3e9w470 4, 9.e 8'2e 8/ze (S4 Tex9, S2 T'(1e), e85e)/'11y /3 9.e -e3e7'1 

.e'19.)'7e 3e9w470. T.e7e,47e, .485/9'18 8e3d/3- 5'9/e398 94 9.e 8'2e .485/9'18 we7e 247e 1/0e1y 

94 (e 1/30ed 94-e9.e7 (y 5'9/e39 8.'7/3-. 

 

                                                        
2 ;'3 de7 H4,89'd R. R'3d42 G7'5.8 '3d C4251ex  e9w4708. E/3d.4;e3: C'2(7/d-e %3/;e78/9y P7e88; 
2016. 



S4 Fig. Cumula ive Dis ribu ion Func ions and Fi  for Degree and S reng h Dis ribu ion of  he 
General, Suspec ed-HAI, and HAI-Specific Ne work 

 

S4 Fig. C(m( ati)e distrib(tion f(nctions of degree k (top  eft) and strength s (bottom  eft) for the 
genera  network, s(spected-HAI network (top center, bottom center), and HAI-specific network 
(top right, bottom right). Fitted power- aw (red),  og-norma  (green), and Poisson (b (e) 
distrib(tions are shown when: x-min for degree = 77 and strength = 1191 in the genera  network; 
x-min for degree = 20 and strength = 119 in the s(spected-HAI network; and x-min for degree = 
7 and strength = 32 in the HAI-specific network. 

 



S4 Text. Comparison with Erdos-Renyi Random Networks 

G,9(1 7ha7 7h( h(al7hca5( 1(7:25.6 d,))(5 ,1 6,z(, 7h(y ca1127 %( c203a5(d d,5(c7ly )25 all 

1(7:25. 3523(57,(6.  2 )857h(5 a66(66 7h( d,67,1c7 3523(57,(6 2) 7h( h(al7hca5( 1(7:25.6, :( 

c203a5(d (ach 2) 7h( 7h5(( h(al7hca5( 1(7:25.6 72 100 6,08la7(d E5d26-R(1y, (ER) 5a1d20 

d,5(c7(d 1(7:25.6 3a5a0(7(5,z(d :,7h 7h( 6a0( 180%(5 2) 12d(6, (dg(6, a1d a9(5ag( (dg( :(,gh7. 

W( c216758c7(d 100 E5d26 a1d R(1y, 5a1d20 1(7:25.61 :,7h 7h( 6a0( 180%(5 2) 12d(6, (dg(6, 

a1d a P2,6621 d,675,%87(d (dg( :(,gh7 c255(6321d,1g 72 727al 75a16)(56 2) 7h( 7h5(( 1(7:25.6. I1 

7h( E5d26-R(1y, 02d(l, 7h( ),;(d 180%(5 2) 12d(6 ha9( 7h( 6a0( 352%a%,l,7y 2) %(,1g c211(c7(d 

%y a ),;(d 180%(5 2) (dg(6.8  

A6 (;3(c7(d, 7h( 5a1d20 1(7:25.6 d,63lay(d l(66 60all-:25ld cha5ac7(5,67,c6 c203a5(d 72 

7h( h(al7hca5( 1(7:25.6. O9(5all, h(al7hca5( 1(7:25.6 :(5( 025( cl867(5(d 7ha1 ER 1(7:25.6 (S1 

 a%l(). D,a0(7(5 :a6 60all(5 ,1 7h( g(1(5al h(al7hca5( 1(7:25. a1d la5g(5 )25 7h( HAI-63(c,),c 

a1d 6863(c7(d-HAI 1(7:25.6 c203a5(d 72 7h( a9(5ag( ER 1(7:25.. A9(5ag( 3a7h l(1g7h :a6 

la5g(5 ,1 7h( g(1(5al h(al7hca5( 1(7:25. a1d 6863(c7(d-HAI 1(7:25. a1d 60all(5 ,1 7h( HAI-

63(c,),c 1(7:25. ,1d,ca7,1g 7ha7 ,1 7h( HAI-63(c,),c 1(7:25. ha9( a cl26(5 a9(5ag( d,67a1c( 

%(7:((1 a1y 7:2 12d(6 7ha1 7ha7 2) a1 ER 1(7:25..  h( la5g(5 3a7h l(1g7h ,1 7h( 7:2 la5g(67 

h(al7hca5( 1(7:25.6 c203a5(d 72 ER 1(7:25.6 0ay %( d8( 72 7h( 025( h(7(52g(1(286 d,675,%87,21 

2) 3a7h l(1g7h6 ,1 7h( h(al7hca5( 1(7:25.6 :h(5( 7h( d,675,%87,21 2) 3a7h l(1g7h6 0ay 9a5y 

%(7:((1 h,ghly c211(c7(d a1d h,ghly d,6c211(c7(d h263,7al6.  h( a9(5ag( 727al cl26(1(66 :a6 

08ch 60all(5 ,1 7h( 6863(c7(d-HAI 1(7:25. a1d g(1(5al 1(7:25. 5a1d20 1(7:25.6, ,1d,ca7,1g 

7ha7 h263,7al6 ,1 7h(6( 1(7:25.6 :,ll %( a%l( 72 d,63(56( 7h(,5 3a7,(176 ,1 7h( 1(7:25. 48,c.(5, 

:h,l( ,1 7h( HAI-63(c,),c 1(7:25., 3a7,(17 029(0(17 :a6 6l2:(5 7ha1 ,1 a1 a9(5ag( ER 1(7:25. 

(S1  a%l().  

                                                        
1 E5d26 P, R(1y, A. O1 5a1d20 g5a3h6. P8%l,ca7,21(6 Ma7h(0a7,ca(. 1959;6:290-7.   



H(7(52g(1(,7y ,1 3a7,(17 75a-(c725,(6 a1d c20081,7y cl867(5,1g al62 d,67,1g8,6h 7h( 

h(al7hca5( 1(7:25.6 a1d ER 1(7:25.6. A127h(5 3266,%l( c2175,%87,21 72 ()),c,(1cy 2) 3a7,(17 

029(0(17 ,1 7h( g(1(5al h(al7hca5( 1(7:25. 0ay %( d8( 72 h,gh(5 a9(5ag( (dg( %(7:((11(66 

(301) a1d a h,gh(5 0a;,080 (dg( %(7:((11(66 (1175) c203a5(d 72 ER 1(7:25.6 (252.81 95% 

CI [252.75-252.88] a1d 32.02 95% CI [31.74-32.30] ,1 7h( ER 1(7:25.6 5(63(c7,9(ly). Wh,l( 

c203a5(d 72 7h( a9(5ag( ER 1(7:25., 7h( a9(5ag( (dg( %(7:((11(66 ,1 7h( HAI-63(c,),c a1d 

6863(c7(d-HAI h(al7hca5( 1(7:25.6 :(5( l2:(5, 0a;,080 (dg( %(7:((11(66 2) 7h( HAI-63(c,),c 

(73) a1d 6863(c7(d-HAI h(al7hca5( 1(7:25.6 (314) :(5( h,gh(5, d(021675a7,1g 7ha7 )l2: :a6 

c21c(175a7(d ,1 a 60all 180%(5 2) (dg(6 a1d l(66 (9(1ly d,675,%87(d ,1 7h(6( h(al7hca5( 1(7:25.6 

(S1  a%l(). ER 1(7:25.6 d,63lay a 60all(5 180%(5 2) c20081,7,(6. H263,7al6 :,7h,1 7h( 6a0( 

c20081,7y :(5( g(2g5a3h,cally )857h(5 a:ay )520 21( a127h(5 21 a9(5ag( 7ha1 ,1 7h( h(al7hca5( 

1(7:25.6 (:,7h 7h( (;c(37,21 2) Ma3 E48a7,21-d(7(c7(d c20081,7,(6 ,1 7h( 6863(c7(d-HAI 

1(7:25.). I1 5é680é, 7h( h(al7hca5( 1(7:25.6 had 025( c(175al,z(d a1d ()),c,(17 3a7,(17 )l2: 

c21c(175a7(d ,1 a 60all 180%(5 2) 12d(6 a1d (dg(6 :h,l( 7h( g(1(5al 3a7,(17 1(7:25. :a6 025( 

cl867(5(d a1d ()),c,(17 c203a5(d 72 %27h 7h( 60all(5 h(al7hca5( 1(7:25.6 a1d ER 1(7:25.6. 

 



S5 Fig. Cumula ive Dis ribu ion Func ions and Fi  for Indegree and Ins reng h Dis ribu ion of 
 he General, Suspec ed-HAI, and HAI-Specific Ne work 

S5 Fig. Th  c.m.la-iv  di,-rib.-i)( f.(c-i)(, )f k- i(d gr   f)r -h  g ( ral ( -0)rk (-)p l f-) a(d 
s- i(,-r (g-h (b)--)m l f-), ,.,p c- d-HAI ( -0)rk, (-)p c (- r, b)--)m c (- r), a(d HAI-,p cific 
( -0)rk (-)p righ-, b)--)m righ-). Fi-- d p)0 r-la0 (r d), l)g-()rmal (gr  (), a(d P)i,,)( (bl. ) 
di,-rib.-i)(, ar  ,h)0( 0h (: 1-mi( f)r i(d gr   = 36 a(d i(,-r (g-h = 698 i( -h  g ( ral 
( -0)rk; 1-mi( f)r i(d gr   = 13 a(d i(,-r (g-h = 131 i( -h  ,.,p c- d-HAI ( -0)rk; a(d 1-mi( 
f)r i(d gr   = 5 a(d i(,-r (g-h = 18 i( -h  HAI-,p cific ( -0)rk. P)0 r-la0 a(d l)g-()rmal had 
g))d fi- f)r i(d gr   a(d i(,-r (g-h i( -h  -hr   ( -0)rk, (KS-,-a-i,-ic p-val. , > 0.15) 0i-h -h  
 1c p-i)( )f l)g-()rmal di,-rib.-i)( )f i(d gr   i( -h  g ( ral a(d ,.,p c- d-HAI ( -0)rk (KS-
,-a-i,-ic p-val.  < 0.04). P)i,,)( di,-rib.-i)( 0a, ()- a g))d fi- f)r i(d gr   a(d i(,-r (g-h i( all 
( -0)rk, (KS-,-a-i,-ic p-val.  < 0.0001). 

 



S5 Text. How do the communities vary across the networks? 

Hea%-hcare ne-w(rk, di,)%a1ed di  erence, in c(mm.ni-1 c%.,-ering (  -heir h(,)i-a%, which c(.%d 

be im)(r-an- -( be--er .nder,-anding ac-ivi-1 in -he na-i(na% hea%-hcare ,1,-em. Vi,.a%%1, 

c(mm.ni-1 c%.,-ering wa, ,imi%ar acr(,, -he -hree ne-w(rk, (Fig 2). H(wever, (n average, each 

(  -he 18 Greed1-ba,ed c(mm.ni-1 n(de, in -he genera% ne-w(rk (Fig 2a) had h(,)i-a%, be%(nging 

-( 4.11 di  eren- HAI-,)eci ic Greed1-ba,ed c(mm.ni-ie, (Fig 2c). The,e 4.11 c(mm.ni-ie, were 

n(- even%1 di,-rib.-ed and m(,- h(,)i-a%, in a genera% ne-w(rk c(mm.ni-1 be%(nged -( (n%1 (ne 

d(mina-ing HAI-,)eci ic c(mm.ni-1. The d(mina-ing HAI-,)eci ic c(mm.ni-ie, made .)  (r 

78% (  -he genera% ne-w(rk c(mm.ni-1 h(,)i-a% c(m)(,i-i(n  (r ,hared h(,)i-a%, be-ween -he 

-w( ne-w(rk,. Simi%ar%1, (n average (ne genera% ne-w(rk c(mm.ni-1 wa, made .) (  h(,)i-a%, 

 r(m 2.56 di  eren- ,.,)ec-ed-HAI c(mm.ni-ie, (Fig 2b). In addi-i(n, (ne ,.,)ec-ed-HAI 

c(mm.ni-1 made .) m(,- (92% (  -he ,hared h(,)i-a%, (n average) (  -he genera% ne-w(rk 

c(mm.ni-1 c(m)(,i-i(n. A, a re,.%-, HAI-,)eci ic and ,.,)ec-ed-HAI hea%-hcare ne-w(rk 

h(,)i-a%, ,hared m(,- (  -he c(mm.ni-1 c(m)(,i-i(n  (.nd in -he genera% ne-w(rk. When -aking 

in-( c(n,idera-i(n (n%1 c(mm.ni-ie, c(n-aining a- %ea,- 2 h(,)i-a%,, -he ,.,)ec-ed-HAI ne-w(rk 

had an eq.a% n.mber (  c(mm.ni-ie, a, -he genera% ne-w(rk  (r b(-h a%g(ri-hm, (18 Greed1-

ba,ed c(mm.ni-ie, and 112 Ma) Eq.a-i(n-ba,ed c(mm.ni-ie,). There (re, -he ,.,)ec-ed-HAI 

hea%-hcare ne-w(rk had ver1 ,imi%ar c(mm.ni-1 )a-ien- ,haring ,-r.c-.re c(m)ared -( -he genera% 

ne-w(rk  (r b(-h a%g(ri-hm, whi%e -he HAI-,)eci ic ne-w(rk %e,, ,(, dem(n,-ra-ing -ha- h(,)i-a%, 

-ran, er HAI-,)eci ic )a-ien-, di  eren-%1 -han (-her )a-ien-,. 



S6 Fig. Cumulative Di tribution Function  and Fit for Outdegree and Out trength 
Di tribution of the General, Su pected-HAI, and HAI-Specific Network 

S6 Fig. The c-m-la,i.e dis,rib-,i(n  -nc,i(ns (  k+ (-,degree  (r ,he general ne,w(rk (,() le ,) 
and s+ (-,s,reng,h (b(,,(m le ,), s-s)ec,ed-HAI ne,w(rks (,() cen,er, b(,,(m cen,er), and HAI-
s)eci ic ne,w(rk (,() righ,, b(,,(m righ,). Fi,,ed )(wer-law (red), l(g-n(rmal (green), and 
P(iss(n (bl-e) dis,rib-,i(ns are sh(wn when: 0-min  (r (-,degree = 101 and (-,s,reng,h = 1102 
in ,he general ne,w(rk; 0-min  (r (-,degree = 27 and (-,s,reng,h = 70 in ,he s-s)ec,ed-HAI 
ne,w(rk; and 0-min  (r (-,degree = 7 and (-,s,reng,h = 3 in ,he HAI-s)eci ic ne,w(rk. Onl1 
)(wer-law dis,rib-,i(n had a g((d  i,  (r b(,h (-,degree and (-,s,reng,h (KS-s,a,is,ic )-.al-es > 
0.41) while l(g-n(rmal dis,rib-,i(n was (nl1 a g((d  i,  (r ,he HAI-s)eci ic ne,w(rk (KS-s,a,is,ic 
)-.al-e = 0.15). 

 



S6 Text. Does the General Healthcare Network Change with the Age of the Patients? 

To be44e2 ca4ego2)ze 4(e 0a4)e.4 02of),e3 ). 4(e (ea,4(ca2e .e47o2k3, 7e a33e33ed 4(e age 

d)342)b54)o.3 of 0a4)e.43 3).ce d)ffe2e.4 age 0o05,a4)o.3 -a9 d)30,a9 6a2)ed 0a4(o,og)e3, 

65,.e2ab),)4)e3, a.d 2)3k3 fo2 HAI 42a.3-)33)o.. Pa4)e.43 ac2o33 4(e .e47o2k3 7e2e c(a2ac4e2)zed 

b9 o,de2 age 7)4( a. a6e2age age fo2 a,, 42a.3fe22ed 0a4)e.43 of 61.18 (SD=22.09), a. a6e2age age 

of 55.25 (SD=21.65) fo2 0a4)e.43 3530ec4ed 4o (a6e a. HAI, a.d a. a6e2age age of 64.94 

(SD=18.51) fo2 0a4)e.43 d)ag.o3ed 7)4( a. HAI.  o-e. 4e.ded 4o be 3,)g(4,9 o,de2 4(a. -e. ). 

4(e ge.e2a, a.d HAI-30ec)f)c .e47o2k3 (0 < 0.05, 4-4e34). T(e o,de34 0a4)e.4 0o05,a4)o. 7a3 ). 4(e 

0o34o0e2a4)6e a.d 2e(ab),)4a4)o. ce.4e23 fo2 a,, 42a.3fe22ed 0a4)e.43 a.d 4(o3e 3530ec4ed 4o (a6e a. 

HAI (a6e2age of 68.60 (SD=18.35) a.d 67.45 (SD=17.40) 2e30ec4)6e,9).  

To a33e33 0o4e.4)a, c(a.ge3 ). co--5.)49 c,534e2).g d5e 4o age g2o503, 7e 2eco.3425c4ed 

3 age-30ec)f)c .e47o2k3 (1) ,e33 4(a. o2 e15a, 4o 18 9ea23 o,d (2) be47ee. 18 a.d 60 9ea23 o,d (3) 

o6e2 60 9ea23 o,d. No4 35202)3).g,9, 7e fo5.d 4(a4 4(e ,a2ge34 .e47o2k 7a3 of 42a.3fe2 0a4)e.43 

o6e2 4(e age of 60. Re35,43 a2e 3(o7. fo2 a,, 42a.3fe22ed 0a4)e.43 ). S7 F)g a.d fo2 HAI a.d 

3530ec4ed-HAI 0a4)e.43 ). S8 F)g a.d S9 F)g 2e30ec4)6e,9. A3 e80ec4ed, 0a4)e.43 o6e2 4(e age of 

60 fo2-ed a 3)-),a2 .e47o2k 4o 4(a4 of a,, 0a4)e.4 42a.3fe23 7)4( 1996 .ode3, 31427 42ajec4o2)e3, 

a.d 23 G2eed9 co--5.)4)e3 of 7()c( o.,9 21 (ad -o2e 4(a. 5 (o30)4a,3 (S7a F)g). T(e -)dd,e-

aged .e47o2k 7a3 3eco.d ,a2ge34 7)4( 1985 .ode3, 18304 42ajec4o2)e3, a.d 17 co--5.)4)e3 of 

7()c( 16 (ad -o2e 4(a. 5 (o30)4a,3 (S7b F)g). O. 4(e o4(e2 (a.d, c(),d2e. a.d ado,e3ce.43 

co.3)34e.4,9 -ade 50 3-a,,e2 .e47o2k3 a.d fo2 a,, 42a.3fe22ed 0a4)e.43 of 4()3 age g2o50, 4(e9 

c2ea4ed a .e47o2k of 575 .ode3, 1349 42ajec4o2)e3, a.d 29 co--5.)4)e3 of 7()c( 15 (ad -o2e 

4(a. 5 (o30)4a,3 (S7c F)g). T(e G2eed9-ba3ed co--5.)4)e3 d)30,a9ed 2eg)o.a, geog2a0()c 

c,534e2).g of (o30)4a,3, d)ffe2ed be47ee. age g2o503, a.d d)ffe2ed f2o- 4(e ge.e2a, (ea,4(ca2e 

.e47o2k. Mo34 )-0o24a.4,9, 7e 3a7 a. ).42od5c4)o. of 4(2ee .e7 2eg)o.a, co--5.)4)e3 ). 4(e 

o,de34 age g2o50 .o4 02e6)o53,9 )de.4)f)ed (S7a F)g). 



To be44e2 5.de234a.d age d)342)b54)o., 7()c( -a9 a,3o 0,a9 a 2o,e ). 0a4)e.4 -o6e-e.4 

0a44e2.3, 7e co-0a2e 4(e .e47o2k3 ob4a).ed fo2 d)ffe2e.4 0a4)e.4 age g2o503. A,4(o5g( 4(e 

.e47o2k )3 3-a,,, 7e )de.4)f)ed 4(a4 ado,e3ce.4 0a4)e.4 -o6e-e.4 )3 d)ffe2e.4 4(a. 4(a4 of o,de2 

0a4)e.43 ). 4e2-3 of 2e,a4)6e co--5.)49 3)ze fo2 4(e ,a2ge34 co--5.)4)e3.  e )de.4)f9 4(2ee .e7 

co--5.)4)e3 5.)15e 4o 0a4)e.43 o6e2 4(e age of 60 4(a4 d)30,a93 3o-e d)ffe2e.ce ). co--5.)49 

co-0o3)4)o. 4(a. 4(e ge.e2a, .e47o2k, 7()c( -a9 ).4e2e34 dec)3)o. -ake23 4a2ge4).g e,de2,9 

0o05,a4)o.3. 



S7 Fig. Shortest path length distributions in the networks  

 

S7 Fig. The length of the shortest paths or steps between any two nodes in the networks are 
calculated and plotted by their frequency. 



S7 Text. What are the Temporal Dynamics of the General Healthcare Network? 

T- (,4e12(g 2e  ,7 e6(12(,g 2em.-0 l d7, m(c1 -% . 2(e,2  dm(11(-,1, 5e  11e11ed 2he 

,3mbe0 -%  dm(11(-,1 b7 m-,2h. P 2(e,2  dm(11(-,1 .e0 m-,2h 0em (,ed 12 ble -4e0 2he 7e 0 5(2h 

  1m ll d0-. (, A3g312 d30(,g 2he h-l(d 71 5(2h  , -4e0 ll m-,2hl7  4e0 ge -% 979,142 

 dm(11(-,1.  

We  11e11ed  ,d c-m. 0ed 2he m-,2hl7 he l2hc 0e ,e25-0)1 %0-m 2he ge,e0 l . 2(e,2 

.-.3l 2(-, (, -0de0 2- (de,2(%7 h-5 2he he l2hc 0e ,e25-0)1 ch ,ged (, 1(8e  ,d h-5 . 22e0,1 -% 

. 2(e,2 %l-51 c-m. 0ed -4e0 2(me.  O,  4e0 ge, m-,2hl7 ,e25-0)1 5e0e c-m.-1ed -% %e5e0 

h-1.(2 l1 2h , 2he c3m3l 2(4e 7e 0l7 ,e25-0) (2063 h-1.(2 l1 c-m. 0ed 2-  ,  4e0 ge 1218 

h-1.(2 l1 95% CI [1080-1357], .-4 l3e < 0.001, 2-2e12). A1   0e13l2, 2he ,3mbe0 -% h-1.(2 l1 

c-,,ec2(-,1  ,d 2he ,3mbe0 -% . 2(e,21 m-4(,g be25ee, 2hem 5 1 0ed3ced -4e0 m-,2hl7 

(,2e04 l1. We  l1- -b1e04ed 2h 2 2he1e ,e25-0)1 5e0e 1l(gh2l7 le11 cl312e0ed (0.23 GCC (, 2he 

c3m3l 2(4e ,e25-0) 4e0131  ,  4e0 ge 0.17 GCC 95% CI [0.17-0.18], .-4 l3e < 0.001, 2-2e12) 

5(2h   l 0ge0 d( me2e0 (30 (, 2he c3m3l 2(4e ,e25-0) 4e0131  ,  4e0 ge 45.83 95% CI [40.74-

50.93], .-4 l3e < 0.001, 2-2e12)  ,d . 2h le,g2h (2.99 (, 2he c3m3l 2(4e ,e25-0) 4e0131  ,  4e0 ge 

4.86 95% CI [4.77-4.95], .-4 l3e < 0.001, 2-2e12) .e0 m-,2h -,  4e0 ge. Reg 0d(,g M . Eq3 2(-, 

c-mm3,(2(e1, m-,2hl7 ,e25-0)1 -,  4e0 ge h d   1m lle0 ,3mbe0 -% c-mm3,(2(e1 (,cl3d(,g 

5he, c-,1(de0(,g -,l7 c-mm3,(2(e1 5(2h m-0e 2h , -,e h-1.(2 l (. < 0.001, 2-2e12). O, 2he -2he0 

h ,d, 2he0e 5 1   l 0ge0 ,3mbe0 -% G0eed7 c-mm3,(2(e1 (, 2he m-,2hl7 ,e25-0)1 -4e0 ll b32 ,- 

d(%%e0e,ce (, ,3mbe0  ,d l-c l(8 2(-, -% c-mm3,(2(e1 5he, c-,1(de0(,g -,l7 c-mm3,(2(e1 5(2h 

m-0e 2h , -,e h-1.(2 l. M-,2hl7 c-mm3,(2(e1 m 7 be le11 cl312e0ed  ,d . 2(e,21 m 7 ,-2 4(1(2  ll 

-% 2he h-1.(2 l1 e ch m-,2h b32 2he7 12(ll 0e2 (,ed 2he 1 me 0eg(-, l . 2(e,2 1h 0(,g . 22e0,1 1ee, 

(, 2he  ,,3 l ,e25-0). 

 



S8 Fig. Distributions of p-values of hospital rank subsets using the Wilcoxon rank sum test in 
the HAI-specific net ork compared to the general net ork hospital ranks 

 



S9 Fig. Distributions of p-values of hospital rank subsets using the Wilcoxon rank sum test in 
the suspected-HAI net ork compared to the general net ork hospital ranks 

 



S10 Fig. Healthcare Networks by Age for All Patients 

S10 Fig. Healthcare networks for all transferred  atients (a) aged 18 and younger (b) aged 18 to 
60 (c) older than 60 years old. Greedy communities were colored by the corres onding general 
network community regions with additional community color if not  resent for (a) 23 
communities in which 3 were black (<5 hos itals) (b) 17 communities in which 1 was black (<5 
hos itals) (c) 29 communities in which 14 were black (<5 hos itals).  

 



S11 Fig. Healthcare Networks by Age for Suspected-HAI Patients 

S11 Fig. Healthcare  et(orks for all tra sferred patie ts (a) aged 18 a d )ou ger (b) aged 18 to 
60 (c) older tha  60 )ears old. We detected a total  umber of Greed)-based commu ities for each 
age  et(ork (a) 22 total a d 19 (ith over 2 hospitals from a  et(ork of 1894 hospitals a d 11234 
edges (b) 30 total (ith 17 (ith over 2 hospitals from a  et(ork of 1559 hospitals a d 5423 edges 
(c) 29 total (ith 14 (ith over 2 hospitals per commu it) from a  et(ork of 218 hospitals a d 318 
trajectories. 

 



S12 Fig. Healthcare Networks by Age for HAI-Specific Patients 

S12 Fig. Healthcare networks for all transferred  atients (a) aged 18 and younger (b) aged 18 to 
60 (c) older than 60 years old. Network communities are detected using the Greedy algorithm and 
colored according to community membershi  for (a) 1143 hos itals and 2260 edges with 50 total 
communities with only 28 com osed of more than 5 hos itals (b) 603 hos itals and 593 edges 
with 41 total communities and 19 with over 5 hos itals (c) 44 hos itals and 33 edges, 18 total 
communities, 2 communities with more than 5 hos itals, and 9 communities with more than 2 
hos itals.  

 



GGLWLRQDO DQDO VHV
,Q WKLV VHFWLRQ ZH SUHVHQW SUHOLPLQDU UHVXOWV IURP VLPXODWLRQV RI D JHQHULF HSLGHPLF PRGHO

RYHU WKH )UHQFK KHDOWKFDUH QHWZRUNV 7KLV PRGHO ZDV GHYHORSHG XVLQJ WKH WUDQVIHU GDWD

+HQFH ZH VWDUW E GHVFULELQJ WKH KHDOWKFDUH QHWZRUNV

7KH KHDOWKFDUH QHWZRUNV
3DWLHQW GLVFKDUJH VXPPDULHV IURP WKH 306, GDWDEDVH LQ ZHUH XVHG WR FRQVWUXFW WKUHH

KHDOWKFDUH QHWZRUNV 7DEOH )LJXUH )RU DOO PLOOLRQ WUDQVIHUV RI PLOOLRQ SDWLHQWV LQ

WKH JHQHUDO SDWLHQW QHWZRUN ZDV FRPSRVHG RI GLIIHUHQW KHDOWKFDUH IDFLOLWLHV DQG

WUDMHFWRULHV 7KH DYHUDJH GHJUHH LQ WKH JHQHUDO SDWLHQW QHWZRUN ZDV DQG D WRWDO RI

FRPPXQLWLHV ZHUH LGHQWLILHG using a “Greedy” GHWHFWLRQ DOJRULWKP 7KH FOXVWHUHG IDFLOLWLHV

ZHUH ZLWKLQ DQ DYHUDJH RI NLORPHWUHV DZD IURP RQH DQRWKHU 7KH VXVSHFWHG + ,

QHWZRUN ZDV EDVHG RQ WKH GLDJQRVHV LGHQWLILHG LQ WKH *HUELHU HW DO SXEOLFDWLRQ DOVR XVHG LQ WKH

VXVSHFWHG + , QHWZRUN 7KH VXVSHFWHG + , SDWLHQW WUDQVIHU QHWZRUN ZDV

FRPSRVHG RI IDFLOLWLHV ZLWK GLIIHUHQW SDWLHQW WUDMHFWRULHV 7KHUH ZDV DQ DYHUDJH

ZHLJKWHG GHJUHH RI ZLWK D PLQLPXP RI RQH DQG D PD[LPXP RI SDWLHQWV PRYLQJ SHU

WUDMHFWRU 2Q DYHUDJH KHDOWKFDUH IDFLOLWLHV ZHUH FRQQHFWHG WR RWKHU IDFLOLWLHV LQ WKH

QHWZRUN FRQQHFWHG WR DQ DYHUDJH KRVSLWDOV E WKHLU LQ GHJUHH DQG DQ DYHUDJH

KRVSLWDOV E WKHLU RXW GHJUHH +HDOWKFDUH IDFLOLWLHV WUDQVIHUUHG DQ DYHUDJH WRWDO RI SDWLHQWV

7KHUH ZHUH FRPPXQLWLHV ZLWK DQ DYHUDJH RI NLORPHWUHV EHWZHHQ KRVSLWDOV RI WKH VDPH

FRPPXQLW 7KH + , QHWZRUN ZDV EDVHG RQ DQ SDWLHQW ZLWK WKH ,&' FRGH RI < IRU

QRVRFRPLDO FRQGLWLRQV DV WKHLU SULQFLSDO UHODWHG RU DVVRFLDWHG GLDJQRVLV LQ WKH PHGLFDO

VXUJHU REVWHWULF KRVSLWDOV 0&2 DQG SRVWRSHUDWLYH DQG UHKDELOLWDWLRQ FHQWUHV 665 7KH + ,

QHWZRUN ZDV FRPSRVHG RI KHDOWKFDUH IDFLOLWLHV ZLWK SDWLHQW WUDQVIHU WUDMHFWRULHV

7KHUH DYHUDJH ZHLJKWHG GHJUHH ZDV DQG *UHHG FRPPXQLWLHV ZHUH LGHQWLILHG

7DEOH &KDUDFWHULVWLFV RI WKH )UH FK KHDOWKFDUH HW RUNV
,

1HW RUN
6XVSHFWHG ,
1HW RUN

H HUDO 3DWLH W
1HW RUN

3DWLH WV
3DWLH W WUD VIHUV

RVSLWDOV YHUWLFHV
7UDMHFWRULHV HG HV

YHUD H SDWK OH WK
YHUD H GH UHH 6
YHUD H L GH UHH 6
YHUD H RXW GH UHH 6

&RPPX LWLHV
YHUD H L WHU FRPPX LW GLVWD FH NP

6' VWDQGDUG GHYLDWLRQ



)L XUH 7KH KHDOWKFDUH HW RUNV

7KH + , QHWZRUN OHIW WKH VXVSHFWHG + , QHWZRUN PLGGOH DQG WKH JHQHUDO SDWLHQW QHWZRUN ULJKW RI )UDQFH
ZLWK WRS DQG ZLWKRXW ERWWRP UHJLRQV DQG HGJHV 1 UHIHUV WR WKH QXPEHU RI *UHHG FRPPXQLWLHV GHWHFWHG E
WKH &ODXVHW HW DO DOJRULWKP

The degree distribution of the networks’ vertices was assessed by tKH GLVFUHWH SRZHU ODZ

GLVWULEXWLRQ IXQFWLRQ [ from Clauset et al.’s algorithm. .ROPRJRURY–6PLUQRY WHVW ZDV

XVHG WR DVVHVV WKH ILW RI D SRZHU law distribution to each network’s degrees distribution ()LJXUH

7KHUH ZDV OLWWOH HYLGHQFH WR VKRZ WKDW D SRZHU ODZ GLVWULEXWLRQ ZDV QRW D JRRG ILW IRU WKH

three networks’ degree distributions (p YDOXHV ! ZKHQ DVVHVVHG ZLWK RSWLPDO ORZHU FXW

RIIV XVLQJ D JRRGQHVV RI ILW EDVHG DSSURDFK DW GHJUHHV IRU WKH + , GHILQHG QHWZRUN DW

GHJUHHV IRU WKH VXVSHFWHG + , GHILQHG QHWZRUN DQG DW GHJUHHV IRU WKH JHQHUDO SDWLHQW

QHWZRUN +RZHYHU WKHUH ZDV HYLGHQFH WKDW WKH SRZHU ODZ ZDV QRW D JRRG ILW IRU DOO QHWZRUNV

ZKHQ WDNLQJ LQWR FRQVLGHUDWLRQ DOO GHJUHH YDOXHV S YDOXHV



)L XUH H UHH GLVWULEXWLR V L WKH KHDOWKFDUH HW RUNV

7KH QRQ VSHFLILF QHWZRUN UHIHUV WR WKH JHQHUDO SDWLHQW QHWZRUN

7KH GLIIHUHQFH LQ WKH QXPEHU RI KHDOWKFDUH IDFLOLWLHV Q LQ YHUVXV Q LQ

PD EH H[SODLQHG E WKH IROORZLQJ D VPDOOHU QXPEHU RI KHDOWKFDUH IDFLOLWLHV LQ WKH QDWLRQDO

),1(66 GDWDEDVH ZHUH UHSRUWHG LQ FRPSDUHG WR Q YHUVXV Q 

RU D IHZHU QXPEHU RI KHDOWKFDUH IDFLOLW ),1(66 WR ZKLFK SDWLHQWV ZHUH WUDQVIHUUHG 2YHUDOO

WKH KHDOWKFDUH QHWZRUNV ZHUH YHU VLPLODU WR WKH SXEOLVKHG KHDOWKFDUH QHWZRUNV LQ

WHUPV RI VWUXFWXUH KXE KHDOWKFDUH IDFLOLWLHV DQG FRPPXQLW FOXVWHULQJ VWUXFWXUH

6LPXODWLQJ VSUHDG LQ KHDOWKFDUH QHWZRUNV
+ SRWKHWLFDO HSLGHPLF VSUHDG RI SDWKRJHQV ZDV VLPXODWHG RQ WKH + , QHWZRUNV 7R

VLPXODWH HSLGHPLF VSUHDG WKH SUREDELOLW RI HDFK IDFLOLW EHFRPLQJ “LQIHFWHG” (meaning that at 

OHDVW RQH FRORQL]HG SDWLHQW VWD HG LQ WKH IDFLOLW ZDV FDOFXODWHG ELQRPLDO SURFHVV ZDV XVHG

ZKHUH WKH QXPEHU RI LQIHFWLRQ DWWHPSWV ZDV WKH QXPEHU RI WUDQVIHUUHG SDWLHQWV IURP DQ LQIHFWHG

IDFLOLW 7KH probability of “success” ZDV FDOFXODWHG DV WKH SUREDELOLW RI D SDWLHQW EHFRPLQJ D

QHZ VRXUFH RI LQIHFWLRQ LQ WKH QHZ KHDOWKFDUH IDFLOLW

,Q WKH ILUVW DQDO VLV WKH QHWZRUNV ZHUH DVVHVVHG RYHU D SHULRG RI WLPH VWHSV ZLWK

UDQGRPO FKRVHQ KRVSLWDOV EHLQJ LQLWLDOO LQIHFWHG +RVSLWDO SDWLHQWV LQ LQIHFWHG IDFLOLWLHV KDG D

SUREDELOLW RI LQIHFWLQJ D KRVSLWDO ZKHUH WKH KDG EHHQ WUDQVIHUUHG S LQ ZKLFK LQIHFWLRQ

ODVWHG WLPH VWHSV W LQ WKH IDFLOLW 7KH VLPXODWLRQ IROORZHG D VWRFKDVWLF 6XVFHSWLEOH ,QIHFWHG

6XVFHSWLEOH OLNH 6,6 OLNH PRGHO ZKHUH KRVSLWDOV ZHUH DOO VXVFHSWLEOH WR LQIHFWLRQ 6 FRXOG



EHFRPH LQIHFWHG , DQG VWD HG LQIHFWHG IRU WLPH VWHSV DQG UHFRYHUHG EHFRPLQJ LPPHGLDWHO

VXVFHSWLEOH 6 DJDLQ

7KH LQFLGHQFH RI QHZO LQIHFWHG KRVSLWDOV SHU WLPH VWHS UHDFKHG D PD[LPXP RI a KRVSLWDOV

LQ WKH + , QHWZRUN DQG a KRVSLWDOV LQ WKH ODUJHU VXVSHFWHG + , QHWZRUN )LJXUH 7KH

HSLGHPLF GLHG RXW DIWHU WLPH VWHSV IRU WKH + , QHWZRUN DQG DIWHU WLPH VWHSV LQ WKH VXVSHFWHG

+ , QHWZRUN

)L XUH 6LPXODWLR KLVWR UDP RI WKH XPEHU RI KRVSLWDOV L IHFWHG RYHU WLPH

+ , QHWZRUN OHIW DQG VXVSHFWHG + , QHWZRUN ULJKW

)LJXUH VKRZV WKH ILUVW VWHSV RI D WKHRUHWLFDO VLPXODWLRQ RI HSLGHPLF SDWKRJHQ VSUHDG LQ WKH

JHR ORFDOL]HG + , QHWZRUN ,W FDQ EH QRWHG WKDW RQFH VVLVWDQFH 3XEOLTXH – + SLWDX[ GH 3DULV

3 +3 EHFDPH LQIHFWHG WKH ODUJHVW KXE KRVSLWDO FHQWUH RWKHU ODUJH KXEV EHFDPH LQIHFWHG

soon after. As a result, HAI spread throughout each community cluster’s reference FHQWUH

OHDGLQJ WR D QDWLRQDO HSLGHPLF 2QFH LQIHFWLRQ GLHG RXW LQ WKH UHJLRQDO UHIHUHQFH FHQWUHV

FRPPXQLW OHYHO VSUHDG VWDUWHG WR GLH RXW DV ZHOO 7KHVH REVHUYDWLRQV FRXOG EH H[SODLQHG E

3 +3 EHLQJ WKH PRVW KLJKO FRQQHFWHG KHDOWKFDUH FHQWUH DQG WKH IDFW WKDW PRVW WUDQVIHUV WRRN

SODFH ZLWKLQ WKH VDPH FRPPXQLW



)L XUH 6LPXODWLR HSLGHPLF VSUHDG L WKH , HW RUN

&RORXU LV EDVHG RQ FRPPXQLW FOXVWHULQJ DQG QRGH VL]H ZDV GHSHQGHQW RQ WKH GHJUHH RI WKH IDFLOLW

,Q WKH VHFRQG DQDO VLV WKH YXOQHUDELOLW RI KRVSLWDOV WR LQIHFWLRQ GHSHQGLQJ RQ WKH LQIHFWLRQ UDWH

ZDV DVVHVVHG 7KH SUREDELOLW RI D VXVWDLQHG HSLGHPLF DW OHDVW RQH LQIHFWHG KRVSLWDO DW WKH HQG

RI WKH VLPXODWLRQ ZDV HYDOXDWHG E VXEMHFWLQJ HDFK KRVSLWDO WR GLVWLQFW LQWURGXFWLRQV RI

LQIHFWLRQ ZLWK LQIHFWLRXVQHVV S ZLWK HDFK IDFLOLW VHUYLQJ DV DQ LQGH[ FDVH RI WKH

HSLGHPLF 7KH SUREDELOLW RI KRVSLWDOV VXVWDLQLQJ DQ HSLGHPLF IRU WLPH VWHSV ZDV FDOFXODWHG

and plotted by the hospitals’ characteristics. 

7KH SUREDELOLW RI WKH QHWZRUN VXVWDLQLQJ DQ HSLGHPLF YDULHG GHSHQGLQJ RQ WKH FKDUDFWHULVWLFV

RI WKH LQGH[ KRVSLWDO )LJXUH VKRZV WKH GLVWULEXWLRQ RI WKH SUREDELOLW WKDW DQ HSLGHPLF

RFFXUUHG LQ WKH + , QHWZRUN JLYHQ DOO KRVSLWDOV ZHUH VHW DV WKH LQGH[ FDVHV WLPHV

ZKHUH WKH KDG D SUREDELOLW RI LQIHFWLQJ RWKHU KRVSLWDOV LQ WKH QHWZRUN SUREDELOLW RI

PHDQW WKDW QR KRVSLWDOV ZHUH LQIHFWHG DW WKH HQG RI WKH UXQV DQG D SUREDELOLW RI PHDQW

WKDW DW OHDVW RU PRUH KRVSLWDO LQ WKH QHWZRUN ZDV VWLOO LQIHFWHG DW WKH HQG RI WKH UXQV



)L XUH 3UREDELOLW RI VXVWDL HG HSLGHPLF L WKH , HW RUN

)RU HDFK QRGH LQ WKH QHWZRUN WLPH VWHSV RI LQLWLDO LQIHFWLRQ LQGH[ FDVH ZHUH UXQ WR GHWHUPLQH WKH SUREDELOLW
of a sustained epidemic in the network at the end of the run. Each node’s probability is sKRZQ LQ WKH SORW 7KH
probabilities compared to the initial infected node’s degree (top left), weighted degree (top right), betweenness 
FHQWUDOLW ERWWRP OHIW DQG FORVHQHVV FHQWUDOLW ERWWRP ULJKW ,I S QR KRVSLWDO LV LQIHFWHG LI S DW OHDVW RU
PRUH KRVSLWDOV DUH LQIHFWHG DW WKH HQG RI WKH WLPH VWHSV

7KH LQLWLDOO LQIHFWHG KRVSLWDO’V GHJUHH L H FRQQHFWHGQHVV LQ WKH QHWZRUN PD H[SODLQ WKH

SUREDELOLW RI D VXVWDLQHG HSLGHPLF LQ WKH QHWZRUN (YHQ WKRXJK DQ KRVSLWDOV ZLWK D GHJUHH

JUHDWHU WKDQ WZR FRXOG SURGXFH DQ HSLGHPLF LQ WKH QHWZRUN SUREDELOLW  KRVSLWDOV ZLWK

KLJKHU GHJUHHV GHJUHH ! WHQGHG WR DOZD V UHVXOW LQ VXVWDLQHG HSLGHPLF VSUHDG :KHQ WDNLQJ

LQWR DFFRXQW WKH ZHLJKWHG GHJUHH L H WKH QXPEHU RI SDWLHQWV EHLQJ WUDQVIHUUHG SHU KRVSLWDO

WKHUH ZDV D JUHDWHU FRUUHODWLRQ ZLWK SUREDELOLW RI VXVWDLQHG HSLGHPLF VSUHDG ,QGH[ KRVSLWDOV

WKDW WUDQVIHUUHG PRUH WKDQ SDWLHQWV WHQGHG WR UHVXOW LQ WKH KLJKHVW SUREDELOLW RI VXVWDLQHG

VSUHDG LQ WKH + , QHWZRUN 5HJDUGLQJ WKH LQLWLDOO Lnfected hospital’s EHWZHHQQHVV FHQWUDOLW

WKH LPSRUWDQFH RI D KRVSLWDO DFWLQJ DV DQ LQWHUPHGLDU LQ WKH IORZ RI SDWLHQWV DQG FORVHQHVV

FHQWUDOLW WKH LQYHUVH RI WKH DYHUDJH OHQJWK RI WKH VKRUWHVW SDWKV EHWZHHQ RQH KRVSLWDO DQG DOO

RWKHUV LQ WKH QHWZRUN WKHUH ZDV OLWWOH WR QR REVHUYHG HIIHFW RI WKHVH PHDVXUHV RQ WKH SUREDELOLW

RI HSLGHPLF VSUHDG RQ WKH QHWZRUN

,Q FRPSDULVRQ WKH SUREDELOLW RI VXVWDLQLQJ DQ HSLGHPLF JLYHQ the facility’s network

FKDUDFWHULVWLFV ZDV DOVR DQDO VHG IRU WKH VXVSHFWHG + , QHWZRUN )LJXUH ,Q DOO IRXU SORWV

WKHUH ZHUH QR IDFLOLWLHV WKDW VXVWDLQHG DQ HSLGHPLF EHWZHHQ S DQG S ZKLFK GLVWLQJXLVKHG

QRGHV WKDW GLG QRW VXVWDLQ VSUHDG DQG WKRVH WKDW KDG PRUH WKDQ D SUREDELOLW RI VXVWDLQLQJ

RQH 7KH GHQVLW RI QRGHV LQFUHDVHG DV WKH SUREDELOLW RI VXVWDLQHG HSLGHPLF LQFUHDVHG ,Q WKLV



QHWZRUN QRGHV ZLWK D GHJUHH JUHDWHU WKDQ RU KDYLQJ PRUH WKDQ SDWLHQW WUDQVIHUV ZHUH

PRUH OLNHO WR VXVWDLQ DQ HSLGHPLF 7KLV ZDV KLJKHU WKDQ WKH + , QHWZRUN DQG LW ZDV H[SHFWHG

EHFDXVH WKH VXVSHFWHG + , QHWZRUN LV ODUJHU ZLWK KLJKHU DYHUDJH ZHLJKWHG DQG XQ ZHLJKWHG

GHJUHHV )RU EHWZHHQQHVV DQG FORVHQHVV FHQWUDOLW WKHUH ZDV OLWWOH HIIHFW KRZHYHU WKHUH ZDV D

FOHDUHU WKUHVKROG WKDQ LQ WKH + , QHWZRUN LQ ZKLFK WKH KRVSLWDOV ZLWK WKH KLJKHVW YDOXHV KDV WKH

KLJKHVW SUREDELOLW RI VXVWDLQLQJ DQ HSLGHPLF 7KHVH DQDO VHV PD EH RI LQWHUHVW EHFDXVH WKH

PD HQOLJKWHQ QRYHO LQIHFWLRQ FRQWURO VWUDWHJLHV WDUJHWLQJ FHUWDLQ KRVSLWDOV LQ WKH QHWZRUN EDVHG

RQ WKHLU FKDUDFWHULVWLFV DQG SRWHQWLDO LPSDFW RQ HSLGHPLF VSUHDG RI SDWKRJHQV

)L XUH 3UREDELOLW RI VXVWDL HG HSLGHPLF L WKH VXVSHFWHG , HW RUN

7KH SUREDELOLW RI KRVSLWDOV VXVWDLQLQJ DQ HSLGHPLF LQ WKH QHWZRUN IRU DW OHDVW WLPH VWHSV ZDV FDOFXODWHG DQG
plotted by the hospital’s network characteristics. The probabilities are compared to the initial infected node’s 
GHJUHH WRS OHIW ZHLJKWHG GHJUHH WRS ULJKW EHWZHHQQHVV FHQWUDOLW ERWWRP OHIW DQG FORVHQHVV FHQWUDOLW
ERWWRP ULJKW ,I S QR KRVSLWDO LV LQIHFWHG LI S DW OHDVW RU PRUH KRVSLWDOV DUH LQIHFWHG DW WKH HQG RI WKH
WLPH VWHSV

,Q D WKLUG DQDO VLV HDFK KRVSLWDO LQ WKH JHQHUDO SDWLHQW QHWZRUN ZDV VXEMHFWHG WR HSLGHPLF

LQLWLDWLRQV ZLWK YDU LQJ LQIHFWLRXVQHVV S IURP WR DW LQFUHPHQWV RI ZLWK WKH KRVSLWDO

VHUYLQJ DV DQ LQGH[ FDVH RI WKH HSLGHPLF )LJXUH )RU LQIHFWLRXVQHVV JUHDWHU WKDQ PRVW

KRVSLWDOV LQ WKH QHWZRUN KDG D SUREDELOLW RI VXVWDLQLQJ DQ HSLGHPLF )RU LQIHFWLRXVQHVV

DW WKH SUREDELOLW RI VXVWDLQHG HSLGHPLF VSUHDG ZDV KLJKHU IRU KXE KRVSLWDOV ZLWK WKH KLJKHVW

GHJUHH ZHLJKWHG GHJUHH RU VWUHQJWK EHWZHHQQHVV FHQWUDOLW DQG FORVHQHVV FHQWUDOLW ZKLOH

KRVSLWDOV ZLWK WKH ORZHVW RI WKHVH PHDVXUHV KDG D YHU VPDOO SUREDELOLW RI VXVWDLQLQJ DQ

HSLGHPLF



)L XUH 3UREDELOLW RI HSLGHPLFV YDU L KRVSLWDO L IHFWLRXV HVV L WKH H HUDO
HW RUN

(DFK KRVSLWDO LQ WKH JHQHUDO SDWLHQW QHWZRUN ZDV VXEMHFWHG WR HSLGHPLF LQLWLDWLRQV ZLWK YDU LQJ LQIHFWLRXVQHVV
S IURP WR DW LQFUHPHQWV RI ZLWK WKH KRVSLWDO VHUYLQJ DV DQ LQGH[ FDVH RI WKH HSLGHPLF 7KH GXUDWLRQ
RI WKH HSLGHPLF ODVWHG WLPH VWHSV 7KH SUREDELOLW RI KRVSLWDOV VXVWDLQLQJ DQ HSLGHPLF LQ WKH QHWZRUN IRU DW OHDVW

WLPH VWHSV ZDV FDOFXODWHG 7KH SUREDELOLW RI LQIHFWLRQ UDQJHG IURP EOXH ZKLWH WR UHG
7KH SUREDELOLWLHV ZHUH RUGHUHG E WKH KRVpital’s network characteristics: degree (top left), strength (top right), 
EHWZHHQQHVV FHQWUDOLW ERWWRP OHIW FORVHQHVV FHQWUDOLW ERWWRP ULJKW

7KH VXVSHFWHG + , QHWZRUN ZDV DOVR VXEMHFWHG WR HSLGHPLF LQLWLDWLRQV ZLWK YDU LQJ

LQIHFWLRXVQHVV S KRZHYHU LQ WKLV FDVH S UDQJHG IURP WR DW LQFUHPHQWV RI ZLWK

HDFK KRVSLWDO VHUYLQJ DV DQ LQGH[ FDVH RI WKH HSLGHPLF 7KH LQIHFWLRXVQHVV ZDV VHW ORZHU WKDQ

WKH JHQHUDO SDWLHQW QHWZRUN LQ RUGHU WR WHVW LI HYHQ LQ D VPDOOHU QHWZRUN ZLWK D PXFK VPDOOHU

DYHUDJH GHJUHH 7DEOH ORZHU UDWHV RI LQIHFWLRXVQHVV ZRXOG VWLOO EH DEOH WR VXVWDLQ HSLGHPLFV

RU QRW DW DOO )LJXUH 7KH HSLGHPLF ODVWHG WLPH VWHSV LQ WKLV VFHQDULR )RU LQIHFWLRXVQHVV

OHVV WKDQ YHU OLWWOH KRVSLWDOV VXVWDLQHG DQ HSLGHPLF DW PRUH WKDQ SUREDELOLW W

IRU D GXUDWLRQ RI YHUVXV WLPH VWHSV IRU DQ LQIHFWHG KRVSLWDO LQ WKH VXVSHFWHG + , YHUVXV WKH

JHQHUDO QHWZRUN WKHUH ZHUH OHVV KRVSLWDOV WKDW VXVWDLQHG DQ HSLGHPLF DW WKH HQG RI WKH WLPH

VWHSV



)L XUH 3UREDELOLW RI HSLGHPLFV YDU L KRVSLWDO L IHFWLRXV HVV L WKH VXVSHFWHG ,
HW RUN

(DFK KRVSLWDO LQ WKH VXVSHFWHG + , QHWZRUN ZDV VXEMHFWHG WR HSLGHPLF LQLWLDWLRQV ZLWK YDU LQJ LQIHFWLRXVQHVV
S IURP WR DW LQFUHPHQWV RI ZLWK WKH KRVSLWDO VHUYLQJ DV DQ LQGH[ FDVH RI WKH HSLGHPLF 7KH
GXUDWLRQ RI WKH HSLGHPLF ODVWHG WLPH VWHSV 7KH SUREDELOLW RI KRVSLWDOV VXVWDLQLQJ DQ HSLGHPLF LQ WKH QHWZRUN
ZDV FDOFXODWHG IRU WLPH VWHSV DQG WKH UHVXOWV ZHUH RUGHUHG by the hospital’s network characteristics. 7KH
SUREDELOLW RI LQIHFWLRQ UDQJHG IURP EOXH ZKLWH WR UHG

2YHUDOO WKHVH UHVXOWV GHPRQVWUDWHG WKDW D KLJKHU GXUDWLRQ RI LQIHFWLRQ DQG KLJKHU

LQIHFWLRXVQHVV LQ DQ RI WKH QHWZRUNV FRXOG OHDG WR D KLJKHU SUREDELOLW RI D VXVWDLQHG

HSLGHPLF 1RWDEO KRVSLWDO GHJUHH DQG VWUHQJWK ZHUH VKRZQ WR EH JRRG SUHGLFWRUV RI

HSLGHPLF VSUHDG DQG VXVWDLQDELOLW )RU WKH KLJKHVW GHJUHH DQG VWUHQJWK LQ WHUPV RI QXPEHU RI

SDWLHQWV WUDQVIHUUHG DQQXDOO E D KRVSLWDO DOPRVW RI WKH HSLGHPLF ZHUH VXVWDLQHG ZKHQ

WKHVH KRVSLWDOV VHUYHG DV LQGH[ FDVHV %HWZHHQQHVV DQG FORVHQHVV FHQWUDOLW ZHUH DOVR

SUHGLFWRUV RI HSLGHPLF VSUHDG KRZHYHU WKH JUDGLHQW ZDV DOZD V FOHDU IRU DOO UDQJHV RI YDOXHV

EXW PRUH HYLGHQW IRU WKH KLJKHVW YDOXHV 7KHVH REVHUYDWLRQV PD EH H[SODLQHG E WKH IDFW WKDW

WKH PRVW FRQQHFWHG KRVSLWDOV FDQ GLVSHUVH LQIHFWLRQ WR D ODUJH QXPEHU RI RWKHU KHDOWKFDUH

IDFLOLWLHV KLJK RXW GHJUHH DQG ZHLJKWHG RXW GHJUHH ZKLFK LQ WXUQ DOORZV RWKHU IDFLOLWLHV WR

VXVWDLQ WKH HSLGHPLF ZKLOH LW GLHV RXW LQ WKH PRVW FRQQHFWHG IDFLOLWLHV XQWLO WKH EHFRPH UH

LQIHFWHG DJDLQ EHFDXVH WKH DOVR KDYH D KLJK LQ GHJUHH PDNLQJ WKHP DOVR VXVFHSWLEOH WR

LQIHFWLRQ 7KHVH SUHOLPLQDU REVHUYDWLRQV IURP D VLPSOH 6,6 OLNH PRGHO IXUWKHU KLJKOLJKW WKH

LPSRUWDQW UROH WKDW KXE KHDOWKFDUH IDFLOLWLHV SOD LQ ERWK KHDOWKFDUH QHWZRUN VWUXFWXUH DQG

SRWHQWLDOO LQ HSLGHPLF VSUHDG RI SDWKRJHQV LQ KHDOWKFDUH VHWWLQJV



Part Four: Spread of CPE over the French healthcare 
networks



&KDSWHU 7HPSRUDO G QDPLFV RI )UHQFK &3( HSLVRGHV

ULVLQJ QXPEHU RI &3( HSLVRGHV KDYH EHHQ UHSRUWHG LQ )UDQFH RYHU WKH HDUV 7KH

REMHFWLYHV RI WKLV SDUW RI WKH WKHVLV ZHUH WR GHVFULEH &3( HSLVRGH QRWLILFDWLRQV IURP

6HSWHPEHU WR 'HFHPEHU DQG WR SUHGLFW WKH QXPEHU RI PRQWKO &3( HSLVRGHV IURP

WKH -DQXDU WR 'HFHPEHU XVLQJ WLPH VHULHV PRGHOV ,W VKRXOG EH QRWHG WKDW RQO

GDWD IRU WKH GHSDUWPHQW DQG QRW WKH KRVSLWDO V DVVRFLDWHG ZLWK WKH HSLVRGH ZHUH DYDLODEOH

WKHUHIRUH WKH UHVXOWV VKRZ DJJUHJDWHV RI WKH GDWD DW WKH )UHQFK GHSDUWPHQW OHYHO

7KH )UHQFK &3( GDWD IURP WR
6XUYHLOODQFH GDWD RQ &3( HSLVRGHV LQ )UDQFH IURP 6HSWHPEHU WR 'HFHPEHU ZHUH

FROOHFWHG E 6DQWp 3XEOLTXH )UDQFH WKURXJK WKH 5 ,6,1 DFWLYH VXUYHLOODQFH V VWHP &3(

HSLVRGHV ZHUH GHILQHG DV D FDVH RU JURXS RI FDVHV LQIHFWHG ZLWK WKH VDPH VWUDLQ RI &3( NQRZQ

WR KDYH EHHQ LQ FRQWDFW ZLWK RQH DQRWKHU DQG LGHQWLILHG E DXWKRULWLHV GXULQJ WKH RXWEUHDN

LQYHVWLJDWLRQ (SLVRGHV ZHUH GHVFULEHG E WKH QXPEHU RI LQGLYLGXDO FDVHV LQYROYHG LQ WKH FKDLQ

RI WUDQVPLVVLRQ GHSDUWPHQW HSLVRGH GDWH GDWH RI WKH ILUVW GHWHFWHG FDVH PHFKDQLVPV RI &3(

UHVLVWDQFH EDFWHULDO VSHFLHV DQG VLWH RI LQIHFWLRQ RU FRORQL]DWLRQ LI NQRZQ (SLVRGHV ZHUH

classified as “imported” if the index case of the chain of transmission was initially infected or 

FRORQL]HG LQ D IRUHLJQ FRXQWU

WRWDO RI HSLVRGHV RI &3( ZHUH UHSRUWHG LQ )UDQFH EHWZHHQ 6HSWHPEHU DQG

'HFHPEHU 2XW RI HSLVRGHV LQFOXGHG RQO RQH FDVH DQG LQFOXGHG WZR RU

PRUH FDVHV SHU HSLVRGH 0RVW &3( HSLVRGHV ZHUH RI WKH FODVV ' FDUEDSHQHPDVH 2; ZLWK

D WRWDO RI HSLVRGHV IROORZHG E 1'0 ZLWK HSLVRGHV .3& ZLWK HSLVRGHV DQG

9,0 ZLWK HSLVRGHV WRWDO RI HSLVRGHV ZHUH OLQNHG WR LQWHUQDWLRQDOO LPSRUWHG FDVHV

GXULQJ WKH HQWLUH SHULRG 7KH HSLVRGH ZLWK WKH KLJKHVW QXPEHU RI FDVHV Q RFFXUUHG LQ

6HSWHPEHU RI DQ 2; VWUDLQ IROORZHG E D FDVH RXWEUHDN LQ 2FWREHU RI

2; %RWK RXWEUHDNV ZHUH QRW OLQNHG WR LQWHUQDWLRQDO LPSRUWDWLRQ RI 2; VWUDLQV 7KH

VSDWLDO GLVWULEXWLRQ RI &3( HSLVRGHV E PHFKDQLVP W SH DQG LPSRUWDWLRQ VWDWXV DUH VKRZQ LQ

)LJXUH



)L XUH  6SDWLDO GLVWULEXWLR RI &3( HSLVRGHV )UD FH

7KH PDMRULW RI WKH HSLVRGHV Q  RFFXUUHG LQ 3DULV ZLWKLQ WKH ,OH GH )UDQFH UHJLRQ ZLWK

WKH PDMRULW Q  EHLQJ OLQNHG WR DQ LQWHUQDWLRQDO FDVH )LJXUH 7KH VHFRQG DQG WKLUG

PRVW FRPPRQ QXPEHU RI HSLVRGHV RFFXUUHG LQ QHLJKERXULQJ GHSDUWPHQWV 9DO GH 0DUQH Q  

DQG +DXWV GH 6HLQH Q  7KHVH HSLVRGHV ZHUH GRPLQDWHG E 2; Q  LQ 3DULV

DQG Q  LQ 9DO GH 0DUQH UHVSHFWLYHO IROORZHG E 1'0 Q  LQ 3DULV DQG Q  LQ

+DXWV GH 6HLQH UHVSHFWLYHO 0RVW FDVHV RI .3& DUH IRXQG LQ WKH 9DO GH 0DUQH Q  

IROORZHG E 3DULV Q  9,0 FDVHV WKH OHDVW JHRJUDSKLFDOO GLVSHUVHG ZHUH PRVW FRPPRQ

LQ 9DO GH 0DUQH Q  DQG 0DUVHLOOH Q  2; FDVHV ZHUH WKH PRVW FRPPRQ DQG

PRVW GLVSHUVHG FRYHULQJ RXW RI D WRWDO GHSDUWPHQWV FRQWLQHQWDO GHSDUWPHQWV LQFOXGLQJ

&RUVLFD 0RQDFR DQG RYHUVHDV GHSDUWPHQWV



0RGHOOLQJ WKH HYROXWLRQ LQ WLPH RI &3( HSLVRGHV LQ )UDQFH

7LPH VHULHV PRGHO
,Q RUGHU WR SUHGLFW WKH QXPEHU RI SRWHQWLDO &3( HSLVRGHV ZH FRXOG H[SHFW LQ WKH IXWXUH ZH XVHG

D VLPSOH DSSURDFK WR HVWLPDWH IXWXUH WUHQGV DQG VKHG OLJKW RQ WKH JURZLQJ LPSRUWDQFH RI &3(

LQFLGHQFH LQ )UDQFH 7KH QXPEHU RI &3( HSLVRGHV ZDV IRUHFDVWHG XVLQJ WKH DXWRUHJUHVVLYH

LQWHJUDWHG PRYLQJ DYHUDJH 5,0 WLPH VHULHV PRGHOV ZLWK VHDVRQDOLW 6 5,0 7KH

6 5,0 S T P PRGHO FRPELQHV ERWK WKH 5,0 IRUHFDVWLQJ HTXDWLRQ

5,0 S T RI S WKH QXPEHU RI DXWR UHJUHVVLYH WHUPV RI WKH QXPEHU RI QRQ VHDVRQDO

GLIIHUHQFHV QHHGHG IRU VWDWLRQDULW DQG T WKH QXPEHU RI ODJJHG IRUHFDVW HUURUV ZLWK VHDVRQDO

WHUPV DQG E WKH QXPEHU RI VHDVRQDO XQLWV P )LJXUH 7KH VHDVRQDO PRGHO

DGGV FRPSRQHQWV WKH QXPEHU RI VHDVRQDO DXWRUHJUHVVLYH WHUPV WKH QXPEHU RI VHDVRQDO

GLIIHUHQFHV DQG WKH QXPEHU RI VHDVRQDO PRYLQJ DYHUDJH WHUPV 7KH NDLNH ,QIRUPDWLRQ

&ULWHULRQ ,& DQG %D HVLDQ ,QIRUPDWLRQ &ULWHULRQ %,& ZHUH XVHG WR VHOHFW WKH EHVW 6 5,0

PRGHO IRU HDFK HSLVRGH W SH VHSDUDWHO (DFK VHOHFWHG PRGHO ZDV XVHG WR IRUHFDVW HDUV RI

HSLVRGHV ZLWK FDOFXODWHG DQG SUHGLFWLRQ LQWHUYDOV

)L XUH 6 5,0 PRGHO E GPD WKD DVRSRXORV

)RUHFDVWLQJ UHVXOWV
'HFRPSRVLWLRQ RI WKH GDWD IURP 6HSWHPEHU WR 'HFHPEHU VKRZHG DQ LQFUHDVLQJ WUHQG

JUHHQ DQG GLVSOD HG VHDVRQDOLW RUDQJH ZLWK D SHDN QXPEHU RI HSLVRGHV GXULQJ WKH PRQWK RI

2FWREHU )LJXUH



)L XUH HFRPSRVLWLR RI WLPH VHULHV RI &3( HSLVRGHV )UD FH

8VLQJ WKH HQWLUH GDWDVHW WKH 6 5,0 PRGHO ZDV XVHG WR SUHGLFW WKH QXPEHU RI HSLVRGHV

H[SHFWHG IURP WR 7KH PRGHO SUHGLFWHG DQ LQFUHDVLQJ QXPEHU RI HSLVRGHV RYHU WLPH

DQ HVWLPDWHG DYHUDJH RI &3( HSLVRGHV SHU PRQWK E WKH HQG RI 3, >

3, > &3( HSLVRGHV SHU PRQWK E WKH HQG RI 3, >

3, > &3( HSLVRGHV SHU PRQWK E WKH HQG RI 3, > 3,

> DQG &3( HSLVRGHV SHU PRQWK E WKH HQG RI 3, > 3,

> )LJXUH



)L XUH )RUHFDVWL &3( HSLVRGHV L )UD FH

7KHUH ZDV D SUHGLFWHG ULVH LQ WKH QXPEHU RI VLQJOH FDVH HSLVRGHV XS WR VLQJOH FDVH HSLVRGHV

SHU PRQWK E WKH HQG RI DQG VWDELOL]DWLRQ RI HSLVRGHV ZLWK PRUH WKDQ RQH FDVH OHVV WKDQ

PXOWLSOH FDVH HSLVRGHV SHU PRQWK E WKH HQG RI )LJXUH 7KLV PD VXJJHVW WKDW WKH

FRQWURO PHDVXUHV LQ SODFH GXULQJ WKH SHULRG ZHUH DEOH WR FRQWURO WUDQVPLVVLRQ

EHWZHHQ LQIHFWHG LQGLYLGXDOV WKDW FRXOG KDYH UHVXOWHG LQ UHFXUULQJ KRVSLWDO RXWEUHDNV ,W VKRXOG

EH QRWHG WKDW HSLVRGHV ZLWK PRUH WKDQ WZR FDVHV XVHG WR IRUHFDVW HSLVRGHV UHSUHVHQWHG D UDQJH

EHWZHHQ WR &3( FDVHV WKHUHIRUH UHSUHVHQWLQJ ERWK VPDOO PXOWLSOH FDVH HSLVRGHV DQG ODUJHU

RXWEUHDNV



)L XUH )RUHFDVWL VL OH FDVH D G PXOWLSOH FDVH &3( HSLVRGHV

7KH QXPEHU RI HSLVRGHV QRW DVVRFLDWHG ZLWK DQ LQWHUQDWLRQDOO LPSRUWHG FDVH ZDV SUHGLFWHG WR

LQFUHDVH DW D KLJKHU UDWH WKDQ WKDW RI HSLVRGHV DVVRFLDWHG ZLWK DQ LQWHUQDWLRQDOO LPSRUWHG FDVH

VXJJHVWLQJ WKDW ORFDO VSUHDG ZRXOG VXVWDLQ WKH HSLGHPLF )LJXUH Q DYHUDJH RI DOPRVW

HSLVRGHV SHU PRQWK RI HSLVRGHV ZLWK QR OLQN WR LQWHUQDWLRQDO FDVHV ZHUH SUHGLFWHG WR RFFXU E

WKH HQG RI (SLVRGHV OLQNHG WR LQWHUQDWLRQDO FDVHV RI &3( LQIHFWLRQ ZHUH DOVR SUHGLFWHG WR

LQFUHDVH EXW RQO XS WR HSLVRGHV E WKH HQG RI 7KHUH ZHUH FOHDU WUHQGV RI VHDVRQDOLW

RI LPSRUWHG HSLVRGHV ZLWK D SUHGLFWHG SHDN QXPEHU RI HSLVRGHV LQ 2FWREHU HYHU HDU



)L XUH )RUHFDVWL LPSRUWHG D G R LPSRUWHG &3( HSLVRGHV

,Q )UDQFH 2; SURGXFLQJ (QW REDFW LDF D ZHUH WKH PRVW FRPPRQ &3( LQIHFWLRQ

2; HSLVRGHV ZHUH SUHGLFWHG WR FRQWLQXH WR GRPLQDWH DW D KLJKHU UDWH WKDQ WKDW RI 1'0

.3& DQG 9,0 )LJXUH ,Q WKH QXPEHU RI 1'0 HSLVRGHV ZDV KLJKHU WKDQ .3& DQG

9,0 % WKH HQG RI DQG DQ DYHUDJH RI UHVSHFWLYHO 3, >

3, > 3, > DQG 3, > 2; &3(

HSLVRGHV SHU PRQWK ZHUH SUHGLFWHG 1'0 FDVHV ZHUH DOVR IRUHFDVW WR LQFUHDVH ZLWK D SUHGLFWHG

DYHUDJH RI 3, > 3, > HSLVRGHV SHU PRQWK E WKH HQG RI

0RQWKO HSLVRGHV RI 9,0 DQG .3& ZHUH SUHGLFWHG WR VWDELOL]H 7KH PRGHO SUHGLFWHG EHWZHHQ

DQG 9,0 HSLVRGHV SHU PRQWK DQG EHWZHHQ WR HSLVRGHV RI .3& SHU PRQWK E WKH HQG RI



)L XUH )RUHFDVWL &3( HSLVRGHV E PHFKD LVP RI UHVLVWD FH

,Q FRQFOXVLRQ WKH QXPEHU RI &3( HSLVRGHV LQ )UDQFH KDV LQFUHDVHG RYHU WKH HDUV 7KH QXPEHU

RI HSLVRGHV ZHUH SUHGLFWHG WR LQFUHDVH UHDFKLQJ XS WR WZLFH DV PDQ HSLVRGHV E WKH HQG RI

FRPSDUHG WR WKH HQG RI (SLVRGHV WKDW ZHUH QRW OLQNHG WR LQWHUQDWLRQDO LPSRUWDWLRQ ZHUH

SUHGLFWHG WR GRPLQDWH DQG VXVWDLQ WKH HSLGHPLF ,W LV LPSRUWDQW WR QRWH WKDW WKHVH UHVXOWV DUH D

UHIOHFWLRQ RI WKH VXUYHLOODQFH GDWD ZKLFK PD KDYH EHHQ VXEMHFW WR GHWHFWLRQ DQG GHFHOHUDWLRQ

ELDV +RZHYHU WKHVH DODUPLQJ WUHQGV KLJKOLJKW WKH QHHG IRU PRUH SUHFDXWLRQV WR EH WDNHQ WR

FRQWURO WKH ORFDO VSUHDG RI &3( LQ WKH FRPLQJ HDUV



&KDSWHU 7KLUG DUWLFOH &RQWULEXWLRQ RI SDWLHQW WUDQVIHUV RQ WKH VSUHDG RI

&3( LQ )UDQFH

6XPPDU
V GHWDLOHG LQ FKDSWHU ZH VKRZHG WKDW DQ LQFUHDVLQJ QXPEHU RI &3( HSLVRGHV LQ )UDQFH KDYH

EHHQ GHFODUHG RYHU WKH HDUV PDQ RI ZKLFK KDYH EHHQ DVVRFLDWHG ZLWK FURVV ERUGHU DQG ORFDO

SDWLHQW WUDQVIHU EHWZHHQ KHDOWKFDUH IDFLOLWLHV 'HVSLWH )UDQFH XSGDWLQJ LWV QDWLRQDO JXLGHOLQHV

IRU H[WHQVLYHO GUXJ UHVLVWDQW EDFWHULD LQ UHJLRQDO DQG LQWHU UHJLRQDO VSUHDG RI &3( LQ

)UDQFH ZDV VWLOO EHLQJ UHSRUWHG 7KHUHIRUH WR FRPEDW WKH VSUHDG RI &3( WKH LPSDFW RI

SDWLHQW WUDQVIHUV RQ VSUHDG PXVW EH EHWWHU XQGHUVWRRG 6LQFH WKH LPSDFW RI SDWLHQW WUDQVIHUV RQ

VSUHDG PD YDU RXU VWXG DLPHG WR DVVHVV WKH FRQWULEXWLRQ RI WKH SDWLHQW WUDQVIHU QHWZRUN RQ

&3( VSUHDG LQ )UDQFH IURP WR

8VLQJ WKH KHDOWKFDUH QHWZRUN RI SDWLHQW WUDQVIHUV LQ )UDQFH LQ ZH XVHG D SUHYLRXVO

SXEOLVKHG VWDWLVWLFDO PHWKRG WR HPSLULFDOO WHVW WKH FRQWULEXWLRQ RI WKH QHWZRUN RQ &3( VSUHDG

2XW RI WKH WRWDO &3( HSLVRGHV UHSRUWHG EHWZHHQ DQG ZH LGHQWLILHG WKH PRVW

OLNHO SRWHQWLDO LQIHFWRU HSLVRGHV RI HDFK QRQ LPSRUWHG LQFLGHQW FDVH Q E VHOHFWLQJ

FDQGLGDWH WUDQVPLWWHU HSLVRGHV ZLWK WKH VKRUWHVW SDWK GLVWDQFH WR HDFK LQFLGHQW HSLVRGH 7KH

GLVWULEXWLRQ RI VKRUWHVW SDWK GLVWDQFHV ZDV FRPSDUHG WR VLPXODWLRQV RI SHUPXWDWLRQV RI WKH

GDWD 0XOWLSOH VSUHDGLQJ HYHQWV DQG WKH VSDWLDO GLVWULEXWLRQ RI SRWHQWLDO LQIHFWRUV DQG LQFLGHQW

HSLVRGHV ZHUH DOVR GHVFULEHG

1LQHW SHUFHQW RI LQFLGHQW HSLVRGHV KDG DQ LGHQWLILHG SRWHQWLDO LQIHFWRU HSLVRGH IRU WKH HQWLUH

VWXG SHULRG KRZHYHU ZKHQ VWUDWLI LQJ WKH GDWD E HDU RQO HSLVRGHV LQ DQG

KDG VLJQLILFDQWO VKRUWHU SDWK GLVWDQFHV FRPSDUHG WR SHUPXWDWLRQV 7KLV VXJJHVWHG WKDW WKH &3(

HSLGHPLF LQ )UDQFH WUDQVLWLRQHG IURP DQ HSLGHPLF VXVWDLQHG LPSRUWDWLRQ RI HSLVRGHV IURP RWKHU

FRXQWULHV EHIRUH WR DQ HSLGHPLF VXVWDLQHG E ORFDO WUDQVPLVVLRQ HYHQWV VXSSRUWHG E

SDWLHQW WUDQVIHUV ,Q DGGLWLRQ WKH QXPEHU RI HYHQWV OLQNLQJ SRWHQWLDO LQIHFWRUV WR PXOWLSOH

HSLVRGHV LQFUHDVHG RYHU WKH HDUV VXJJHVWLQJ WKDW KLJKO FRQQHFWHG PHWURSROHV PD KDYH OHG WR

RXWEUHDNV WKURXJK SDWLHQW WUDQVIHU



W RO RI W R S WDO SDW W W D I W
S D RI FD EDS PD S R F ( W REDFW DF D

W FD RI ) D F E W D
1DULPDQH 1HNNDE 3DVFDO UpSH 3DVFDO VWDJQHDX /XOOD 2SDWR VNL /DXUD 7HPLPH

II O DW R
/DERUDWRLUH 0(6X56 RQVHUYDWRLUH 1DWLRQDO GHV UWV HW 0pWLHUV 3DULV )UDQFH
,QVWLWXW 3DVWHXU RQVHUYDWRLUH 1DWLRQDO GHV UWV HW 0pWLHUV 8QLWp 3 5, 3DULV )UDQFH
8QLYHUVLW 5HQQHV (+(63 5(3(5(6 5HFKHUFKH HQ SKDUPDFR pSLGpPLRORJLH HW UHFRXUV DX[ VRLQV – (

5HQQHV )UDQFH
HQWUH UpJLRQDO GH SUpYHQWLRQ GHV LQIHFWLRQV DVVRFLpHV DX[ VRLQV 3LDV 3DULV )UDQFH
'pSDUWHPHQW GH VDQWp SXEOLTXH 0pGHFLQH 6RUERQQH 8QLYHUVLWp 3DULV )UDQFH
8QLYHUVLW 9HUVDLOOHV 6W 4XHQWLQ 805 % 3+, 9LOOHMXLI 3DULV )UDQFH
,QVWLWXW 3DVWHXU 805 % 3+, 3DULV )UDQFH
,QVHUP 805 %LRVWDWLVWLFV %LRPDWKHPDWLFV 3KDUPDFRHSLGHPLRORJ DQG ,QIHFWLRXV 'LVHDVHV
% 3+, 9LOOHMXLI 3DULV )UDQFH

E W DFW
7KH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH 3( KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV LV D
PDMRU SXEOLF KHDOWK WKUHDW WKDW KDV EHHQ DVVRFLDWHG LWK FURVV ERUGHU DQG ORFDO SDWLHQW WUDQVIHU EHW HHQ
KHDOWKFDUH IDFLOLWLHV 6LQFH WKH LPSDFW RI WUDQVIHUV RQ VSUHDG PD YDU RXU VWXG DLPHG WR DVVHVV WKH
FRQWULEXWLRQ RI WKH SDWLHQW WUDQVIHU QHW RUN RQ 3( VSUHDG LQ )UDQFH IURP WR 0 W R 8VLQJ
WKH )UHQFK KHDOWKFDUH QHW RUN RI PLOOLRQ SDWLHQWV H H[WHQGHG D SUHYLRXVO SURSRVHG VWDWLVWLFDO PHWKRG
DQG WHVWHG WKH DELOLW RI WKLV QHW RUN WR VXSSRUW REVHUYHG 3( LQFLGHQFH HSLVRGHV RYHU WKH VWXG
SHULRG :H DLPHG WR LGHQWLI WKH PRVW OLNHO LQIHFWRU IRU QRQ LPSRUWHG HSLVRGHV XVLQJ QHW RUN
VXSSRUWHG SDWKV 163V DQG FRPSDUHG REVHUYHG 163 GLVWDQFHV WR WKRVH H[SHFWHG E FKDQFH XVLQJ UDQGRP
SHUPXWDWLRQV RI WKH GDWD 5 OW 1LQHW SHUFHQW RI QRQ LPSRUWHG LQFLGHQW 3( HSLVRGHV HUH OLQNHG WR
SRWHQWLDO LQIHFWRU HSLVRGHV 163 GLVWDQFHV HUH VLJQLILFDQWO VKRUWHU LQ WKH REVHUYHG GDWD WKDQ H[SHFWHG E
FKDQFH IURP WR EXW QRW LQ /LQNHG HSLVRGHV WHQGHG WR RFFXU LWKLQ FORVH JHRJUDSKLF
GLVWDQFHV 0XOWLSOH VSUHDGLQJ HYHQWV LQ KLFK SRWHQWLDO LQIHFWRUV HUH OLQNHG WR PXOWLSOH VHFRQGDU LQFLGHQW
HSLVRGHV HUH LGHQWLILHG 7KH EDVHOLQH WLPH LQGR RI WR GD V EHW HHQ FDQGLGDWH WUDQVPLWWHUV DQG
WKH LQFLGHQW HSLVRGH DV VXSSRUWHG E WKH VHQVLWLYLW DQDO VLV R FO R :H REVHUYHG D WUDQVLWLRQ LQ

IURP DQ HSLGHPLF VXVWDLQHG E LPSRUWDWLRQ WR EHLQJ VXVWDLQHG E ORFDO WUDQVPLVVLRQ HYHQWV V D
FRQVHTXHQFH FRRUGLQDWHG SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO VWUDWHJLHV VKRXOG QR IRFXV RQ WUDQVIHUV RI
FDUULHUV RI 3( WR UHGXFH UHJLRQDO DQG LQWHU UHJLRQDO WUDQVPLVVLRQ

.H RUGV FDUEDSHQHP SURGXFLQJ (QWHUREDFWHULDFHDH KHDOWKFDUH QHW RUNV SDWLHQW WUDQVIHUV



, W R FW R
7KH LQFUHDVLQJ QXPEHU RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH 3( VWUDLQV SRVHV D PDMRU WKUHDW
WR KHDOWKFDUH V VWHPV DQG MHRSDUGL]HV SDWLHQW VDIHW > Q DODUPLQJ UHSRUW E WKH (XURSHDQ HQWUH IRU
'LVHDVH RQWURO ( ' LQ GHVFULEHG UHJLRQDO DQG LQWHU UHJLRQDO VSUHDG RI 3( LQFOXGLQJ IRXU FRXQWULHV
LQ KLFK 3( KDV EHFRPH HQGHPLF > 3( VSUHDG DQG VXEVHTXHQW RXWEUHDNV KDYH EHHQ OLQNHG WR WUDQVIHUV
RI SDWLHQWV EHW HHQ KHDOWKFDUH IDFLOLWLHV LWKLQ FRXQWULHV DQG DFURVV QDWLRQDO ERUGHUV > 'XH WR WKH
XQOLNHOLQHVV WKDW QH DQWLELRWLFV WR UHSODFH FDUEDSHQHPV LOO EHFRPH DYDLODEOH LQ WKH QHDU IXWXUH FRQWUROOLQJ
3( VSUHDG DFURVV KHDOWKFDUH V VWHPV LV HVVHQWLDO 7KLV UHTXLUHV EHWWHU XQGHUVWDQGLQJ RI WKH LPSDFW RI
WUDQVIHU SDWWHUQV RQ WKH VSUHDG RI QRVRFRPLDO SDWKRJHQV

2YHU UHFHQW HDUV VHYHUDO VWXGLHV KDYH FRUUHODWHG PHDVXUHV RI KRVSLWDO FRQQHFWLYLW LQ KHDOWKFDUH QHW RUNV
RI SDWLHQW WUDQVIHUV WR 3( LQFLGHQFH LQ KHDOWKFDUH IDFLOLWLHV XQGHUOLQLQJ WKH LPSRUWDQFH RI FRRUGLQDWHG
FRQWURO PHDVXUHV DW WKH UHJLRQDO VFDOH > +R HYHU PDQ TXHVWLRQV KDYH EHHQ OHIW XQDQV HUHG ,Q
SDUWLFXODU GHVSLWH VWXGLHV GRFXPHQWLQJ WKH WUDQVPLVVLRQ FKDLQV RI FURVV ERUGHU WUDQVIHU RI 3( VWUDLQV DQG
KRVSLWDO RXWEUHDNV WKH RYHUDOO FRQWULEXWLRQ RI LQWHU KRVSLWDO WUDQVIHUV RQ VSDWLDO GLVSHUVDO RI 3( RYHU WLPH
KDV QRW HW EHHQ DVVHVVHG

,Q WKLV VWXG H DLPHG WR LQYHVWLJDWH WKH FRQWULEXWLRQ RI SDWLHQW WUDQVIHUV RQ WKH VSUHDG RI 3( LQ )UDQFH
DQG LQ DGGLWLRQ WR WKH REVHUYDWLRQV WKDW KDYH EHHQ PDGH RYHU WKH SDVW IH HDUV WR IXUWKHU GHVFULEH WKH
HSLGHPLF ,QGHHG RQ WKH RQH KDQG DQ LQFUHDVLQJ QXPEHU RI 2; FDVHV FODVV ' EHWD ODFWDPDVHV LWK
R[DFLOOLQDVH DFWLYLW FRPLQJ LQWR )UDQFH IURP FURVV ERUGHU WUDQVIHUV KDYH EHHQ UHSRUWHG LQ UHFHQW HDUV >

2Q WKH RWKHU KDQG GHVSLWH XSGDWHG QDWLRQDO JXLGHOLQHV DQG VWUDWHJLHV IURP WKH WR WKH
SHULRG )UDQFH DGYDQFHG IURP DQ HSLGHPLRORJLFDO VWDJH RI UHJLRQDO VSUHDG WR D VWDJH RI

LQWHU UHJLRQDO VSUHDG RI 3( >

,Q RUGHU WR DVVHVV WKH H[WHQW WR KLFK SDWLHQW WUDQVIHUV PD KDYH FRQWULEXWHG WR WKH WUDQVLWLRQ IURP UHJLRQDO
WR LQWHU UHJLRQDO VSUHDG RI 3( LQ )UDQFH H UHOLHG RQ D SUHYLRXVO SXEOLVKHG KHDOWKFDUH QHW RUN RI SDWLHQW
WUDQVIHUV LQ )UDQFH > 7R HPSLULFDOO WHVW WKH FRQWULEXWLRQ RI WKH QHW RUN RQ 3( HSLVRGH LQFLGHQFH H
H[WHQGHG D SUHYLRXVO SURSRVHG VWDWLVWLFDO PHWKRG WKDW DVVHVVHG WKH FRQWULEXWLRQ RI D FRQWDFW QHW RUN RI
SDWLHQWV DQG KHDOWKFDUH RUNHUV RQ 6WDSK ORFRFFXV DXUHXV VSUHDG LQ D KRVSLWDO VHWWLQJ > )RU WKH WR

SHULRG H HYDOXDWHG WKH QXPEHU RI 3( HSLVRGHV LWK QHW RUN VXSSRUWHG SDWKV 163V GHVFULEHG
WKH QXPEHU RI 3( HSLVRGHV OLQNHG WR SDWLHQW WUDQVIHU DQG FRQGXFWHG D VHQVLWLYLW DQDO VLV RQ WKH
WUDQVPLVVLRQ LQGR EHW HHQ SRWHQWLDO LQIHFWRU HSLVRGHV DQG LQFLGHQW HSLVRGHV

0 W R
3( S R DWD

6XUYHLOODQFH GDWD RI 3( HSLVRGHV RFFXUULQJ LQ FRQWLQHQWDO )UDQFH IURP -DQXDU WR 'HFHPEHU
HUH XVHG LQ WKH DQDO VLV 'DWD HUH FROOHFWHG E 3XEOLF +HDOWK )UDQFH WKURXJK WKH + , (:56 DFWLYH

VXUYHLOODQFH V VWHP 3( HSLVRGHV HUH GHILQHG DV D FDVH RU JURXS RI FDVHV LQIHFWHG LWK WKH VDPH VWUDLQ
RI 3( NQR Q WR KDYH EHHQ LQ FRQWDFW LWK RQH DQRWKHU DQG LGHQWLILHG E DXWKRULWLHV GXULQJ WKH RXWEUHDN
LQYHVWLJDWLRQ (SLVRGHV HUH GHVFULEHG E WKH QXPEHU RI LQGLYLGXDO FDVHV LQYROYHG LQ WKH FKDLQ RI
WUDQVPLVVLRQ GHSDUWPHQW HSLVRGH GDWH GDWH RI WKH ILUVW GHWHFWHG FDVH PHFKDQLVP V RI 3( UHVLVWDQFH
bacterial species, and site of infection or colonization if known. Episodes were classified as “imported” if the 
LQGH[ FDVH RI WKH FKDLQ RI WUDQVPLVVLRQ DV LQLWLDOO LQIHFWHG RU FRORQL]HG LQ D IRUHLJQ FRXQWU :H DVVXPHG
WKDW IRU HSLVRGHV LQ KLFK WKHUH HUH PXOWLSOH FDVHV WKH FDVHV DOO RFFXUUHG LQ WKH VDPH GHSDUWPHQW

SD WP W W R N
7KH QHW RUN RI SDWLHQW WUDQVIHUV EHW HHQ KRVSLWDOV DQG KHDOWKFDUH FHQWUHV LQ DV EXLOW DQG GHVFULEHG
LQ GHWDLO LQ D SUHYLRXV VWXG E WKH DXWKRUV > 3DWLHQW WUDQVIHU GDWD DV FROOHFWHG IURP WKH QDWLRQDO KRVSLWDO



GLVFKDUJH GDWDEDVH D FRPSUHKHQVLYH PHGLFR DGPLQLVWUDWLYH GDWDEDVH RI SDWLHQW GLVFKDUJH VXPPDULHV 2QO
GLUHFW KRVSLWDO WR KRVSLWDO RU PHGLFDO DUG WUDQVIHUV HUH FRQVLGHUHG 7KH KRVSLWDO QHW RUN DV WUDQVIRUPHG
LQWR DQ DGMDFHQF PDWUL[ RI QRGHV UHSUHVHQWLQJ DGPLQLVWUDWLYH GHSDUWPHQWV LWK WKH HGJHV UHSUHVHQWLQJ
WKH FRQQHFWLRQV EHW HHQ GHSDUWPHQWV )UHQFK DGPLQLVWUDWLYH GLYLVLRQ EHW HHQ WKH DGPLQLVWUDWLYH UHJLRQV
DQG WKH FRPPXQHV 7KH GHSDUWPHQW QHW RUN HGJH HLJKWV HUH JLYHQ DV WKH VXP RI WKH QXPEHU RI
KRVSLWDO WUDQVIHUV EHW HHQ GHSDUWPHQWV IRU WKH HQWLUH HDU RI V VKR Q LQ WKH SUHYLRXV VWXG RQ WKH
QHW RUN WKH QXPEHU RI SDWLHQW WUDQVIHUV UHPDLQHG VWDEOH GXULQJ WKH HDU ,Q WKLV DQDO VLV H DVVXPHG
WKDW WKH QXPEHU RI LQWHU GHSDUWPHQW WUDQVIHUV LQ HUH FRPSDUDEOH RYHU WLPH DQG WKHUHIRUH H XVHG
WKLV QHW RUN IRU WKH HQWLUH VWXG SHULRG

3RW W DO I FWR W I FDW R
,Q WKH PHWKRGRORJ SURSRVHG E 2EDGLD DQG FROOHDJXHV > WKH DXWKRUV XVHG D KRVSLWDO QHW RUN RI
SDWLHQWV DQG KHDOWKFDUH RUNHUV FRQWDFWV WR LGHQWLI IRU LQFLGHQW FRORQL]DWLRQ HSLVRGHV RI 6WDSK ORFRFFXV
DXUHXV WKH SRWHQWLDO LQIHFWRUV WKDW HUH EHVW VXSSRUWHG E WKH QHW RUN LQ WHUPV RI SDWK GLVWDQFH 7KH
GLVWULEXWLRQ RI REVHUYHG SDWK GLVWDQFHV EHW HHQ LQFLGHQW FDVHV DQG WKHLU FORVHVW SRWHQWLDO LQIHFWRU DV
FRPSDUHG WR WKDW REWDLQHG XVLQJ UDQGRPO GLVWULEXWHG FRORQL]DWLRQ GDWD RYHU WKH VDPH QHW RUN

+HUH UDWKHU WKDQ D FRQWDFW QHW RUN H XVHG WKH GHSDUWPHQW QHW RUN RI SDWLHQW WUDQVIHUV WR LGHQWLI WKH
PRVW OLNHO SRWHQWLDO LQIHFWRU IRU 3( LQFLGHQW HSLVRGHV :H DVVXPHG WKDW WUDQVPLVVLRQ FRXOG KDYH RFFXUUHG
HTXDOO DPRQJ HSLVRGHV LWK FRORQLVHG RU LQIHFWHG FDVHV RU ERWK DQG DPRQJ DOO JHQHUD RI
(QWHUREDFWHULDFHDH (DFK QRQ LPSRUWHG LQFLGHQW 3( HSLVRGH DV LQYHVWLJDWHG XVLQJ WKH IROOR LQJ
DOJRULWKP

OO HSLVRGHV LQYROYLQJ 3( LWK WKH VDPH PHFKDQLVP V RI UHVLVWDQFH WKDW RFFXUUHG LWKLQ D VSHFLILF
WLPH LQGR SULRU WR WKH LQFLGHQW QRQ LPSRUWHG HSLVRGH LQ DQ QHW RUN GHSDUWPHQW HUH FRQVLGHUHG
“candidate transmitters”
OO 163V EHW HHQ WKH LQFLGHQW HSLVRGH GHSDUWPHQW DQG DOO FDQGLGDWH WUDQVPLWWHU GHSDUWPHQWV HUH
FRPSLOHG IURP D PDWUL[ RI WRWDO DQQXDO WUDQVIHUV RI SDWLHQWV EHW HHQ HDFK GHSDUWPHQW
)RU D JLYHQ LQFLGHQW HSLVRGH WKH FDQGLGDWH WUDQVPLWWHU LWK WKH VKRUWHVW 163 OHQJWK EHW HHQ LWV
GHSDUWPHQW DQG WKH LQFLGHQW HSLVRGH GHSDUWPHQW DV FRQVLGHUHG DV WKH PRVW OLNHO SRWHQWLDO
LQIHFWRU

,Q RUGHU WR VWDWLVWLFDOO DVVHVV WKH SDWLHQW WUDQVIHU LPSDFW WKH GLVWULEXWLRQ RI VKRUWHVW SDWK OHQJWKV EHW HHQ
HDFK QRQ LPSRUWHG 3( HSLVRGH DQG LWV SRWHQWLDO LQIHFWRU DV FRPSDUHG WR WKH GLVWULEXWLRQ H[SHFWHG XQGHU
WKH QXOO K SRWKHVLV RI LQGHSHQGHQFH EHW HHQ 3( WUDQVPLVVLRQ DQG WKH GHSDUWPHQW QHW RUN RI KRVSLWDO
WUDQVIHUV ([SHFWHG VKRUWHVW SDWK OHQJWKV XQGHU WKH QXOO K SRWKHVLV HUH GHWHUPLQHG XVLQJ D UDQGRP
SHUPXWDWLRQ RI WKH GHSDUWPHQWV RI DOO HSLVRGHV GHVFULEHG LQ PRUH GHWDLO LQ 6XSSOHPHQW )LYH KXQGUHG
SHUPXWDWLRQV HQRXJK WR HQVXUH VWDELOLW RI UHVXOWV HUH JHQHUDWHG DQG WKH DOJRULWKP RI SRWHQWLDO LQIHFWRU
VHOHFWLRQ IROOR HG IRU HDFK SHUPXWDWLRQ (DFK LQFLGHQW HSLVRGH DQG LWV QH SRWHQWLDO LQIHFWRU 163V IURP
UDQGRPO SHUPXWHG GDWD HUH DYHUDJHG SURGXFLQJ D GLVWULEXWLRQ RI VKRUWHVW SDWK GLVWDQFHV H[SHFWHG XQGHU
WKH QXOO K SRWKHVLV 7KH REVHUYHG GLVWULEXWLRQ DV FRPSDUHG WR WKH GLVWULEXWLRQ RI WKH SHUPXWDWHG 163
XVLQJ D SDLUHG :LOFR[RQ VLJQHG UDQN WHVW

R F RI D W P R IR FD DW W D P WW O FW R
8QGHUVWDQGLQJ WKH WLPH LW WDNHV IRU 3( FRORQL]DWLRQ RU LQIHFWLRQ WR EH GHWHFWHG LQ RQH KRVSLWDO DIWHU LWV
FRQWDPLQDWLRQ YLD SDWLHQW WUDQVIHUV IURP DQRWKHU KRVSLWDO LV HVVHQWLDO LQ EHLQJ DEOH WR DSSURSULDWHO OLQN 3(
HSLVRGHV 7KH HVWLPDWLRQ RI WKLV GHOD WLPH UHOLHV RQ GDWD IURP RXWEUHDN LQYHVWLJDWLRQV

7KH PHGLDQ GXUDWLRQ RI 3( RXWEUHDNV LQ )UHQFK KRVSLWDOV IURP WR DV HVWLPDWHG DW GD V >
,Q DGGLWLRQ D IH VWXGLHV KDYH UHSRUWHG WKH GHOD WLPH LQ WKH GHWHFWLRQ RI 3( FRORQL]DWLRQ RU LQIHFWLRQ
EHW HHQ KHDOWKFDUH IDFLOLWLHV DV D UHVXOW RI ORFDO SDWLHQW WUDQVIHUV ,Q D PXOWL KRVSLWDO RXWEUHDN RI
FDUEDSHQHPDVH SURGXFLQJ .OHEVLHOOD SQHXPRQLDH .3 W R SDWLHQW FRQWDFWV HUH WUDQVIHUUHG DQG
GHWHFWHG SRVLWLYH LQ W R RWKHU KRVSLWDO IDFLOLWLHV DQG GD V DIWHU WKH GHWHFWLRQ RI WKH KRVSLWDO LQGH[



FDVHV > ,Q DQRWKHU .3 RXWEUHDN IROOR LQJ SDWLHQW WUDQVIHUV RXW RI WKH KRVSLWDO LQ KLFK WKH RXWEUHDN
RULJLQDWHG .3 FRORQL]DWLRQ DV GHWHFWHG LQ W R RWKHU KRVSLWDOV UHVSHFWLYHO DQG GD V DIWHU GHWHFWLRQ
RI WKH LQGH[ FDVH LQ WKH RULJLQDO KRVSLWDO >

%DVHG RQ WKLV GDWD IRU WKLV VWXG H FKRVH WR ORRN IRU SRWHQWLDO LQIHFWRUV RI LQFLGHQW 3( HSLVRGHV LQ D
HHN WLPH LQGR UDQJLQJ IURP WR GD V :> EHIRUH WKH LQFLGHQW HSLVRGH (L VHQVLWLYLW DQDO VLV
DV FRQGXFWHG WR FRPSDUH WKLV EDVHOLQH LQGR WR D VOLGLQJ HHN LQGR VWDUWLQJ IURP :> WR :>

EHIRUH WKH QRWLILFDWLRQ RI (L

WD F FRPS WDW R W W SD WP W W R N
,Q RUGHU WR LGHQWLI WKH FORVHVW SRWHQWLDO LQIHFWRUV RYHU WKH HLJKWHG GHSDUWPHQW QHW RUN H ILUVW FRQYHUWHG
WKH HGJH HLJKWV LM WR DQQXDO WUDQVIHU UDWHV WLM E GLYLGLQJ WKH WRWDO QXPEHU LM RI WUDQVIHUV IURP GHSDUWPHQW
L WR GHSDUWPHQW M E WKH VXP RI DOO SDWLHQW DGPLVVLRQV LQ WKH RULJLQ GHSDUWPHQW L� = ��
:H WKHQ GHILQHG DV WKH GLVWDQFH IURP GHSDUWPHQW L WR M DV WKH QHJDWLYH ORJ RI WKH WUDQVIHU UDWH WLM� = −log �
6KRUWHVW SDWK GLVWDQFHV HUH FRPSXWHG XVLQJ Dijkstra’s algorithm with the R package “igraph.”> QRWKHU
GLVWDQFH GHILQLWLRQ SURSRVHG LQ D UHFHQW SDSHU E 'RQNHU HW DO > DV DOVR LQYHVWLJDWHG LQ D VHQVLWLYLW
DQDO VLV 6XSSOHPHQW

0 OW SO S D Y W
:H GHILQHG PXOWLSOH VSUHDGLQJ HYHQWV DV HYHQWV KHQ VHYHUDO LQFLGHQW HSLVRGHV VKDUHG WKH VDPH PRVW OLNHO
SRWHQWLDO LQIHFWRU :H DVVHVVHG WKH GLVWULEXWLRQ RI WKH VL]H RI WKH PXOWLSOH VSUHDGLQJ HYHQWV WKHLU HYROXWLRQ
RYHU WLPH DQG WKH VSDWLDO FKDUDFWHULVWLFV RI WKHVH HYHQWV

5 OW
WRWDO RI PLOOLRQ SDWLHQWV LWK D WRWDO RI WHQ PLOOLRQ GLUHFW WUDQVIHUV HUH UHFRUGHG LQ 7KH

GHSDUWPHQW QHW RUN LQFOXGHG GHSDUWPHQWV VSDQQLQJ FRQWLQHQWDO )UDQFH DQG FRQQHFWLRQV
FRPSULVHG RI KRVSLWDOV DQG KHDOWKFDUH FHQWUHV 2YHU WKH HDU D PHDQ RI SDWLHQWV HUH
WUDQVIHUUHG EHW HHQ GHSDUWPHQWV LWK WKH PD[LPXP RI SDWLHQW WUDQVIHUV LWKLQ RQH FRQQHFWLRQ
%DVHG RQ WKH KHDOWKFDUH QHW RUN VWUXFWXUH H VKR WKH QXPEHU RI DQQXDO 3( HSLVRGHV RFFXUULQJ
LQ HDFK GHSDUWPHQW RYHU WKH SHULRG LQ )LJXUH

) 1 W R N RI SDW W W D I E W ) F SD WP W D F W 3(
S R RFF E W D 7KH GHSDUWPHQW QHW RUN LV FRPSULVHG RI
GHSDUWPHQWV WKH W R GHSDUWPHQWV LQ RUVLFD DQG % HUH PHUJHG DQG W R GHSDUWPHQWV DQG

GLG QRW KDYH DQ SDWLHQW WUDQVIHUV OLQNHG WRJHWKHU E RYHU FRQQHFWLRQV JUH OLQHV 1HW RUN
FRPSRQHQWV DUH JHR localized to the department’s prefecture. )RU HDFK GHSDUWPHQW WKH FXPXODWHG
QXPEHU RI LQFLGHQW 3( HSLVRGHV UHSRUWHG LQ KRVSLWDOV RI WKH GHSDUWPHQW IURP WR LV GHSLFWHG
E D FLUFOH 7KH ERWWRP ULJKW PXOWL OHYHO SLH FKDUW SURYLGHV WKH SURSRUWLRQ RI LQFLGHQW 3( HSLVRGHV IRU
HDFK HDU DORQJ LWK WKHLU LPSRUWDWLRQ VWDWXV DQG PHFKDQLVPV RI UHVLVWDQFH



PRQJ WKH HSLVRGHV LQFOXGHG LQ WKH VWXG DOO WKUHH FODVVHV RI FDUEDSHQHPDVHV % DQG ' >
HUH UHSRUWHG LWK RI FODVV ' 2; HQ] PH SURGXFLQJ (QWHUREDFWHULDFHDH 7KH QXPEHU RI 3(

HSLVRGHV LQFUHDVHG DOPRVW IRXU IROG GXULQJ WKH IRXU HDU WLPH VSDQ UHDFKLQJ D WRWDO RI HSLVRGHV LQ
7KH SURSRUWLRQ RI HSLVRGHV QRW OLQNHG WR LPSRUWDWLRQ IURP FURVV ERUGHU WUDQVIHU LQFUHDVHG

VLJQLILFDQWO RYHU WLPH IURP LQ WR LQ ; WHVW IRU WUHQG LQ SURSRUWLRQV S YDOXH  
[

2XW RI WKH WRWDO QRQ LPSRUWHG LQFLGHQW HSLVRGHV H DLPHG WR LGHQWLI D SRWHQWLDO LQIHFWRU IRU HDFK
HSLVRGH RYHU WKH HQWLUH WR SHULRG DQG IRU HDFK HDU LQGHSHQGHQWO 7DEOH 2XU UHVXOWV
VKR HG WKDW KHQ XVLQJ WKH EDVHOLQH WLPH LQGR RU RI WKH QRQ LPSRUWHG HSLVRGHV HUH
OLQNHG WR D SRWHQWLDO LQIHFWRU RYHU WKH HQWLUH VWXG SHULRG :HLJKWHG 163 GLVWDQFHV EHW HHQ WKH LQFLGHQW
HSLVRGHV DQG WKHLU FORVHVW SRWHQWLDO LQIHFWRUV HUH VLJQLILFDQWO VKRUWHU WKDQ WKH 163 GLVWDQFHV RI WKH
VDPH LQFLGHQW HSLVRGHV DQG WKHLU SRWHQWLDO LQIHFWRUV IURP SHUPXWDWLRQV RI WKH GHSDUWPHQWV :LOFR[RQ
SDLUHG UDQN VXP WHVW S YDOXH  [

7DEO D DFW W F RI FD EDS PD S R F ( W REDFW DF D S R
) D F I RP WR

D

7RWDO S R
,PSR W S R
1R PSR W S R
1R PSR W S R W
SRW W DO I FWR
163 WD F RI RE Y
DWD P D , > > > > >

163 WD F RI S P WDW R
P D , > > > > >
3 YDO [ [ [
163 QHW RUN VXSSRUWHG SDWK



:LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXH FRPSDULQJ RI 163 GLVWDQFHV EHW HHQ REVHUYHG DQG SHUPXWHG GDWD

:KHQ WKHVH UHVXOWV HUH VWUDWLILHG E HDU D SRWHQWLDO LQIHFWRU DV LGHQWLILHG RYHU WKH GHSDUWPHQW QHW RUN
IRU LQ WR LQ RI QRQ LPSRUWHG HSLVRGHV 2EVHUYHG HLJKWHG 163 GLVWDQFHV HUH
VLJQLILFDQWO VKRUWHU WKDQ WKH 163 GLVWDQFHV RI WKH SHUPXWDWLRQV RI WKH GDWD IRU DQG
HSLVRGHV :LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXH  [ [ UHVSHFWLYHO RQYHUVHO
LQ HLJKWHG 163 GLVWDQFHV GLG QRW GLIIHU VLJQLILFDQWO :LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXH 
6LPLODU UHVXOWV HUH REWDLQHG XVLQJ WKH GLVWDQFH GHILQLWLRQ VXJJHVWHG E 'RQNHU HW DO 6XSSOHPHQW

7KH SHUFHQW RI PXOWLSOH VSUHDGLQJ HYHQWV LQFUHDVHG VLJQLILFDQWO RYHU WKH IRXU HDUV 6XSSOHPHQW )URP
LQ WR LQ RI WKH LGHQWLILHG SRWHQWLDO LQIHFWRUV HUH OLQNHG WR PXOWLSOH VSUHDGLQJ

HYHQWV 7KH VL]H RI WKH PXOWLSOH VSUHDGLQJ HYHQWV DOVR LQFUHDVHG W R SRWHQWLDO LQIHFWRUV HUH HDFK OLQNHG
WR IRXU LQFLGHQW HSLVRGHV LQ WKUHH LQIHFWRUV WR ILYH LQFLGHQW HSLVRGHV HDFK LQ RQH LQIHFWRU WR
VHYHQ LQFLGHQW HSLVRGHV LQ DQG RQH LQIHFWRU WR QLQH LQFLGHQW HSLVRGHV LQ 6XSSOHPHQW
+R HYHU WKHUH DV QR HYLGHQFH RI DQ DVVRFLDWLRQ EHW HHQ WKH QXPEHU RI FDVHV SHU SRWHQWLDO LQIHFWRU
HSLVRGH DQG WKH VL]H RI WKH PXOWLSOH VSUHDGLQJ HYHQWV Kendall’s rank correlation tau LWK DYHUDJHG WLHV S
YDOXH DQG IRU WR DQG GDWD UHVSHFWLYHO
7KH ODUJHVW RI WKHVH HYHQWV RULJLQDWHG LQ WKH 3DULV GHSDUWPHQW DQG RWKHU GHSDUWPHQWV LWK ODUJH PHWURSROHV
VXFK DV 0DUVHLOOH / RQ DQG 7RXORQ 6XSSOHPHQW

7KH SURSRUWLRQ RI SRWHQWLDO LQIHFWRUV LGHQWLILHG LWKLQ WKH VDPH GHSDUWPHQW DV WKH LQFLGHQW FDVH GLG QRW
GLIIHU VLJQLILFDQWO EHW HHQ WKH REVHUYHG DQG SHUPXWDWHG GDWD KHQ DOO HDUV HUH FRPELQHG 6XSSOHPHQW

+R HYHU E HDU WKH SURSRUWLRQ RI HSLVRGHV VKDULQJ WKH VDPH GHSDUWPHQW DV WKHLU SRWHQWLDO LQIHFWRU
LQFUHDVHG VLJQLILFDQWO IURP LQ WR LQ ; WHVW IRU WUHQG LQ SURSRUWLRQV S YDOXH  [

)LJXUH )RU 163V LGHQWLILHG EHW HHQ HSLVRGHV RI GLIIHUHQW GHSDUWPHQWV WKH PDMRULW HUH LWKLQ
FORVH JHRJUDSKLF GLVWDQFH RI RQH DQRWKHU DQG WKH DYHUDJH GLVWDQFH EHW HHQ WKHP UHGXFHG RYHU WLPH IURP

NP LQ WR NP LQ 6XSSOHPHQW

) W E W R RI W R N SSR W SDW WD F IR RE Y DWD D
S P WDW R E D WRWDO RI DQG 163 GLVWDQFHV DUH VKR Q IRU DQG
UHVSHFWLYHO 7KH GHQVLW GLVWULEXWLRQ LV VKR Q IRU REVHUYHG GDWD 163 GLVWDQFHV OLJKW JUHHQ DQG WKH PHDQ 163
GLVWDQFHV RI WKH SHUPXWDWLRQV GDUN JUHHQ 'LVWDQFHV RI ]HUR FRUUHVSRQG WR SDWKV WKDW RFFXU LQ WKH VDPH
GHSDUWPHQW 'LVWDQFHV RI RQH FRUUHVSRQG WR D UDQJH RI GLVWDQFHV EHW HHQ ]HUR DQG RQH WKH VDPH DSSOLHV WR GLVWDQFHV
W R WKURXJK



VHQVLWLYLW DQDO VLV DV FRQGXFWHG LQ RUGHU WR FRPSDUH WKH EDVHOLQH WLPH LQGR IRU VHOHFWLQJ
FDQGLGDWH WUDQVPLWWHUV WR D VOLGLQJ RQH HHN LQGR VWDUWLQJ IURP WR GD V :> WR :> SULRU WR
WKH LQFLGHQW HSLVRGH VWDUWLQJ GDWH 7KH UHVXOWV IRU WKH FRPELQHG HDUV FDQ EH IRXQG LQ 6XSSOHPHQW 7KH
:LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXHV IRU DOO WLPH LQGR V VKR Q LQ )LJXUH DUH JLYHQ LQ 6XSSOHPHQW
:KHQ FRPSDULQJ DOO WLPH LQGR V IRU WKH FRPELQHG HDUV WKH PRVW VLJQLILFDQW GLIIHUHQFH DV REVHUYHG IRU
:> DQG WKH EDVHOLQH 6XSSOHPHQW ,Q RQO IRXU LQGR V VKR HG D VLJQLILFDQW GLIIHUHQFH
EHW HHQ WKH GDWD DQG SHUPXWDWLRQV RQYHUVHO WKH WHVW VKR HG D VWDWLVWLFDOO VLJQLILFDQW GLIIHUHQFH
EHW HHQ WKH PHDQ 163 GLVWDQFHV EHW HHQ LQFLGHQW 3( HSLVRGHV DQG WKHLU SRWHQWLDO LQIHFWRU IRU DOO LQGR V
LQ ,Q WKH LQGR V LWK WKH OR HVW PHDQ 163 GLVWDQFH FRUUHVSRQGHG WR :> DQG WKH EDVHOLQH
LQGR :> KLOH IRU LW FRUUHVSRQGHG WR WKH :> DQG :> LQGR 7KH PRVW VLJQLILFDQW

GLIIHUHQFHV HUH REVHUYHG IRU :> LQ :> LQ DQG :> LQ +R HYHU IRU DOO WLPH
LQGR V LGHQWLI LQJ SRWHQWLDO LQIHFWRUV WR GD V SULRU WKH LQFLGHQW HSLVRGH GDWH WKH UHVXOWV HUH

VLPLODU LWK VLJQLILFDQWO VKRUWHU GLVWDQFHV IRU EXW QRW IRU )LJXUH 6XSSOHPHQW

) 6 W Y W D DO R W PSDFW RI W W P R F R WR ORRN IR FD DW
W D P WW P D 163 WD F E W F W S R D W FOR W SRW W DO

I FWR REWD IR O N W P R )RU HDFK HDU WKH PHDQ 163 GLVWDQFH
LV SORWWHG DV D IXQFWLRQ RI WKH ILUVW GD RI WKH HHN WLPH LQGR :LQGR Q IRU REVHUYHG GDWD LQ UHG DQG SHUPXWHG
GDWD LQ EODFN )RU WKH SHUPXWDWLRQV FRQILGHQFH EDQGV DUH DOVR SURYLGHG



F R
:H HUH DEOH WR DGDSW D SUHYLRXVO SURSRVHG VWDWLVWLFDO PHWKRGRORJ WR TXDQWLI WKH LPSDFW RI WKH
KHDOWKFDUH QHW RUN RI SDWLHQW WUDQVIHUV WR 3( WUDQVPLVVLRQ RYHU D IRXU HDU SHULRG 2XU VWXG VXJJHVWV
WKDW WKHUH LV DQ DVVRFLDWLRQ EHW HHQ WKH GHSDUWPHQW QHW RUN RI KRVSLWDO SDWLHQW WUDQVIHUV DQG WKH VSUHDG
RI 3( HSLVRGHV RYHU WLPH

'XH WR D ODFN RI LQIRUPDWLRQ UHJDUGLQJ KRVSLWDOV LQ KLFK WKH 3( HSLVRGHV HUH UHSRUWHG H UHOLHG VROHO
RQ WKH GHSDUWPHQW RI WKH HSLVRGHV :H DVVXPHG WKDW WUDQVIHU UDWHV EHW HHQ KRVSLWDOV RI WKH VDPH
GHSDUWPHQW HUH KRPRJHQRXV OWKRXJK WKLV GUD EDFN PD KDYH UHGXFHG WKH SR HU RI WKH VWXG H HUH
VWLOO DEOH WR VKR VWDWLVWLFDOO VLJQLILFDQW GLIIHUHQFHV EHW HHQ WKH 163 GLVWDQFHV LQ WKH REVHUYHG 3( HSLVRGH
GDWD DQG WKH SHUPXWDWLRQV GXH WR VXIILFLHQW KHWHURJHQHLW LQ WKH WUDQVIHU UDWHV EHW HHQ GHSDUWPHQWV

6LQFH 3( KRVSLWDO RXWEUHDN GXUDWLRQ KDV EHHQ HVWLPDWHG WR ODVW DSSUR[LPDWHO WKUHH HHNV > H
DVVXPHG WKDW SRWHQWLDO LQIHFWRU HSLVRGHV PD OHDG WR PXOWLSOH VHFRQGDU HSLVRGHV LQ RWKHU KRVSLWDOV
7KHUHIRUH WR UHGXFH WKH ULVN RI OLQNLQJ LQFLGHQW HSLVRGHV WR RWKHU VHFRQGDU HSLVRGHV IURP SRWHQWLDOO WKH
VDPH LQIHFWRU HSLVRGH H GHHPHG LW DSSURSULDWH WR VHOHFW D EDVHOLQH LQGR UDQJLQJ IURP WR GD V
SULRU WR WKH GDWH RI WKH LQFLGHQW HSLVRGH IRU FDQGLGDWH WUDQVPLWWHU VHOHFWLRQ ,Q DGGLWLRQ WKH EDVHOLQH LQGR
DV VXSSRUWHG E WKH VHQVLWLYLW DQDO VLV UHVXOWV KHUH H REVHUYHG WKDW DPRQJ DOO LQGR V LW SURYLGHG

WKH OR HVW PHDQ GLVWDQFH RI 163V DV HOO DV WKH ODUJHVW GLIIHUHQFH LWK WKH PHDQ 163 GLVWDQFH IURP WKH
SHUPXWDWLRQV LQ +R HYHU LW LV LPSRUWDQW WR QRWH WKDW RWKHU LQGR V DURXQG WKH EDVHOLQH DOVR JDYH
VLJQLILFDQWO VKRUWHU GLVWDQFHV 7KHUHIRUH H HVWLPDWH D GHOD LQ QRWLILFDWLRQ RI 3( HSLVRGHV EHW HHQ
KRVSLWDOV GXH WR SDWLHQW WUDQVIHU FRXOG RFFXU LWKLQ WR GD V DIWHU LQLWLDO QRWLILFDWLRQ LQ DQ LQGH[ KRVSLWDO

2XU UHVXOWV VXJJHVW WKDW WKH G QDPLFV RI 3( WUDQVPLVVLRQ LQ )UDQFH KDYH FKDQJHG RYHU WLPH %HW HHQ
DQG H HUH DEOH WR VKR HYLGHQFH XVLQJ 163 GLVWDQFHV WR HYDOXDWH WKH FKDQJLQJ G QDPLFV RI

3( VSUHDG HYLGHQFH WKDW VXSSRUWV SRWHQWLDO 3( VSDWLDO VSUHDG WKURXJK WKH FDUULDJH RI 3( E WUDQVIHUUHG
SDWLHQWV EHW HHQ )UHQFK GHSDUWPHQWV 3( HSLVRGHV IURP HUH QRW VXSSRUWHG E WKH WUDQVIHU QHW RUN
DQG FDQ EH H[SODLQHG E RWKHU VRXUFHV RI WUDQVPLVVLRQ VXFK DV SUHYLRXV KRVSLWDOL]DWLRQV VWD V LQ D IRUHLJQ
FRXQWU RU GLUHFW FURVV ERUGHU WUDQVIHUV 7KH SURSRUWLRQ RI LPSRUWHG 3( HSLVRGHV GHFUHDVHG RYHU WLPH DV



WKH QXPEHU RI QRQ LPSRUWHG HSLVRGHV URVH VXJJHVWLQJ D WUDQVLWLRQ LQ IURP DQ HSLGHPLF VXVWDLQHG E
LPSRUWDWLRQ WR ORFDO WUDQVPLVVLRQ HYHQWV VXVWDLQLQJ WKH HSLGHPLF 0RXQWLQJ HYLGHQFH IRU ORFDO VSUHDG
WKURXJK WUDQVIHUV HPHUJHG LQ IROOR HG E WKH VWURQJHVW HYLGHQFH IRU WUDQVIHU QHW RUN VXSSRUWHG 3(
WUDQVPLVVLRQ LQ 7KHVH UHVXOWV VXJJHVW WKDW EHW HHQ DQG WKHUH DV D JUR LQJ FRQWULEXWLRQ
RI UHJLRQDO DQG LQWHU UHJLRQDO WUDQVIHUV LQ WKH VSUHDG RI 3( LQ )UDQFH KLFK LV LQ FRQFRUGDQFH LWK UHSRUWV
E WKH ( ' >

(YHQ WKRXJK D ODUJH SHUFHQWDJH RI QRQ LPSRUWHG FDVHV HUH OLQNHG WR D SRWHQWLDO LQIHFWRU WKH UHSRUWHG
LQ IRU H[DPSOH FRUUHVSRQGHG WR WKH PD[LPXP QXPEHU RI LQFLGHQW HSLVRGHV LWK D SRWHQWLDO

LQIHFWRU HSLVRGH JLYHQ WKH GDWD 6LQFH WKH QXPEHU DQG IUHTXHQF RI 2; HSLVRGHV KDV LQFUHDVHG RYHU
WLPH WKH FKDQFH RI DQ LQFLGHQW HSLVRGH KDYLQJ D SRWHQWLDO LQIHFWRU DV KLJK DV HOO 1RQHWKHOHVV H IRXQG
HYLGHQFH WR VXSSRUW WKDW WKH REVHUYHG 163 HUH VLJQLILFDQWO VKRUWHU WKDQ KDW H H[SHFW E FKDQFH %RWK
WKH QXPEHU RI OLQNHG HSLVRGHV RFFXUULQJ LQ WKH VDPH GHSDUWPHQW LQFUHDVHG RYHU WLPH DQG WKH SURSRUWLRQ RI
OLQNHG HSLVRGHV RFFXUULQJ LQ GLIIHUHQW GHSDUWPHQWV RFFXUUHG LWKLQ VKRUWHU JHRJUDSKLF SUR[LPLW RYHU WLPH
DV HOO

:KLOH H GR QRW FODLP WKDW WUDQVIHUV DUH WKH VROH H[SODQDWLRQ IRU WKH DXJPHQWDWLRQ LQ REVHUYHG 3( HSLVRGHV
EHW HHQ DQG RXU RUN VXJJHVWV WKDW WKH KDYH SOD HG DQ LQFUHDVLQJO VLJQLILFDQW UROH RYHU WLPH
(SLVRGHV IURP LQWHUQDWLRQDO LPSRUWDWLRQ FRXOG DOVR KDYH FRQWULEXWHG WR DOPRVW KDOI RI WKH VSUHDG RI 3( LQ
WKH FRXQWU 7KHVH UHVXOWV DUH FRQVLVWHQW LWK WKH RXWEUHDN GHVFULSWLRQV H REVHUYH LQ WKH OLWHUDWXUH LQ
KLFK ERWK LPSRUWHG DQG QRQ LPSRUWHG FDVHV KDYH OHG WR VHFRQGDU FDVHV RI 3( LQ GLIIHUHQW KRVSLWDOV ,Q

DGGLWLRQ WKH KHWHURJHQHLW LQ LQIHFWLRQ FRQWURO SROLFLHV DFURVV GLIIHUHQW W SHV RI KHDOWKFDUH IDFLOLWLHV LQ )UDQFH
DQG OLPLWHG LPSOHPHQWDWLRQ RI VSHFLILF VWUDWHJLHV WR FRQWURO 3( PD KDYH OHG WR SRRU FRQWURO RI 3( DQG LQ
FRQVHTXHQFH GLVVHPLQDWLRQ RYHU WLPH >

'XH WR QR REVHUYHG DVVRFLDWLRQ EHW HHQ WKH QXPEHU RI FDVHV SHU SRWHQWLDO LQIHFWRU HSLVRGH DQG WKH QXPEHU
RI VHFRQGDU HSLVRGHV H HUH QRW DEOH WR VKR HYLGHQFH WR VXSSRUW SRRU FRQWURO RI KRVSLWDO 3( RXWEUHDNV
RQFH KHDOWK DXWKRULWLHV LGHQWLILHG DQG UHSRUWHG D FKDLQ RI WUDQVPLVVLRQ DPRQJ FDVHV 2Q RQH KDQG WKLV PD
VXJJHVW WKDW FRQWURO PHDVXUHV KDYH SUHYHQWHG ODUJH KRVSLWDO RXWEUHDNV IURP FDXVLQJ PXOWL GHSDUWPHQW
RXWEUHDNV GXULQJ WKH SHULRG RQ WKH RWKHU KDQG PRVW UHSRUWV DUH VLQJOH FDVH HSLVRGHV KLFK
PLJKW VXJJHVW D IDLOXUH RI VXUYHLOODQFH DXWKRULWLHV LQ LGHQWLI LQJ VLQJOH FDVHV DV SDUW RI WKH VDPH FKDLQ RI
WUDQVPLVVLRQ RI RWKHU UHSRUWHG HSLVRGHV ,Q DGGLWLRQ SRWHQWLDO 3( FDVHV DUH OLNHO WR EH RFFXUULQJ LQ WKH
FRPPXQLW KLFK FDQ OHDG WR QRQ LGHQWLILFDWLRQ DQG SRRU FRQWURO RI DQ SRWHQWLDO FURVV LQIHFWLRQV *XLGHOLQHV
IRU VFUHHQLQJ DQG FRQWUROOLQJ 3( VKRXOG LQFOXGH WKRVH HSLGHPLRORJLFDO FKDQJHV DQG EH UHYLVHG DFFRUGLQJO

2XU UHVXOWV VXJJHVW WKDW WKH QXPEHU RI VSUHDGLQJ HYHQWV LQYROYLQJ PXOWLSOH HSLVRGHV KDV LQFUHDVHG RYHU
WLPH )RU H[DPSOH DQ LPSRUWHG 2; HSLVRGH LQ 3DULV DV OLQNHG WR QLQH RWKHU HSLVRGHV LQ QLQH GLIIHUHQW
GHSDUWPHQWV LQ )UDQFH LQ 3DULV LV D ODUJH KXE IRU QRW RQO 3( HSLVRGHV OLQNHG WR LPSRUWDWLRQ EXW DOVR
IRU SDWLHQW WUDQVIHU WKLV XQGHUOLQHV WKH LPSRUWDQFH IRU KHDOWK DXWKRULWLHV WR LPSURYH FRQWURO HIIRUWV LQ ODUJH
DQG KLJKO FRQQHFWHG PHWURSROHV

,Q FRQFOXVLRQ RXU VWXG KDV GHPRQVWUDWHG WKDW D PHWKRGRORJ RI LGHQWLI LQJ SRWHQWLDO LQIHFWRUV WKURXJK
163V DW WKH SDWLHQW FRQWDFW OHYHO FDQ DOVR EH DSSOLHG WR D QDWLRQDO SDWLHQW WUDQVIHU QHW RUN OHYHO 2XU UHVXOWV
VXJJHVW WKDW VLQFH SDWLHQW WUDQVIHUV LQ )UDQFH KDYH LQFUHDVLQJO FRQWULEXWHG WR WKH HSLGHPLRORJLFDO
WUDQVLWLRQ RI 3( G QDPLFV IURP UHJLRQDO WR LQWHU UHJLRQDO VSUHDG VXVWDLQHG E DQ LQFUHDVLQJ QXPEHU RI ORFDO
VSUHDGLQJ HYHQWV 6 VWHPDWLF VFUHHQLQJ RI DW ULVN SDWLHQWV VXFK DV KRVSLWDO FRQWDFWV RI SDWLHQWV WUDQVIHUUHG
IURP KRVSLWDOV LWK SUHYLRXV RU FXUUHQW SDWLHQWV LQIHFWHG LWK 3(V LV FUXFLDO LQ LGHQWLI LQJ FDUULHUV RI 3(
WR FRQWDLQ LQWUD KRVSLWDO WUDQVPLVVLRQ 7KHVH HIIRUWV UHO RQ UHJLRQDO FRRUGLQDWLRQ RI KRVSLWDO FRQWURO
PHDVXUHV WDUJHWLQJ SDWLHQW WUDQVIHUV HVSHFLDOO WKDW RI XQLYHUVLW KRVSLWDO FHQWUHV WKDW SOD D ODUJH UROH LQ
FRQQHFWLQJ SDWLHQWV >



5 I F

)DODJDV 0( /RXULGD 3 3RXOLNDNRV 3 5DIDLOLGLV 3 , 7DQVDUOL *6 QWLELRWLF 7UHDWPHQW RI
,QIHFWLRQV 'XH WR DUEDSHQHP 5HVLVWDQW (QWHUREDFWHULDFHDH 6 VWHPDWLF (YDOXDWLRQ RI WKH YDLODEOH
(YLGHQFH GRL

0RUULOO +- 3RJXH -0 .D H .6 /D3ODQWH ./ 7UHDWPHQW 2SWLRQV IRU DUEDSHQHP 5HVLVWDQW
(QWHUREDFWHULDFHDH ,QIHFWLRQV 2SHQ )RUXP ,QIHFW 'LV

OELJHU % *ODVQHU 6WUXHOHQV 0- *UXQGPDQQ + 0RQQHW '/ DUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH LQ (XURSH DVVHVVPHQW E QDWLRQDO H[SHUWV IURP FRXQWULHV 0D (XUR
VXUYHLOODQFH EXOOHWLQ (XURSHHQ VXU OHV PDODGLHV WUDQVPLVVLEOHV  (XURSHDQ FRPPXQLFDEOH GLVHDVH
EXOOHWLQ (SXE GRL HV 3XE0HG 30,'

.DVVLV KLNKDQL 1 'HFUH ' *DXWLHU 9 %XUJKRIIHU % 6DOLED ) 0DWKLHX ' HW DO )LUVW RXWEUHDN RI
PXOWLGUXJ UHVLVWDQW .OHEVLHOOD SQHXPRQLDH FDUU LQJ EOD 9,0 DQG EOD 6+9 LQ D )UHQFK XQLYHUVLW
KRVSLWDO -RXUQDO RI QWLPLFURELDO KHPRWKHUDS GRL MDF GNL 3XE0HG
30,' :26

.DVVLV KLNKDQL 1 'HFUH ' ,FKDL 3 6HQJHOLQ *HQHVWH ' 0LKDLOD / HW DO 2XWEUHDN RI .OHEVLHOOD
SQHXPRQLDH SURGXFLQJ .3 DQG 6+9 LQ D )UHQFK KRVSLWDO -RXUQDO RI QWLPLFURELDO KHPRWKHUDS

GRL MDF GNT 3XE0HG 30,' :26
( ' 5LVN DVVHVVPHQW RQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH 3(

WKURXJK SDWLHQW WUDQVIHU EHW HHQ KHDOWKFDUH IDFLOLWLHV LWK VSHFLDO HPSKDVLV RQ FURVV ERUGHU WUDQVIHU
6WRFNKROP

6LPPHULQJ -( 3ROJUHHQ / DPSEHOO '5 DYDQDXJK -( 3ROJUHHQ 30 +RVSLWDO 7UDQVIHU 1HW RUN
6WUXFWXUH DV D 5LVN )DFWRU IRU ORVWULGLXP GLIILFLOH ,QIHFWLRQ ,QIHFWLRQ RQWURO DQG +RVSLWDO (SLGHPLRORJ

GRL LFH 3XE0HG 30,' :26
)HUQiQGH] *UDFLD - 2QQHOD - 3 %DUQHWW 0/ (JXtOX] 90 KULVWDNLV 1 ,QIOXHQFH RI D SDWLHQW

WUDQVIHU QHW RUN RI 86 LQSDWLHQW IDFLOLWLHV RQ WKH LQFLGHQFH RI QRVRFRPLDO LQIHFWLRQV 6FLHQWLILF 5HSRUWV
GRL V

5D 0- /LQ 0< :HLQVWHLQ 5 7ULFN :( 6SUHDG RI DUEDSHQHP 5HVLVWDQW (QWHUREDFWHULDFHDH
PRQJ ,OOLQRLV +HDOWKFDUH )DFLOLWLHV 7KH 5ROH RI 3DWLHQW 6KDULQJ OLQLFDO LQIHFWLRXV GLVHDVHV DQ RIILFLDO
SXEOLFDWLRQ RI WKH ,QIHFWLRXV 'LVHDVHV 6RFLHW RI PHULFD (SXE GRL

FLG FL

FLG FL (SXE XJ 3XE0HG 30,'
/HH %< %DUWVFK 60 :RQJ .) 0F.LQQHOO - 6OD WRQ 5% 0LOOHU /* HW DO 7KH SRWHQWLDO WUDMHFWRU

RI FDUEDSHQHP UHVLVWDQW (QWHUREDFWHULDFHDH DQ HPHUJLQJ WKUHDW WR KHDOWK FDUH IDFLOLWLHV DQG WKH LPSDFW
RI WKH FHQWHUV IRU GLVHDVH FRQWURO DQG SUHYHQWLRQ WRRONLW PHULFDQ -RXUQDO RI (SLGHPLRORJ

GRL DMH N Y 3XE0HG 30,' :26
LFFROLQL 0 'RQNHU 7 .RFN 5 0LHONH 0 +HQGUL[ 5 -XUNH HW DO ,QIHFWLRQ SUHYHQWLRQ LQ D

FRQQHFWHG RUOG WKH FDVH IRU D UHJLRQDO DSSURDFK ,QWHUQDWLRQDO -RXUQDO RI 0HGLFDO 0LFURELRORJ
GRL M LMPP 3XE0HG 30,' :26

3RLUHO / )RUWLQHDX 1 1RUGPDQQ 3 ,QWHUQDWLRQDO 7UDQVIHU RI 1'0 3URGXFLQJ .OHEVLHOOD
SQHXPRQLDH IURP ,UDT WR )UDQFH QWLPLFURELDO JHQWV DQG KHPRWKHUDS GRL

DDF 3XE0HG 30,' :26
9DX[ 6 DUERQQH 7KLROHW -0 -DUOLHU 9 RLJQDUG % (PHUJHQFH RI FDUEDSHQHPDVH SURGXFLQJ

(QWHUREDFWHULDFHDH LQ )UDQFH WR (XUR VXUYHLOODQFH EXOOHWLQ (XURSHHQ VXU OHV PDODGLHV
WUDQVPLVVLEOHV  (XURSHDQ FRPPXQLFDEOH GLVHDVH EXOOHWLQ (SXE 3XE0HG 30,'

( ' 5DSLG ULVN DVVHVVPHQW DUEDSHQHP UHVLVWDQW (QWHUREDFWHULDFHDH 6WRFNKROP SULO
5HSRUW 1R
1HNNDE 1 VWDJQHDX 3 7HPLPH / UHSH 3 6SUHDG RI KRVSLWDO DFTXLUHG LQIHFWLRQV

FRPSDULVRQ RI KHDOWKFDUH QHW RUNV 3/R6 RPSXW %LRO H (SXE GRL
MRXUQDO SFEL H ROOHFWLRQ XJ 3XE0HG 30,'



2EDGLD 7 6LOKRO 5 2SDWR VNL / 7HPLPH / /HJUDQG - 7KLHEDXW 0 HW DO 'HWDLOHG FRQWDFW GDWD
DQG WKH GLVVHPLQDWLRQ RI 6WDSK ORFRFFXV DXUHXV LQ KRVSLWDOV 3ORV RPSXWDWLRQDO %LRORJ
GRL MRXUQDO SFEL 3XE0HG 30,' :26

)RXUQLHU 6 0RQWHLO /HSDLQWHXU 0 5LFKDUG %UXQ %XLVVRQ -DUOLHU 9 HW DO /RQJ WHUP FRQWURO
RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH DW WKH VFDOH RI D ODUJH )UHQFK PXOWLKRVSLWDO LQVWLWXWLRQ D
QLQH HDU H[SHULHQFH )UDQFH WR GRL GRL (6

DUERQQH 7KLROHW -0 )RXUQLHU 6 )RUWLQHDX 1 .DVVLV KLNKDQL 1 %R WFKHY , HW DO RQWURO RI D
PXOWL KRVSLWDO RXWEUHDN RI .3 SURGXFLQJ .OHEVLHOOD SQHXPRQLDH W SH LQ )UDQFH 6HSWHPEHU WR 2FWREHU

(XUR VXUYHLOODQFH EXOOHWLQ (XURSHHQ VXU OHV PDODGLHV WUDQVPLVVLEOHV  (XURSHDQ FRPPXQLFDEOH
GLVHDVH EXOOHWLQ (SXE 3XE0HG 30,'

'HORU 7 6HULQJH ( QWRQLRWWL * 1RYDNRYD , *RXOHQRN 3D VDQW , HW DO 3URORQJHG GHOD IRU
FRQWUROOLQJ .3 SURGXFLQJ .OHEVLHOOD SQHXPRQLDH RXWEUHDN WKH UROH RI FOLQLFDO PDQDJHPHQW P - ,QIHFW
RQWURO (SXE GRL M DMLF

M DMLF (SXE -XO 3XE0HG 30,'
VDUGL * 1HSXV] 7 7KH LJUDSK VRIW DUH SDFNDJH IRU FRPSOH[ QHW RUN UHVHDUFK ,QWHU-RXUQDO

RPSOH[ 6 VWHPV
'RQNHU 7 6PLHV]HN 7 +HQGHUVRQ ./ -RKQVRQ 3 :DONHU 6 5RERWKDP -9 0HDVXULQJ GLVWDQFH

WKURXJK GHQVH HLJKWHG QHW RUNV 7KH FDVH RI KRVSLWDO DVVRFLDWHG SDWKRJHQV 3/26 RPSXWDWLRQDO
%LRORJ H GRL MRXUQDO SFEL

/HSHOOHWLHU ' %HUWKHORW 3 /XFHW - )RXUQLHU 6 -DUOLHU 9 *UDQGEDVWLHQ % HW DO )UHQFK
UHFRPPHQGDWLRQV IRU WKH SUHYHQWLRQ RI HPHUJLQJ H[WHQVLYHO GUXJ UHVLVWDQW EDFWHULD H;'5 FURVV
WUDQVPLVVLRQ -RXUQDO RI +RVSLWDO ,QIHFWLRQ GRL M MKLQ 3XE0HG
30,' :26



FN R O P W
7KH DXWKRUV RXOG OLNH WR WKDQN %UXQR RLJQDUG 0' DQG 9DOpULH 3RQWLqV 3KDUP' IURP 6DQWp 3XEOLTXH
)UDQFH IRU SURYLGLQJ WKH 3( GDWD LQVLJKW GLVFXVVLRQ DQG H[SHUWLVH WKDW JUHDWO DVVLVWHG WKH UHVHDUFK 7KH
RUN DV VXSSRUWHG LQ SDUW E WKH 35,1 (36 SURJUDP IURP WKH 6RUERQQH 3DULV LWp 8QLYHUVLW



6 SSO P W ([DPSO RI SRW W DO I FWR O FW R W
RE Y DWD D S P WDW R
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIRUPDWLRQ DORQJVLGH WKH DUWLFOH
“ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV
KR UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV

FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH
PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ
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)RU D JLYHQ LQFLGHQW HSLVRGH (L GXULQJ D JLYHQ RQH HHN VOLGLQJ LQGR :>W Q W P LQ KLFK W FRUUHVSRQGV WR
WKH (L GDWH Q FRUUHVSRQGV WR WKH ILUVW GD RI WKH VOLGLQJ LQGR SUHFHGLQJ WKH GDWH RI (L DQG P FRUUHVSRQGV
WR Q GD V SUHFHGLQJ (L ILYH 3( HSLVRGHV (D H RFFXUUHG LQ ILYH GLIIHUHQW GHSDUWPHQWV PRQJ HSLVRGHV
WKDW VKDUHG WKH VDPH PHFKDQLVP RI UHVLVWDQFH WKH FDQGLGDWH WUDQVPLWWHUV M (G DQG (H WKH VKRUWHVW QHW RUN
SDWK GLVWDQFH LQ WKH REVHUYHG GDWD DV EHW HHQ (L G GLG  GLH  7KHUHIRUH LQ WKH REVHUYHG GDWD
WKH PRVW OLNHO SRWHQWLDO LQIHFWRU RI (L DV LGHQWLILHG DV (G LWK D QHW RUN VXSSRUWHG SDWK 163 HTXDO WR
7KH GHSDUWPHQWV RI (D H HUH SHUPXWDWHG WKURXJK VDPSOLQJ LWKRXW UHSODFHPHQW ILYH KXQGUHG WLPHV DQG
WKH SRWHQWLDO LQIHFWRUV HUH LGHQWLILHG ,Q SHUPXWDWLRQ (H DV LGHQWLILHG DV WKH SRWHQWLDO LQIHFWRU JLYHQ WKDW
GLG  GLH  DQG LQ SHUPXWDWLRQ (G DV LGHQWLILHG DV WKH SRWHQWLDO LQIHFWRU GLG  GLH  7KH
GLVWULEXWLRQ RI WKH REVHUYHG 163 GLVWDQFHV DV FRPSDUHG WR WKH PHDQ RI WKH 163 GLVWDQFHV RI WKH
SHUPXWDWLRQV IRU HDFK QRQ LPSRUWHG HSLVRGH (L IRU VLJQLILFDQFH XVLQJ D :LOFR[RQ SDLUHG UDQN VXP WHVW



6 SSO P W DOW DW Y I W R RI W D W Y W
D DO
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIRUPDWLRQ DORQJVLGH WKH DUWLFOH
“ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV
KR UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV

FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH
PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ

QRWKHU GLVWDQFH GHILQLWLRQ DV UHFHQWO SURSRVHG E 'RQNHU HW DO > WR PHDVXUH WKH GLVWDQFHV LQ D
KHDOWKFDUH QHW RUN 7KH DXWKRUV’ measure of distances was based on Opsahl et al.’s> RUN LQ KLFK WKH
proposed a tuning parameter, alpha α, to adjust between a value of 0 corresponding to the same distance 
measure we expect if we do not consider only the number of “jumps” between hospitals and 1 corresponding 
to Dijkstra’s algorithm LQ KLFK H PHDVXUH GLVWDQFH DV WKH QXPEHU RI WUDQVIHUV LM 'RQNHU HW DO VLPXODWH
WKH VSUHDG RI DQWLPLFURELDO UHVLVWDQW EDFWHULD XVLQJ PDWKHPDWLFDO PRGHOLQJ LWK YDU LQJ PHDVXUHV RI DOSKD
to obtain an optimal α = 0.25 in which the time to infection DV JUHDWHVW ,Q RUGHU WR FRPSDUH RXU UHVXOWV
H UH WHVWHG RXU EDVHOLQH DQG VHQVLWLYLW DQDO VLV 7DEOH 6 )LJXUH 6 XVLQJ D QHW RUN RI WUDQVIRUPHG

HGJHV HLJKWV LQ KLFK WKH QH GLVWDQFHV GLM DV HTXDO WR� = 1�α where α = 0.25

7DEO 6 1 W R N SSR W SDW WD F RI FD EDS PD
S R F ( W REDFW DF D S R ) D F I RP WR D DOW DW Y
P D RI WD F

D

7RWDO S R
,PSR W S R
1R PSR W S R
1R PSR W S R W
SRW W DO I FWR
163 WD F RI RE Y DWD
P D , > > > >

163 WD F RI S P WDW R
P D , > > > >

3 YDO [ [
163 QHW RUN VXSSRUWHG SDWK
:LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXH FRPSDULQJ RI 163 GLVWDQFHV EHW HHQ REVHUYHG DQG SHUPXWHG GDWD



) 6 6 W Y W D DO D DOW DW Y P D RI WD F P D 163
WD F E W F W S R D W FOR W SRW W DO I FWR REWD IR O

N W P R )RU HDFK HDU WKH PHDQ 163 GLVWDQFH LV SORWWHG DV D IXQFWLRQ RI
WKH ILUVW GD RI WKH HHN WLPH LQGR :LQGR Q IRU REVHUYHG GDWD LQ UHG DQG SHUPXWHG GDWD LQ EODFN
IRU WKH REVHUYHG GDWD FRQILGHQFH EDQGV DUH DOVR SURYLGHG

7KHUH DV D VWDWLVWLFDOO VLJQLILFDQW GLIIHUHQFH DW WKH EDVHOLQH LQGR :> IRU DQG
XVLQJ WKH DOWHUQDWLYH GHILQLWLRQ :LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXH  [ [
UHVSHFWLYHO 7DEOH 6 :H REVHUYH YHU VLPLODU UHVXOWV LQ WKH RULJLQDO GLVWDQFH PHDVXUH DQG WKH DOWHUQDWLYH
GHILQLWLRQ DW EDVHOLQH DQG DFURVV WKH WLPH LQGR V )LJXUH 6 SSO LQJ WKH DOWHUQDWLYH PHWKRG WR PHDVXUH
GLVWDQFHV LQ WKH KHDOWKFDUH QHW RUN DOVR VKR HG WKH VKRUWHVW PHDQ 163 GLVWDQFHV :> LQ DQG
:> LQ :KHWKHU WKH GLVWDQFHV DUH PHDVXUHG DV WKH QHJDWLYH ORJ RI WKH DQQXDO WUDQVIHU UDWH RU WKH
LQYHUVH RI WKH WRWDO DQQXDO WUDQVIHUV WR WKH SR HU RI DQ RSWLPDO VFDOLQJ SDUDPHWHU DW WKH EDVHOLQH LQGR
REVHUYHG 163 GLVWDQFHV HUH VKRUWHU WKDQ KDW RXOG EH H[SHFWHG E FKDQFH LQ WKH UDQGRP SHUPXWDWLRQV
WKHUHIRUH KLJK UDWHV RI SDWLHQW WUDQVIHUV PD EH OLQNHG WR WKH 3( HSLGHPLF LQ )UDQFH LQ UHFHQW HDUV

5 I F

'RQNHU 7 6PLHV]HN 7 +HQGHUVRQ ./ -RKQVRQ 3 :DONHU 6 5RERWKDP -9 0HDVXULQJ GLVWDQFH
WKURXJK GHQVH HLJKWHG QHW RUNV 7KH FDVH RI KRVSLWDO DVVRFLDWHG SDWKRJHQV 3/26 RPSXWDWLRQDO
%LRORJ H GRL MRXUQDO SFEL

2SVDKO 7 JQHHVVHQV ) 6NYRUHW] - 1RGH FHQWUDOLW LQ HLJKWHG QHW RUNV *HQHUDOL]LQJ GHJUHH
DQG VKRUWHVW SDWKV 6RFLDO 1HW RUNV GRL
KWWSV GRL RUJ M VRFQHW



6 SSO P W P OW SO S D Y W
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIRUPDWLRQ DORQJVLGH WKH DUWLFOH
“ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV
KR UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV

FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH
PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ

) 6 6SDW DO W E W R RI O N S R 3RWHQWLDO LQIHFWRU HSLVRGHV DUH VKR Q RQ WKH OHIW
DQG VHFRQGDU HSLVRGHV RQ WKH ULJKW SHU GHSDUWPHQW IURP WR

7KH ,OH GH )UDQFH UHJLRQV KHUH 3DULV LV ORFDWHG LV ERWK WKH KXE IRU SRWHQWLDO LQIHFWRUV DQG VHFRQGDU
HSLVRGHV )LJXUH 6

) 6 6SDW DO W E W R RI SD WP W W FR D S R D RF DW W
P OW SO S D Y W 7KH VL]H RI WKH HYHQWV DUH VKR Q IRU WKH WR SHULRG 2QO WKH
ODUJHVW PXOWLSOH VSUHDGLQJ HYHQWV DUH VKR Q IRU HDFK GHSDUWPHQW



0RVW RI WKH ODUJHVW PXOWLSOH VSUHDGLQJ HYHQWV RULJLQDWHG LQ WKH 3DULV GHSDUWPHQW IRU DOO HYHQWV RI VL]H DQG
DQG VSUHDG WR QHLJKERULQJ ,OH GH )UDQFH GHSDUWPHQWV DQG WR RWKHU KXEV GHSDUWPHQWV LQFOXGLQJ ODUJH

WR QV VXFK DV / RQ 0DUVHLOOH DQG 1LFH DQG QHLJKERULQJ UHJLRQV )LJXUH 6 1RWDEO WKH
9DU WKH 5K QH WKH RWKHU ,OH GH )UDQFH GHSDUWPHQWV DQG WKH 1RUG DQG WKH
/RLUH GHSDUWPHQWV HUH DOVR VRXUFHV RI PXOWLSOH VSUHDGLQJ HYHQWV

) 6 W E W R RI W PE RI FR D S R S I FWR 1XPEHU RI SRWHQWLDO
LQIHFWRUV E WKH QXPEHU RI WKHLU VHFRQGDU HSLVRGHV IURP WR LQ WKH PDLQ JUDSK DQG IURP WR LQ WKH
VPDOOHU JUDSK GXULQJ WKH WR SHULRG

7KH SHUFHQW RI PXOWLSOH VSUHDGLQJ HYHQWV VLJQLILFDQWO LQFUHDVHG RYHU WLPH ; WHVW IRU WUHQG LQ SURSRUWLRQV
S YDOXH  IURP WR IURP DQG IRU SRWHQWLDO LQIHFWRU
HSLVRGHV LWK W R RU PRUH OLQNHG VHFRQGDU HSLVRGHV DQG DOVR IRU SRWHQWLDO LQIHFWRU HSLVRGHV LWK WKUHH RU
PRUH OLQNHG VHFRQGDU HSLVRGHV UHVSHFWLYHO ; WHVW IRU WUHQG LQ SURSRUWLRQV
S YDOXH  



6 SSO P W OW IR W WR S R
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIRUPDWLRQ DORQJVLGH WKH DUWLFOH
“ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV
KR UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV

FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH
PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ

) 6 W E W R RI W R N SSR W SDW WD F IR RE Y DWD D
S P WDW R IR DOO S R RFF E W D 7KH GHQVLW GLVWULEXWLRQ LV VKR Q
IRU REVHUYHG GDWD 163 GLVWDQFHV OLJKW JUHHQ DQG WKH GLVWDQFHV RI SHUPXWDWLRQV GDUN JUHHQ 'LVWDQFHV RI
]HUR FRUUHVSRQG WR SDWKV WKDW RFFXU LQ WKH VDPH GHSDUWPHQW 'LVWDQFHV RI RQH FRUUHVSRQG WR D UDQJH RI
GLVWDQFHV EHW HHQ ]HUR DQG RQH WKH VDPH DSSOLHV WR GLVWDQFHV W R WKURXJK

7KHUH DV QR VWDWLVWLFDOO VLJQLILFDQW GLIIHUHQFH LQ WKH SURSRUWLRQ RI HSLVRGHV RFFXUULQJ LQ WKH VDPH
GHSDUWPHQW LQ WKH REVHUYHG DQG SHUPXWDWHG GDWD ; WHVW IRU WUHQG LQ SURSRUWLRQV S YDOXH  



) 6 6 W Y W D DO R W PSDFW RI W W P R F R WR O FW FD DW
W D P WW 7KH GLVWULEXWLRQ RI WKH PHDQ 163 GLVWDQFHV EHW HHQ LQFLGHQW HSLVRGHV DQG WKHLU SRWHQWLDO
LQIHFWRUV REWDLQHG IRU VOLGLQJ HHN WLPH LQGR V IRU DOO HSLVRGHV RFFXUULQJ EHW HHQ DQG 7KH
PHDQ 163 GLVWDQFH LV SORWWHG DV D IXQFWLRQ RI WKH ILUVW GD RI WKH HHN WLPH LQGR IRU REVHUYHG GDWD
LQ UHG DQG SHUPXWHG GDWD LQ EODFN )RU WKH SHUPXWDWLRQV FRQILGHQFH EDQGV DUH DOVR SURYLGHG



6 SSO P W R DS F WD F E W SRW W DO I FWR
D W FR D FD
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIRUPDWLRQ DORQJVLGH WKH DUWLFOH
“ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV
KR UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV

FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH
PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ



) 6 WD F WR SRW W DO I FWR )RU REVHUYHG GDWD WKH SHUFHQW RI SRWHQWLDO LQIHFWRUV DQG
163 QRQ LPSRUWHG HSLVRGHV SDLUV RFFXUULQJ WKH VDPH GHSDUWPHQW RU UHJLRQ WRS WKH PHDQ GLVWDQFH LQ
NLORPHWHUV NP EHW HHQ SDLUV RFFXUULQJ LQ WKH VDPH RU GLIIHUHQW GHSDUWPHQW PLGGOH WKH SURSRUWLRQ RI
GLVWDQFHV EHW HHQ SDLUV DPRQJ SDLUV LQ GLIIHUHQW GHSDUWPHQWV ERWWRP



6 SSO P W S YDO RI W Y W D DO RI DOO W P R
7KLV VXSSOHPHQWDU PDWHULDO LV KRVWHG E (XURVXUYHLOODQFH DV VXSSRUWLQJ LQIormation alongside the article “ VVHVVLQJ WKH UROH RI LQWHU KRVSLWDO SDWLHQW WUDQVIHU
LQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH WKH FDVH RI )UDQFH EHW HHQ DQG ” by N Nekkab et al. RQ EHKDOI RI WKH DXWKRUV KR
UHPDLQ UHVSRQVLEOH IRU WKH DFFXUDF DQG DSSURSULDWHQHVV RI WKH FRQWHQW 7KH VDPH VWDQGDUGV IRU HWKLFV FRS ULJKW DWWULEXWLRQV DQG SHUPLVVLRQV DV IRU WKH DUWLFOH
DSSO (XURVXUYHLOODQFH LV QRW UHVSRQVLEOH IRU WKH PDLQWHQDQFH RI DQ OLQNV RU HPDLO DGGUHVVHV SURYLGHG WKHUHLQ



7DEO 6 6 W Y W D DO 0HDQ 163 GLVWDQFHV RI REVHUYHG GDWD DQG SHUPXWDWLRQV :LOFR[RQ SDLUHG UDQN VXP WHVW S YDOXHV IRU DOO WLPH LQGR V
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2 REVHUYHG GDWD 3 SHUPXWDWHG GDWD S YDOXH S YDOXH S value < 0.001; † shortest significant observed NSP distance †† VHFRQG VKRUWHVW VLJQLILFDQW REVHUYHG 163
GLVWDQFH



GGLWLRQDO DQDO VHV
%DVHG RQ RXU DQDO VLV RI WKH FRQWULEXWLRQ RI SDWLHQW WUDQVIHUV WR &3( VSUHDG LQ )UDQFH LW PD

EH DVVXPHG WKDW LQ DW OHDVW &3( GR LQGHHG VSUHDG RYHU WKH )UHQFK KHDOWKFDUH QHWZRUN WR

VRPH H[WHQW ,Q D IROORZ XS DQDO VLV ZH KHQFH DWWHPSWHG WR UHFRQVWUXFW WUDQVPLVVLRQ FKDLQV RI

&3( HSLVRGHV DPRQJ )UHQFK KRVSLWDOV 7KLV DQDO VLV ZDV SHUIRUPHG E DGDSWLQJ D %D HVLDQ

PHWKRG LQLWLDOO GHYHORSHG WR UHFRQVWUXFW RXWEUHDNV EDVHG RQ HSLGHPLRORJLFDO DQG JHQRPLF GDWD

2XWEUHDNHU 5 SDFNDJH GHYHORSHG E 7 -RPEDUW ) &DPSEHOO 5 )LW]MRKQ

ZLWKRXW JHQRPLF GDWD DQG IRU D ODUJH QDWLRQZLGH RXWEUHDN 7KH PHWKRG ZDV XVHG WR GHWHUPLQH

SRVVLEOH FKDLQV RI WUDQVPLVVLRQ RI &3( GDWD EDVHG RQ NQRZOHGJH RI WKH HSLVRGH GDWHV WKH

ZHLJKW RI WKH OLQNV LQ WKH KHDOWKFDUH QHWZRUN DQG WKH LPSRUWDWLRQ VWDWXV RI HSLVRGHV 7KH VWXG

DLPHG WR LGHQWLI VRXUFHV RI &3( LQIHFWLRQ VSUHDG LQ WKH KHDOWKFDUH QHWZRUN DQG WR GHWHUPLQH

ZKDW SURSRUWLRQ RI VHFRQGDU LQIHFWLRQV FRXOG EH H[SODLQHG IURP WKH QHWZRUN GDWD

7KH 2XWEUHDNHU WRRO LV DQ XSGDWHG DQG PRUH PRGXODU YHUVLRQ RI WKH HDUOLHU SDFNDJH

2XWEUHDNHU ERWK RI ZKLFK DUH DYDLODEOH IRU XVH RQ WKH 5 SURJUDPPLQJ VRIWZDUH 7KH

HSLGHPLRORJLFDO OLNHOLKRRG RI D JLYHQ WUDQVPLVVLRQ WUHH LV HVWLPDWHG XVLQJ WKH GLVWULEXWLRQ RI D

JLYHQ JHQHUDWLRQ WLPH WKH WLPH LQWHUYDO EHWZHHQ D SULPDU DQG VHFRQGDU LQIHFWLRQ FRXSOHG

ZLWK D PRGHO RI VHTXHQFH HYROXWLRQ GHILQLQJ WKH SUREDELOLW RI WKH JHQHWLF FKDQJHV DORQJ D FKDLQ

RI WUDQVPLVVLRQ 7KH PRGHO DOORZV WKH HVWLPDWLRQ RI GDWHV RI LQIHFWLRQV PXWDWLRQ UDWHV

VHSDUDWH LQWURGXFWLRQV RI WKH SDWKRJHQ WKH SUHVHQFH RI XQREVHUYHG FDVHV DQG WKH WUDQVPLVVLRQ

WUHH

)LYH DVVXPSWLRQV ZHUH PDGH DERXW WUDQVPLVVLRQ LQ WKH ILUVW DQDO VLV HSLVRGHV ZHUH

FRQVLGHUHG as “FDVHV” WKHUHIRUH WKH QXPEHU RI FDVHV SHU HSLVRGH ZDV LJQRUHG LQ WKH ILUVW

DQDO VLV EXW QRW LQ WKH VHFRQG LPSRUWHG HSLVRGHV ZHUH FRQVLGHUHG LQGH[ FDVHV DQG QRQ

LPSRUWHG HSLVRGHV ZHUH FRQVLGHUHG SRWHQWLDO VHFRQGDU FDVHV DQ LQGH[ FDVH KDG WR RFFXU Q

number of days before a secondary case to be linked 4) an index case episode’s department and 

secondary case episode’s department had to be sufficiently linked in the healthcare network DQG

WUDQVPLVVLRQ FRXOG RQO RFFXU EHWZHHQ &3( HSLVRGHV ZLWK WKH VDPH PHFKDQLVP RI UHVLVWDQFH

VLQFH QR JHQHWLF GDWD ZDV XVHG 6LQFH RQO WKH GHSDUWPHQW RI WKH &3( HSLVRGHV ZDV NQRZQ DQG

QRW WKH KRVSLWDO WKH GHSDUWPHQW QHWZRUN RI SDWLHQW WUDQVIHUV ZDV XVHG IRU WKH DQDO VHV

Q H[DPSOH RI UHFRQVWUXFWLRQ RI WUDQVPLVVLRQ FKDLQV RI 2; HSLVRGHV RFFXUULQJ LQ

LV VKRZQ LQ )LJXUH (DFK OLQN FRUUHVSRQGV WR WZR HSLVRGHV KDYLQJ DW OHDVW

SUREDELOLW RI H[LVWLQJ



)L XUH 5HFR VWUXFWHG WUD VPLVVLR FKDL V RI 2 HSLVRGHV L

IHZ REVHUYDWLRQV PD EH PDGH DERXW VRPH RI WKHVH SUHOLPLQDU DQDO VHV QRW DOO LPSRUWHG

HSLVRGHV ZHUH SDUW RI D FKDLQ RI WUDQVPLVVLRQ PDQ ZHUH QRW OLQNHG WR DQ HSLVRGH DQG PDQ

VHFRQGDU FDVHV KDG PXOWLSOH SRWHQWLDO VRXUFHV RI LQIHFWLRQ VR XQFHUWDLQW RI WKH VRXUFH ZDV

RIWHQ KLJK

6LQFH &3( HSLVRGHV FRXOG DOVR JURXS PDQ FDVHV WKDW FRXOG UHVXOW LQ PDQ RWKHU VHFRQGDU

FDVHV WKH VHFRQG DQDO VLV DVVHVVHG WKH HQWLUH GDWDVHW RI HDFK LQGLYLGXDO &3( FDVH 6LQFH

PXOWLSOH FDVH HSLVRGHV VKDUHG WKH VDPH QRWLILFDWLRQ GDWH EXW PD QRW KDYH RFFXUUHG GXULQJ WKDW

VDPH GDWH VHYHUDO PHWKRGV ZHUH GHYHORSHG WR PRGLI FDVH GDWHV NHHSLQJ DOO FDVH GDWHV DV WKH

RULJLQDO HSLVRGH GDWH DGGLQJ UDQGRP YDOXHV WR FDVH GDWHV DVVXPLQJ WKH ILUVW UHSRUWHG GDWH ZDV

WKH ILUVW UHSRUWHG FDVH DGGLQJ D QRUPDO GLVWULEXWLRQ RI YDOXHV WR FDVH GDWHV DQG DGGLQJ D 3RLVVRQ

GLVWULEXWLRQ WR FDVH GDWHV 7KH WRWDO QXPEHU RI FDVHV OLQNHG DFFRUGLQJ WR GLIIHUHQW PHDQ

JHQHUDWLRQ WLPH EHWZHHQ FDVHV LV VKRZQ LQ )LJXUH



)L XUH 7UD VPLVVLR FKDL FRPSR H W VL]H E PHD H HUDWLR WLPH

7KH ODUJHVW FRPSRQHQW VL]H IRU WUDQVIRUPHG FDVH GDWHV FRUUHVSRQGHG WR D JHQHUDWLRQ WLPH RI

GD V XVLQJ D 3RLVVRQ GLVWULEXWLRQ )LJXUH 7KLV UHVXOW ZDV VLPLODU WR ILQGLQJV LQ WKH SUHYLRXV

VWXG DVVHVVLQJ WKH UROH RI SDWLHQW WUDQVIHUV RQ &3( VSUHDG ZKHUH WKH VHQVLWLYLW DQDO VLV

VXSSRUWHG D WLPH ZLQGRZ EHWZHHQ SRWHQWLDO LQIHFWRUV DQG LQFLGHQFH HSLVRGHV EHWZHHQ WR

GD V +RZHYHU GHSHQGLQJ RQ WKH WUDQVIRUPDWLRQ XVHG RWKHU WLPH ZLQGRZV VXFK DV WR

GD V RU WR GD V FRXOG DOVR KDYH EHHQ MXVW D SHUWLQHQW &RPSRQHQW VL]H RU WKH QXPEHU RI

FRQQHFWLRQV PD QRW EH WKH PRVW DSSURSULDWH FULWHULD IRU VHOHFWLRQ RI WKH PRVW DSSURSULDWH

JHQHUDWLRQ WLPH WKHUHIRUH RWKHU HSLGHPLRORJLFDOO SHUWLQHQW FULWHULD VKRXOG EH FRQVLGHUHG

7KLV VWXG VKRZHG WKH SRVVLELOLW WR UHFRQVWUXFW ODUJH RXWEUHDNV ZLWKRXW JHQRPLF GDWD

+HDOWKFDUH QHWZRUNV XVHG WR FRQVWUXFW FKDLQV RI WUDQVPLVVLRQ RI &3( ZHUH DEOH WR H[SODLQ D

SHUFHQWDJH RI VHFRQGDU &3( LQIHFWLRQV DQG WR LGHQWLI KRVSLWDO KRWVSRWV RI &3( VSUHDG

KRZHYHU PRUH ZRUN LV QHHGHG WR UHILQH WKH XQGHUVWDQGLQJ RI WKH OLQNV EHWZHHQ HSLVRGHV



Part Five: Discussion of thesis work and perspective



&KDSWHU 6 QWKHVLV RI UHVXOWV

IWHU LOOXVWUDWLQJ WKH LQWHJUDWLRQ RI QHWZRUN GDWD LQ PDWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG

LQ KHDOWKFDUH VHWWLQJV WKLV WKHVLV KDV FRQVLVWHG RI GHYHORSLQJ KHDOWKFDUH QHWZRUNV RI SDWLHQW

WUDQVIHUV LQ )UDQFH LQ RUGHU WR EHWWHU XQGHUVWDQG WKH WUDQVIHU SDWWHUQV RI GLIIHUHQW SDWLHQW

SRSXODWLRQV WKH UROH RI WKH KHDOWKFDUH QHWZRUN VWUXFWXUH LQ SRWHQWLDO + , VSUHDG DQG WKH

FRQWULEXWLRQ RI SDWLHQW WUDQVIHUV ERWK LQWHUQDWLRQDO DQG ORFDO RQ WKH &3( HSLGHPLF

7KH ILUVW ZRUN RI WKH WKHVLV HQWDLOHG FRQGXFWLQJ D V VWHPDWLF UHYLHZ RI PDWKHPDWLFDO PRGHOV LQ

KHDOWKFDUH VHWWLQJV XVLQJ UHDO GDWD RQ QHWZRUNV ZLWKLQ DQG EHWZHHQ LQVWLWXWLRQV 7KLV UHYLHZ

SUHVHQWHG DQ RYHUYLHZ RI WKH VSHFLILF PHWKRGV UHODWHG WR LQWHJUDWLRQ RI QHWZRUN GDWD LQ WKH

YDULRXV PRGHOOLQJ VWXGLHV LGHQWLILHG DQG KRZ WKH PD LPSURYH RXU XQGHUVWDQGLQJ DQG

SUHGLFWLYH FDSDFLW RI + , VSUHDG LQ KHDOWKFDUH VHWWLQJV 0RGHOV RI + , VSUHDG WKDW LQFRUSRUDWH

HLWKHU LQWHU LQGLYLGXDO FRQWDFW RU LQWHU LQVWLWXWLRQDO WUDQVIHU QHWZRUN GDWD ZHUH IRXQG WR KDYH

EHFRPH PRUH IUHTXHQW RYHU WLPH DQG WR KDYH EURXJKW QHZ LQVLJKWV LQWR PRUH HIIHFWLYH + ,

SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO VWUDWHJLHV +RZHYHU WR WKLV GDWH WKH KDYH DOVR EHHQ OLPLWHG

WR D IHZ VHWWLQJV DQG D IHZ SDWKRJHQV )XUWKHU LQQRYDWLRQV LQ GDWD FROOHFWLRQ DQG YDOLGDWLRQ RI

SDUDPHWHU HVWLPDWHV RI WKHVH PRGHOV DSSHDU QHFHVVDU IRU WKH LPSURYHPHQW RI RXU XQGHUVWDQGLQJ

RI + , VSUHDG G QDPLF

7KH KHDOWKFDUH QHWZRUNV RI )UDQFH ZHUH UHFRQVWUXFWHG XVLQJ WKH )UHQFK PHGLFR DGPLQLVWUDWLYH

GDWDEDVH WKH 306, DIWHU D OLWHUDWXUH UHYLHZ ZDV FRQGXFWHG WR DVVHVV LWV YDOLGLW IRU GHWHFWLRQ

RI + ,V W WKH KHDUW RI WKH WKHVLV WKH UHFRQVWUXFWLRQ DQG DQDO VLV RI WKH )UHQFK KHDOWKFDUH

QHWZRUNV SURYLGHG D ILUVW GHWDLOHG GHVFULSWLRQ RI WKH SDWLHQW WUDQVIHU SDWWHUQV DW WKH )UHQFK

QDWLRQDO OHYHO EDVHG RQ H[WHQVLYH VRFLDO QHWZRUN DQDO VHV 7KH )UHQFK KHDOWKFDUH QHWZRUNV

ZHUH IRXQG WR EH FKDUDFWHULVHG E KHWHURJHQHRXV SDWLHQW IORZ WR GHPRQVWUDWH D VFDOH IUHH DQG

VPDOO ZRUOG QDWXUH DQG WR KDYH D WZR WLHU FRPPXQLW FOXVWHULQJ VWUXFWXUH FRPSDULVRQ

VKRZHG WKDW + , VSHFLILF DQG VXVSHFWHG + , QHWZRUNV UHOLHG RQ WKH VDPH XQGHUO LQJ VWUXFWXUH

DV WKDW RI WKH JHQHUDO SDWLHQW QHWZRUN 7KH LGHQWLILHG NH KXE KHDOWKFDUH FHQWUHV SDWLHQW IORZ

WUDMHFWRULHV DQG UHJLRQDO DQG ORFDO FRPPXQLW FOXVWHULQJ VWUXFWXUH PD KHOS VHUYH DV D EDVLV IRU

QRYHO LQIHFWLRQ FRQWURO VWUDWHJLHV

%DVHG RQ WKHVH UHFRQVWUXFWHG QHWZRUNV D SUHOLPLQDU VLPXODWLRQ VWXG RI SDWKRJHQ VSUHDG ZDV

FRQGXFWHG LQ WKH HDUO VWDJHV RI WKH WKHVLV XVLQJ D PDWKHPDWLFDO 6,6 PRGHO V H[SHFWHG

HSLGHPLFV VWDUWLQJ LQ KHDOWKFDUH IDFLOLWLHV ZLWK WKH KLJKHVW FHQWUDOLW PHDVXUHV HVSHFLDOO KLJK

FRQQHFWHGQHVV GHJUHH DQG D KLJK QXPEHU RI SDWLHQW WUDQVIHUV VWUHQJWK KDG WKH KLJKHVW



SUREDELOLWLHV RI EHLQJ VXVWDLQHG LQ WLPH 7KHUHIRUH IDFLOLW GHJUHH DQG VWUHQJWK VKRXOG EH

FRQVLGHUHG DV PDLQ WDUJHWV IRU ODUJH VFDOH LQIHFWLRQ FRQWURO VWUDWHJLHV 0RUH PRGHOOLQJ ZRUN LV

UHTXLUHG IRU D EHWWHU DQG PRUH FRPSUHKHQVLYH XQGHUVWDQGLQJ IRU WKH SRWHQWLDO LPSDFW RI FRQWURO

PHDVXUHV RQ VSUHDG RI VSHFLILF SDWKRJHQV LQ WKH KHDOWKFDUH QHWZRUNV

+RVSLWDO DFTXLUHG LQIHFWLRQV FRYHU D ODUJH VSHFWUXP RI SDWKRJHQV LQ RUGHU WR DGGUHVV WKH PRVW

SUHVVLQJ LVVXH IDFHG E KHDOWKFDUH V VWHPV –PXOWL GUXJ UHVLVWDQFH – WKH VHFRQG SDUW RI WKH WKHVLV

IRFXVHG RQ FDUEDSHQHPDVH SURGXFLQJ(QW REDFW LDF D &3( HSLVRGHV KDYH EHHQ ZLGHVSUHDG

LQ )UDQFH VLQFH WKHLU ILUVW LQWURGXFWLRQ LQ DQG KDYH FRQWLQXHG WR ULVH LQ QXPEHU HYHU HDU

&3( HSLVRGHV IURP 6HSWHPEHU WR 'HFHPEHU ZHUH GHVFULEHG GXULQJ WKH WKHVLV DQG

ZHUH XVHG WR IRUHFDVW WKH QXPEHU RI H[SHFWHG HSLVRGHV ZLWKLQ WKH IROORZLQJ IRXU HDU SHULRG

XVLQJ 6 5,0 PRGHOV 2YHUDOO WKH &3( HSLGHPLF LQ )UDQFH ZDV FKDUDFWHULVHG E D PDMRULW

RI &3( VWUDLQV FDUU LQJ WKH 2; UHVLVWDQFH JHQH 7KH &3( HSLGHPLF ZDV SUHGLFWHG WR

GRXEOH LQ VL]H LQ WHUPV RI WKH QXPEHU RI HSLVRGHV E WKH HQG RI KRZHYHU WKH QXPEHU RI

PXOWL FDVH HSLVRGHV DQG RXWEUHDNV ZHUH SUHGLFWHG WR VWDELOL]H

,Q RUGHU WR KHOS EHWWHU XQGHUVWDQG DQG GHYHORS HIIHFWLYH FRQWURO VWUDWHJLHV DJDLQVW WKH )UHQFK

&35 HSLGHPLF WKH WKHVLV WKHQ DLPHG DW DVVHVVLQJ WKH FRQWULEXWLRQ RI SDWLHQW WUDQVIHU SDWWHUQV

RQ &3( VSUHDG 7KLV ZDV GRQH XVLQJ WKH SUHYLRXVO GHVFULEHG JHQHUDO SDWLHQW KHDOWKFDUH

QHWZRUN LQ )UDQFH LQ DQG DQ DGDSWDWLRQ RI D SUHYLRXVO SXEOLVKHG VWDWLVWLFDO PHWKRG

WR HPSLULFDOO WHVW WKH FRQWULEXWLRQ RI WKLV QHWZRUN RQ &3( VSUHDG RYHU WKH WR

SHULRG &3( HSLVRGHV ZHUH IRXQG WR EH VLJQLILFDQWO VXSSRUWHG E WKH SDWLHQW WUDQVIHU GDWD

WUDQVLWLRQ ZDV DOVR REVHUYHG LQ IURP DQ HSLGHPLF VXVWDLQHG E LPSRUWDWLRQ WR DQ

HSLGHPLF VXVWDLQHG E ORFDO WUDQVPLVVLRQ HYHQWV V D FRQVHTXHQFH WKH VWXG VXJJHVWHG WKDW

FRRUGLQDWHG SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO VWUDWHJLHV VKRXOG QRZ IRFXV RQ DW ULVN SDWLHQW

WUDQVIHUV RI FDUULHUV RI &3( WR UHGXFH UHJLRQDO DQG LQWHU UHJLRQDO WUDQVPLVVLRQ 3UHOLPLQDU

ZRUN ZDV SHUIRUPHG WR DWWHPSW WR UHFRQVWUXFW &3( WUDQVPLVVLRQ FKDLQV DPRQJ )UHQFK KRVSLWDOV

WKLV VKRXOG EH SXUVXHG

,Q VXPPDU WKH ZRUN FRQGXFWHG GXULQJ WKH WKHVLV GHVFULEHG WKH VWUXFWXUH RI )UHQFK KHDOWKFDUH

QHWZRUNV DQG DVVHVVHG WKH UROH WKDW SDWLHQW WUDQVIHUV PD KDYH LQ WKH WUDQVPLVVLRQ RI

SDWKRJHQV LQ WKH KHDOWKFDUH VHWWLQJ 7KH SDUWLFXODU H[DPSOH RI WKH UROH RI SDWLHQW WUDQVIHUV LQ

&3( WUDQVPLVVLRQ VHUYHV WR KLJKOLJKW WKH LPSRUWDQFH RI FRQVLGHULQJ WKH QHWZRUN VWUXFWXUH LQ

GHYHORSLQJ QRYHO LQIHFWLRQ SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV



&KDSWHU 5HVHDUFK OLPLWDWLRQV DQG SHUVSHFWLYHV

OWKRXJK WKH UHVHDUFK DLPV ZHUH PHW GXULQJ WKH FRXUVH RI WKH WKHVLV VHYHUDO OLPLWDWLRQV PD EH

LGHQWLILHG (YHQ LI WKH FULWHULD RI WKH V VWHPDWLF UHYLHZ ZDV WR LGHQWLI PDWKHPDWLFDO DQG

PHFKDQLVWLF PRGHOV RI + , VSUHDG WKH FRQWULEXWLRQV RI VWDWLVWLFDO PRGHOV LQ WKH XQGHUVWDQGLQJ

RI WUDQVPLVVLRQ G QDPLFV RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH VHWWLQJV FRXOG KDYH DOVR EHHQ XVHIXO

6WDWLVWLFDO PRGHOV DUH QRW RQO XVHIXO LQ GHVFULELQJ REVHUYDWLRQDO VWXGLHV EXW FDQ DOVR SURYLGH

LQVLJKWV LQ VSUHDG G QDPLFV RI + ,V WKURXJK PXOWLVWDWH PRGHOV VXFK DV VXUYLYDO PRGHOV RU

FRPSHWLQJ ULVNV PRGHOV WKDW FDQ HOXFLGDWH WKH WUDQVLWLRQ SUREDELOLWLHV RI GLIIHUHQW VWDWHV RI

LQIHFWLRQ 7KH UHYLHZ GLG QRW LQFOXGH SXEOLFDWLRQV XVLQJ VRFLDO QHWZRUN DQDO VHV WKDW FDQ

DOVR SURYLGH YDOXDEOH LQIRUPDWLRQ RQ WKH LPSDFW RI FRQWDFW DQG WUDQVIHU QHWZRUN VWUXFWXUH RQ

SRWHQWLDO + , VSUHDG G QDPLFV 'HVSLWH WKHVH H[FOXVLRQV WKH UHYLHZ

ZDV DEOH WR LGHQWLI RYHU VWXGLHV DQG LQ ZKLFK ZHUH H[DPLQHG LQ GHWDLO SURYLGLQJ QHZ

LQVLJKWV LQWR WKH LPSOHPHQWDWLRQ RI FRQWDFW DQG WUDQVIHU QHWZRUN GDWD WR IXUWKHU GHYHORS

PDWKHPDWLFDO PRGHOV LQ KHDOWKFDUH VHWWLQJV )XWXUH UHYLHZV HLWKHU IRFXVHG RQ WKH UROH RI

VWDWLVWLFDO PHWKRGV LQ WKH LPSURYLQJ WKH XQGHUVWDQGLQJ RI SDWKRJHQ VSUHDG G QDPLFV LQ WKHVH

VHWWLQJV RU WKH UROH RI QHWZRUN VWUXFWXUH LQ WHUPV RI QHWZRUN WRSRORJ FKDUDFWHULVWLFV LQ RUGHU WR

GHWDLO FRPSOH[ VRFLDO VWUXFWXUHV VKRXOG DOVR EH FRQGXFWHG

7KUHH PDLQ OLPLWLQJ IDFWRUV UHODWLQJ WR WKH QDWXUH RI WKH 306, GDWDEDVH ZHUH HQFRXQWHUHG LQ WKH

GHYHORSPHQW RI WKH KHDOWKFDUH QHWZRUNV 7KH ILUVW OLPLWDWLRQ GHDOW ZLWK WKH FRGLQJ ELDV RI + ,

LQIHFWLRQ LQ WKH 306, GDWDEDVH LQ RUGHU WR DSSURSULDWHO LGHQWLI SDWLHQWV ZLWK + ,V KRZHYHU

WKH OLWHUDWXUH UHYLHZ DQG WKH LQFOXVLRQ RI D VHFRQG VHW RI FRGHV LQ RUGHU WR LGHQWLI RWKHU SRWHQWLDO

+ , SDWLHQWV DGGUHVVHG WKLV OLPLWDWLRQ +RZHYHU LW VKRXOG EH QRWHG WKDW HYHQ ZLWK WKH DGGLWLRQ

RI D VHFRQG VHW RI PRUH VHQVLWLYH DQG VSHFLILF FRGHV RWKHU GDWD VRXUFHV VXFK DV ODERUDWRU

FRQILUPHG UHVXOWV RI LQIHFWLRQV FRXOG KDYH EHHQ XVHG WR LGHQWLI SDWLHQWV 1HYHUWKHOHVV WKLV WDVN

ZRXOG KDYH EHHQ YHU GLIILFXOW WR DFKLHYH JLYHQ WKH WLPHIUDPH RI WKH WKHVLV GXH WR WKH H[WHQVLYH

VL]H RI WKH QXPEHU RI SDWLHQWV WR HYDOXDWH IRU WKH HQWLUH FRXQWU IRU WKH HQWLUH HDU RI DQG

SRWHQWLDO LVVXHV UHJDUGLQJ DFFHVV WR WKHVH GDWD 2YHUDOO IRU WKH SXUSRVH RI WKH KHDOWKFDUH

QHWZRUN DQDO VHV LW ZDV GHHPHG VXIILFLHQW WR KDYH LQFOXGHG WKH + , VSHFLILF DQG VXVSHFWHG

+ , SDWLHQW WUDQVIHUV LQ RUGHU WR SURGXFH QHWZRUNV WKDW UHIOHFWHG WKH RYHUDOO VWUXFWXUH RI WUDQVIHU

SDWWHUQV RI + , SDWLHQWV LQ RUGHU WR VXIILFLHQWO FRPSDUH WKHP WR WKH JHQHUDO SDWLHQW SRSXODWLRQ

7KH VHFRQG OLPLWDWLRQ UHJDUGLQJ WKH TXDOLW RI WKH 306, GDWD ZDV LQ UHJDUG WR WKH KHDOWKFDUH

IDFLOLW LGHQWLILFDWLRQ QXPEHUV 0DQ RI WKH XQLYHUVLW KRVSLWDOV UHSUHVHQWHG PRUH WKDQ RQH



SXEOLF KRVSLWDO RU KHDOWKFDUH IDFLOLW GXH WR WKH VKDULQJ RI WKH VDPH ),1(66 QXPEHU )RU

H[DPSOH WKH ODUJHVW RXWOLHU KXE LQ 3DULV 3 +3 FRQVWLWXWHG KRVSLWDOV EXW ZDV UHSUHVHQWHG

DV RQH YHUWLFHV LQ WKH QHWZRUN – D YHU VLJQLILFDQW RXWOLHU LQ WHUPV RI FRQQHFWLYLW &RQVHTXHQWO

XQLYHUVLW KRVSLWDO FHQWUHV DFFRPPRGDWHG D ODUJHU SDWLHQW SRSXODWLRQ WKDQ KRVSLWDO FHQWUHV RU

ORFDO KRVSLWDOV LQIOXHQFLQJ WKH QHWZRUN FKDUDFWHULVWLFV ZKLFK PD KDYH OHG WR RYHUHVWLPDWLRQ

RI WKH VSHFLILF SDWLHQW PRYHPHQW SDWWHUQV WR DQG IURP WKHVH FHQWUHV +RZHYHU WKH KLJK

FRQFHQWUDWLRQ RI RWKHU KRVSLWDOV ZLWKLQ SUR[LPLW RI WKHVH SXEOLF KRVSLWDO KXEV GHPRQVWUDWHV

WKDW GHVSLWH WKLV LVVXH PDMRU FLWLHV VXFK DV 3DULV SOD WKH PRVW LPSRUWDQW UROH LQ FRQQHFWLQJ

SDWLHQWV LQ WKH QDWLRQDO QHWZRUN

)LQDOO WKH WKLUG OLPLWDWLRQ ZH HQFRXQWHUHG FRQFHUQLQJ WKH XVH RI WKH 306, GDWDEDVH ZDV WKH

IDFW WKDW SDWLHQWV GLDJQRVHG ZLWK RU SDWLHQWV VXVSHFWHG WR KDYH KDG DQ + , FRXOG EH WUHDWHG DQG

FOHDU WKH LQIHFWLRQ EHIRUH EHLQJ WUDQVIHUUHG ,Q DGGLWLRQ SDWKRJHQV GXH WR DV PSWRPDWLF

FDUULDJH WKH GLDJQRVHV SHUIRUPHG ZLWKLQ KRVSLWDOV PD QRW KDYH DOORZHG LGHQWLI LQJ DOO FDUULHUV

RI SRWHQWLDO + , SDWKRJHQV VR ZH PD KDYH PLVVHG WKHVH LPSRUWDQW SDWLHQW WUDQVIHUV +RZHYHU

GHVSLWH WKHVH OLPLWDWLRQV LQ WKH VHQVLWLYLW DQG VSHFLILFLW WR EH DEOH WR GHWHFW ERWK DV PSWRPDWLF

FDUULHUV DQG FDUULDJH VWDWXV GXULQJ WUDQVIHU RXU UHVXOWV VXJJHVW WKDW WKLV LQIRUPDWLRQ LV QRW

PDQGDWRU VLQFH DOO WKUHH QHWZRUNV UHO RQ WKH VDPH XQGHUO LQJ VWUXFWXUH V D UHVXOW ZH DUH

DEOH WR VKRZ WKDW PRGHOV RI WKH JHQHUDO SDWLHQW SRSXODWLRQ FDQ UHOLDEO LQIRUP XV RQ WKH WUDQVIHU

SDWWHUQV RI GLIIHUHQW SDWLHQW VXE SRSXODWLRQV

PRQJ WKH LQLWLDO DLPV RI WKH WKHVLV ZDV WKH GHYHORSPHQW RI D ODUJH PHWD SRSXODWLRQ OLNH PRGHO

RI SDWKRJHQ VSUHDG LQ WKH )UHQFK KHDOWKFDUH QHWZRUN V GLVFXVVHG LQ WKH V VWHPDWLF UHYLHZ

PDWKHPDWLFDO PRGHOV SURYLGH QRW RQO D WKHRUHWLFDO IUDPHZRUN WR EHWWHU XQGHUVWDQG SDWKRJHQ

VSUHDG G QDPLFV LQ KHDOWKFDUH VHWWLQJV EXW FDQ DOVR OHDG WR WKH WHVWLQJ DQG HYDOXDWLRQ RI QRYHO

LQIHFWLRQ FRQWURO VWUDWHJLHV WKDW FDQ LQIRUP KHDOWKFDUH V VWHPV RQ KRZ WR PRUH HIIHFWLYHO

PDQDJH DQG UHGXFH WKH EXUGHQ RI + ,V VLPSOH 6,6 OLNH PRGHO ZDV GHYHORSHG LQ WKH HDUO

VWDJHV RI WKH WKHVLV DQG LQVLJKWV LQWR KRZ KHDOWKFDUH IDFLOLW QHWZRUN FKDUDFWHULVWLFV PD LPSDFW

HSLGHPLF VSUHDG ZHUH JLYHQ 1RQHWKHOHVV WKH PRGHO ODFNHG WKH FRPSOH[LW WR LQIRUP KHDOWKFDUH

SURIHVVLRQDOV RQ KRZ WR EHWWHU PDQDJH DW ULVN + , SDWLHQWV DQG WKH PRGHO GLG QRW HQWDLO WKH

DVVHVVPHQW RI LQIHFWLRQ FRQWURO PHDVXUHV VXFK DV WKH LPSDFW RI VFUHHQLQJ EDVHG RQ GLIIHUHQW

definitions of “at risk” patients. ,Q DGGLWLRQ WKH PRGHO VKRXOG EH IXUWKHU GHYHORSHG WR LQFOXGH

LPSRUWDQW KRVSLWDO FR IDFWRUV VXFK DV DQWLELRWLF H[SRVXUH DQG WKH IUHTXHQF RI VXUJLFDO

SURFHGXUHV 2QH SRVVLEOH DSSURDFK ZRXOG EH XVLQJ KHWHURJHQHRXV SUREDELOLWLHV RI WUDQVPLVVLRQ



EHWZHHQ KRVSLWDOV GHSHQGLQJ RQ KRVSLWDO FKDUDFWHULVWLFV WR DFFRXQW IRU WKHVH LPSRUWDQW

YDULDWLRQV DQG EHWWHU XQGHUVWDQG WKH G QDPLFV RI SDWKRJHQ VSUHDG LQ WKH KHDOWKFDUH QHWZRUNV

7KH WKHVLV UHVHDUFK KRZHYHU KDV EHHQ D SUHFXUVRU WR D ODUJHU FROODERUDWLYH SURMHFW WKDW KDV EHHQ

IXQGHG from 2018 to 2021 entitled “6SUHDG RI 3DWKRJHQV RQ +HDOWKFDUH ,QVWLWXWLRQV 1HWZRUNV

D PRGHOOLQJ VWXG 63+,1[ ” whose aim is to GHYHORS D PRGHOOLQJ SODWIRUP WR LQWHJUDWH

GLIIHUHQW OHYHOV RI + , WUDQVPLVVLRQ IURP SDWKRJHQ VHOHFWLRQ ZLWKLQ ZDUGV WR WKHLU

GLVVHPLQDWLRQ EHWZHHQ KHDOWKFDUH IDFLOLWLHV DQG XVH WKLV SODWIRUP WR HYDOXDWH FRQWURO

VWUDWHJLHV DW WKH ORFDO UHJLRQDO DQG QDWLRQDO OHYHO 6SHFLILF VWUDWHJLHV VXFK DV WKH LPSDFW RI

DQWLELRWLF H[SRVXUH LQ DGGLWLRQ WR WKH GLIIHUHQW DQWLELRWLF SROLFLHV DPRQJ GLIIHUHQW KRVSLWDOV FDQ

WKHQ EH WDNHQ LQWR DFFRXQW LQ WKH LQGLYLGXDO DQG KRVSLWDO OHYHO PRGHOV QDWLRQDO OHYHO PHWD

SRSXODWLRQ OLNH PRGHO RI WKH KHDOWKFDUH QHWZRUN LV DOVR SODQQHG LQ WKH SURMHFW WR DGGUHVV WKH

VKRUWFRPLQJV RI WKH WKHVLV GXH WR WLPH FRQVWUDLQWV 7KH UHVHDUFK WKDW KDV EHHQ FRQGXFWHG VR IDU

GXULQJ WKH WKHVLV DQG D QXPEHU RI LGHDV RI QRYHO LQIHFWLRQ FRQWURO VWUDWHJLHV EDVHG RQ QHWZRUN

VWUXFWXUH WKDW KDYH EHHQ SURSRVHG ZLOO EH RI YDOXH IRU IXWXUH GHYHORSPHQW RI WKH SURMHFW

IHZ OLPLWDWLRQV ZHUH DOVR IDFHG UHJDUGLQJ GDWD RQ &3( HSLVRGHV LQ )UDQFH ,Q WKH WLPH VHULHV

SURMHFW IRU H[DPSOH ZH KDG WR UHO RQ &3( GDWD IURP WKH QDWLRQDO VXUYHLOODQFH QHWZRUN XS WR

'HFHPEHU HYHQ WKRXJK WKH VWXG EHJDQ DIWHU -XQH 1RW LQFOXGLQJ YDOXDEOH

REVHUYDWLRQV IRU WKH HDU LQ WKH PRGHO OHG WR ZHDNHU HVWLPDWHV RI WKH 6 5,0 PRGHO

SDUDPHWHUV ODUJHU SUHGLFWLRQ LQWHUYDOV DQG IRUHFDVWV RI &3( HSLVRGHV ZLWK OLPLWHG

XVHIXOQHVV EHFDXVH WKH ZHUH LQ SDUW RXWGDWHG 7KHUHIRUH WKH DGYDQFHPHQW RI WKH SURMHFW UHOLHV

RQ PRUH UHFHQW &3( HSLVRGHV EHFRPLQJ DYDLODEOH LQ RUGHU WR LPSURYH WKH SUHGLFWLYH FDSDFLW RI

WKH PRGHOV DQG WR SURYLGH PRUH WLPHO DQG SHUWLQHQW SUHGLFWLRQV RI &3( HSLVRGHV 7KLV ZRUN LV

FXUUHQWO EHLQJ SUHSDUHG

7KH VHFRQG OLPLWDWLRQ ZDV GXH WR D ODFN RI LQIRUPDWLRQ UHJDUGLQJ KRVSLWDOV ZKHUH WKH &3(

HSLVRGHV ZHUH UHSRUWHG ,QGHHG WKH ZRUN UHJDUGLQJ WKH DVVHVVPHQW RI WKH UROH RI LQWHU IDFLOLW

WUDQVIHUV RQ &3( VSUHDG G QDPLFV KDG WR UHO VROHO RQ WKH GHSDUWPHQW RI WKH HSLVRGHV V D

UHVXOW WUDQVIHU UDWHV EHWZHHQ KRVSLWDOV RI WKH VDPH GHSDUWPHQW ZHUH DVVXPHG WR EH KRPRJHQRXV

WKDW UHGXFHG WKH SRZHU RI WKH VWXG +RZHYHU VWDWLVWLFDOO VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH

QHWZRUN VXSSRUWHG SDWK GLVWDQFHV LQ WKH REVHUYHG &3( HSLVRGH GDWD DQG WKH SHUPXWDWLRQV ZHUH

VWLOO REVHUYHG GXH WR VXIILFLHQW KHWHURJHQHLW LQ WKH WUDQVIHU UDWHV EHWZHHQ GHSDUWPHQWV 6LQFH

KRVSLWDO OHYHO &3( GDWD KDV EHHQ UHFHQWO DWWDLQHG IXWXUH ZRUN LQYROYLQJ PRGHOOLQJ WKH



WUDQVPLVVLRQ RI &3( RQ WKH KHDOWKFDUH QHWZRUN ZLOO OHDG WR WKH XVH RI WKH HQWLUH SDWLHQW WUDQVIHU

QHWZRUN DQG WKXV D EHWWHU UHSUHVHQWDWLRQ RI WKH HSLGHPLF RQ WKH QHWZRUN

&DXWLRQV UHJDUGLQJ WKH LQWHUSUHWDWLRQ RI WKH IRUHFDVWV RI &3( LQFLGHQFH VKRXOG EH WDNHQ

/LPLWDWLRQV FRQFHUQLQJ GHWHFWLRQ DQG GHFODUDWLRQ ELDV PD KDYH ELDVHG WKH UHVXOWV &3(

LQFLGHQFH GDWD DQG RXU IRUHFDVWLQJ UHVXOWV DV D FRQVHTXHQFH FRXOG LQ IDFW UHIOHFW WKH LQFUHDVH

LQ GHFODUDWLRQ UDWHV RYHU WLPH E KHDOWKFDUH IDFLOLWLHV DQG ODERUDWRULHV DQG QRW WKH WUXH EXUGHQ

RI GLVHDVH 6RPH IDFLOLWLHV PD EH PRUH DFWLYH LQ GHWHFWLQJ &3( ZKLOH RWKHUV PD QRW ,Q

DGGLWLRQ VRPH IDFLOLWLHV PD EH OHVV OLNHO WR GHFODUH DQG UHSRUW VLQJOH FDVH &3( HSLVRGHV ZKLOH

RWKHUV PD QRW )RU H[DPSOH XQLYHUVLW KRVSLWDOV PD QRW QHFHVVDULO KDYH PRUH FDVHV EXW

UDWKHU GHFODUH &3( GXH WR SURWRFRO RU DYDLODEOH UHVRXUFHV WKDW IDFLOLWDWH GHWHFWLRQ 2Q WKH RWKHU

KDQG VRPH IDFLOLWLHV PD EH OHVV OLNHO WR UHSRUW VLQJOH FDVH HSLVRGHV RU WR LQYHVWLJDWH WKHLU

OLQNV ZLWK RWKHU FDVHV DQG DV D UHVXOW ZH PD XQGHU HVWLPDWH WKH LQFLGHQFH RI WKHVH HSLVRGHV

7KH 6 5,0 PRGHOV JDYH VLPSOH FRQVHUYDWLYH HVWLPDWHV FRQFHUQLQJ WKH SUHGLFWLRQV RI &3(

7KHVH PRGHOV GLG QRW WDNH LQWR DFFRXQW WKH PHFKDQLVPV WKDW PD OHDG WR VSUHDG DQG UHOLHG RQ

WKH DVVXPSWLRQ WKDW GHFODUDWLRQ EHKDYLRXU FRQWURO VWUDWHJLHV DQG VSUHDGLQJ G QDPLFV ZLOO QRW

FKDQJH RYHU WLPH ,Q DGGLWLRQ WKHVH PRGHOV FRQVLGHU D OLQHDU WUHQG ZKLOH LQ IDFW SDWKRJHQV GR

QRW VSUHDG OLQHDUO EXW UDWKHU PD UHVXOW LQ PXOWLSOH FDVHV 7KHUHIRUH WKH PRGHO HVWLPDWHV PD

DFWXDOO XQGHUHVWLPDWH WKH IXWXUH LQFLGHQFH +RZHYHU GHVSLWH WKH VLPSOLFLW DQG SRWHQWLDOO

FRQVHUYDWLYH HVWLPDWHV RI IXWXUH &3( HSLVRGH LQFLGHQFH WKH VWXG DLPHG WR XQGHUOLQH WKH

LPSRUWDQFH RI LPSURYLQJ SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO VWUDWHJLHV DLPHG DW &3( VSUHDG ,W

PD EH YHU OLNHO WKDW WKH EXUGHQ RI GLVHDVH ZLOO JURZ RYHU WLPH DQG KDYH FRQVHTXHQFHV LQ

WHUPV RI GLVHDVH ULVN DG FRVW

)LQDOO &3( LQIHFWLRQ IURP FRPPXQLW VHWWLQJV VKRXOG KDYH DOVR EHHQ FRQVLGHUHG 3RWHQWLDO

&3( FDVHV DUH OLNHO WR EH RFFXUULQJ LQ WKH FRPPXQLW ZKLFK FDQ OHDG WR QRQ LGHQWLILFDWLRQ DQG

SRRU FRQWURO RI DQ SRWHQWLDO FURVV LQIHFWLRQV )XWXUH ZRUN VKRXOG DOVR DVVHVV WKH LPSDFW WKDW

&3( FRPPXQLW WUDQVPLVVLRQ DQG PRGHOV VKRXOG FRQVLGHU WKH LPSDFW RI JXLGHOLQHV IRU

VFUHHQLQJ DQG FRQWUROOLQJ &3( LQ WKH FRPPXQLW

,Q FRQFOXVLRQ PDQ OLPLWDWLRQV ZHUH HQFRXQWHUHG UHJDUGLQJ WKH TXDOLW RI UHVHDUFK RI WKH WKHVLV

KRZHYHU VRPH RI WKHVH OLPLWDWLRQV ZHUH HLWKHU DGGUHVVHG GLUHFWO RU ZLOO EH DGGUHVVHG LQ IXWXUH

ZRUN DV RXWOLQHG LQ WKH 63+,1[ SURMHFW



&KDSWHU 3XEOLF KHDOWK LPSOLFDWLRQV

,PSURYLQJ WKH FXUUHQW NQRZOHGJH RI WKH G QDPLFV DQG PHFKDQLVPV WKDW OHDG WR WKH VSUHDG RI

SDWKRJHQV LQ KHDOWKFDUH VHWWLQJV DQG WKH SURSRVDO RI LQQRYDWLYH SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO

PHDVXUHV VWHPPLQJ IURP WKLV NQRZOHGJH DUH RI PDMRU SXEOLF KHDOWK LPSRUWDQFH + ,V VWUDLQ

KHDOWKFDUH V VWHPV DOO RYHU WKH ZRUOG GXH WR VHYHUDO IDFWRUV LQFUHDVLQJ WKH EXUGHQ RI GLVHDVH RI

SDWLHQWV ZKR ULVN ORQJHU KRVSLWDO VWD V DQG HYHQ GHDWK SRVLQJ D EXUGHQ WR KHDOWKFDUH VWDII DQG

D ILQDQFLDO EXUGHQ WR WKH V VWHP LQ WHUPV RI SURYLGLQJ DQ LQDGHTXDWH QXPEHU RI LVRODWLRQ URRPV

DQG KRVSLWDO EHGV WR KLJK ULVN DQG LQIHFWHG SDWLHQWV PRQJ DOO + , SDWKRJHQV H[WHQVLYHO

GUXJ UHVLVWDQW VWUDLQV SRVH D PDMRU WKUHDW WR SDWLHQW VDIHW DQG LQ VRPH FDVHV SUHYHQWLRQ

PHDVXUHV PD EH WKH VROH PHWKRGV WR FRPEDW WKHLU GLVVHPLQDWLRQ ZKHQ WUHDWPHQW ZLWK

DQWLPLFURELDOV LV QR ORQJHU DQ RSWLRQ V D FRQVHTXHQFH RI WKH ULVLQJ QHHG RI QRYHO SUHYHQWLRQ

DQG LQIHFWLRQ FRQWURO PHDVXUHV WR FRPEDW WKH VSUHDG RI SDWKRJHQV LQ WKH KHDOWKFDUH VHWWLQJ WKLV

WKHVLV VRXJKW WR HOXFLGDWH QHZ DYHQXHV RI LQIHFWLRQ FRQWURO UHVHDUFK WDUJHWLQJ FRPPRQ + ,V

DQG PXOWL GUXJ UHVLVWDQW (QW REDFW LDF D WKURXJK WKH PRGHOOLQJ RI SDWKRJHQ VSUHDG

G QDPLFV ,Q RUGHU WR DFKLHYH WKHVH REMHFWLYHV JLYHQ WKH WLPHIUDPH RI WKH WKHVLV WKUHH

SXEOLFDWLRQV LQ LQWHUQDWLRQDO SHHU UHYLHZHG MRXUQDOV ZHUH SXEOLVKHG RU VXEPLWWHG D V VWHPDWLF

UHYLHZ RI PDWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH VHWWLQJV DQ H[WHQVLYH

DQDO VLV DQG FRPSDULVRQ RI WKH )UHQFK KHDOWKFDUH QHWZRUNV DQG DQ DVVHVVPHQW RI WKH UROH RI

SDWLHQW WUDQVIHUV LQ WKH WUDQVPLVVLRQ RI &3( LQ )UDQFH 7KH IROORZLQJ GLVFXVVLRQ DLPV WR

HQOLJKWHQ WKH SXEOLF KHDOWK LPSOLFDWLRQV RI WKHVH ILQGLQJV DQG KRZ WKH PD SURYLGH D ERG RI

ZRUN WR VXSSRUW QRYHO ZD V RI DGGUHVVLQJ + , SUHYHQWLRQ DQG FRQWURO DW WKH QDWLRQDO VFDOH LQ

SDUWLFXODU IRU WKH FDVH RI )UDQFH EXW WR RWKHU FRQWH[WV DV ZHOO

2QH DYHQXH LQ ZKLFK LQQRYDWLYH SUHYHQWLRQ DQG FRQWURO PHDVXUHV KDYH EHHQ SURSRVHG KDV EHHQ

WKH ILHOG RI PDWKHPDWLFDO PRGHOOLQJ 0DWKHPDWLFDO PRGHOV KDYH SURYLGHG D WKHRUHWLFDO

IUDPHZRUN IRU XQGHUVWDQGLQJ FRPSOH[ WUDQVPLVVLRQ G QDPLFV ZLWKLQ KHDOWKFDUH VHWWLQJV IRU

RYHU HDUV )XUWKHUPRUH WKH KDYH SURYLGHG D TXDQWLWDWLYH DSSURDFK WR HVWLPDWLQJ

WKH LPSDFW RI YDULRXV LQIHFWLRQ FRQWURO VWUDWHJLHV DQG WKHLU FRPELQHG HIIHFWV

7KH QXPEHU RI SXEOLFDWLRQV RQ PDWKHPDWLFDO PRGHOV RI LQIHFWLRQV LQ KHDOWKFDUH VHWWLQJV KDYH

EHFRPH PRUH IUHTXHQW RYHU WKH HDUV 0XOWLSOH IDFWRUV PD KDYH OHG WR WKLV REVHUYHG LQFUHDVH

LQFOXGLQJ SHUFHLYHG XVHIXOQHVV RI PRGHOV DV WRROV IRU XQGHUVWDQGLQJ WKH LPSDFW RI LQIHFWLRQ

SUHYHQWLRQ DQG FRQWURO LQ WKH KHDOWK ILHOG IRU XQGHUVWDQGLQJ GULYHUV RI UHFHQW PDMRU HSLGHPLFV

VXFK DV WKH 6 56 RXWEUHDN DQG WKH (EROD HSLGHPLF

RU JURZLQJ DZDUHQHVV RI IDFWRUV FRQWULEXWLQJ WR WKH JOREDO LPSDFW RI DQWLELRWLF UHVLVWDQFH



'XH WR JURZLQJ XVH RI GLJLWDO GDWD LQ WKH ILHOG RI HSLGHPLRORJ RYHU WKH HDUV VXFK DV DQ

LQFUHDVHG DYDLODELOLW RI GLJLWDOL]HG PHGLFDO UHFRUGV DQG GHYHORSPHQW RI VHQVRU WHFKQRORJ WR

PRQLWRU LQWHU LQGLYLGXDO FRQWDFWV KDYH SURYLGHG UHVHDUFKHUV ZLWK WKH PHDQV WR EXLOG PRUH

UHDOLVWLF PRGHOV )XUWKHU LQQRYDWLRQV LQ GDWD FROOHFWLRQ RQ ERWK QHWZRUN VWUXFWXUH DQG LQIHFWLRQ

LPSOHPHQWDWLRQ RI WKH GDWD LQ PRGHOOLQJ DQG FDOLEUDWLRQ DQG YDOLGDWLRQ RI WKH GDWD LQ WKH PRGHOV

DUH UHTXLUHG WR IXUWKHU UHLQIRUFH H[LVWLQJ UHFRPPHQGDWLRQV DQG WR HYDOXDWH QHZ FRQWURO

VWUDWHJLHV LQ KHDOWKFDUH VHWWLQJV

7KH DQDO VLV RI WKH )UHQFK KHDOWKFDUH QHWZRUNV SURYLGHG D ILUVW GHVFULSWLRQ RI SDWLHQW WUDQVIHU

SDWWHUQV DW WKH )UHQFK QDWLRQDO OHYHO 7KH VWXG VKRZHG WKDW WUDQVIHU SDWWHUQV RI SDWLHQWV ZKR

KDG DQ + , DQG RWKHU SDWLHQWV ZLWK GLIIHUHQW GLVHDVHV DQG FRPRUELGLWLHV ZHUH VXEMHFW WR WKH

VDPH QHWZRUN G QDPLFV ,Q FRPSDULVRQ WR RWKHU KHDOWKFDUH QHWZRUNV LQ (QJODQG WKH

1HWKHUODQGV 6FRWODQG RU WKH 8QLWHG 6WDWHV WKH )UHQFK KHDOWKFDUH QHWZRUNV ZHUH

YHU FHQWUDOL]HG V VWHPV 3XEOLF XQLYHUVLW KRVSLWDO FHQWUHV DQG SULYDWH KRVSLWDOV LQ WKH PDLQ

PHWURSROHV RI )UDQFH GRPLQDWHG SDWLHQW IORZ 6WXGLHV LQ )UDQFH KDYH VKRZQ WKDW KLJKO

FRQQHFWHG KRVSLWDOV PD KDUERXU PRUH 056 DQG 056 EDFWHUDHPLD FDVHV

DQG WKDW + ,V ZHUH RYHUDOO PRVW SUHYDOHQW LQ FDQFHUV FHQWUHV XQLYHUVLW KRVSLWDOV DQG

DUPHG IRUFHV KRVSLWDOV 7KHUHIRUH WKHVH KHDOWKFDUH IDFLOLWLHV PD KDYH WKH PRVW SRWHQWLDO

WR WUDQVPLW + ,V LQ WKH HQWLUH QHWZRUN WKURXJK FDUULDJH E LQIHFWHG RU FRORQL]HG SDWLHQWV

3DWKRJHQV LQ KHDOWKFDUH VHWWLQJV PD VSUHDG DW D KLJKHU UDWH WKDQ H[SHFWHG DW UDQGRP GXH WR WKH

FHQWUDOL]DWLRQ RI SDWLHQW PRYHPHQW DQG GXH WR WKH VPDOO DYHUDJH QXPEHU RI WUDQVIHUV UHTXLUHG

IRU SDWLHQWV WR PRYH WKURXJKRXW WKH QHWZRUN

7KHVH ILQGLQJV ZHUH LQ OLQH ZLWK WKH SUHOLPLQDU 6,6 OLNH PRGHO UHVXOWV VKRZLQJ WKDW WKH KLJKHVW

SUREDELOLW RI D VXVWDLQHG HSLGHPLF RFFXUUHG ZKHQ KXE KRVSLWDOV ZHUH LQLWLDOO LQIHFWHG

VLPXODWLRQ PRGHO RI WKH (QJOLVK KHDOWKFDUH QHWZRUN DOVR LGHQWLILHG XQLYHUVLW WHDFKLQJ KRVSLWDOV

DV KXEV IRU ERWK 056 LQFLGHQFH DQG UHFRPPHQGHG WKHP DV LGHDO WDUJHWV IRU LQWHUYHQWLRQ

PHDVXUHV VXFK DV VFUHHQLQJ RI SDWLHQWV GLVFKDUJHG IURP WKHVH KRVSLWDOV DV D PRUH HIILFLHQW

PHDQV RI FRQWURO RI SDWKRJHQ VSUHDG FRPSDUHG WR XQLYHUVDO VFUHHQLQJ PHDVXUHV ,Q

SDUDOOHO WKH )UHQFK KHDOWKFDUH QHWZRUN VWXG DOVR SRLQWV WR KXEV DV WDUJHWV IRU VHQWLQHO

VXUYHLOODQFH LQ DGGLWLRQ WR SULRULW WDUJHWV RI + , FRQWURO VWUDWHJLHV WR DFKLHYH WKH PRVW HIIHFWLYH

UHGXFWLRQ LQ WUDQVPLVVLRQ DFURVV WKH FRXQWU +HQFH LQ DQ FRQWH[W ZKHUH SDWLHQWV DUH

EHLQJ WUDQVIHUUHG IURP KXE KHDOWKFDUH FHQWUHV VSHFLDO DWWHQWLRQ VKRXOG EH SDLG WR DQ SRWHQWLDO

+ , UHODWHG ULVNV GXULQJ DGPLVVLRQ



,Q UHFHQW HDUV VWXGLHV WKDW KDYH PRGHOOHG WKH VSUHDG RI LQIHFWLRQ LQ KHDOWKFDUH QHWZRUNV KDYH

DUJXHG IRU UHJLRQDO FRRUGLQDWHG FRQWURO VWUDWHJLHV DV RQH RI WKH PRVW HIIHFWLYH ZD V WR UHGXFH

SDWKRJHQ GLVVHPLQDWLRQ LQ KHDOWKFDUH VHWWLQJV DW UHJLRQDO DQG QDWLRQ OHYHOV 7KH

UHJLRQDO FRPPXQLW FOXVWHULQJ ILQGLQJV IURP WKH )UHQFK KHDOWKFDUH QHWZRUN VWXG ZHUH VLPLODU

WR WKDW RI WKH KHDOWKFDUH QHWZRUN RI (QJODQG LQ ZKLFK WKH PDMRULW RI WUDQVIHUV RFFXUUHG WKURXJK

LQWUD UHJLRQDO FRPPXQLW SDWLHQW VKDULQJ DQG SDWLHQW IORZV FHQWUHG WRZDUGV WKH UHJLRQDO

XQLYHUVLW KRVSLWDO ZLWKLQ WKH FRPPXQLW )XUWKHUPRUH WKH )UHQFK VWXG GHPRQVWUDWHG

WKDW D WZR WLHU KRVSLWDO FRPPXQLW VWUXFWXUH H[LVWHG +HDOWKFDUH FRPPXQLWLHV ZHUH LGHQWLILHG DW

ERWK WKH UHJLRQDO OHYHO FRQVLVWHQW ZLWK WKH )UHQFK DGPLQLVWUDWLYH UHJLRQV DQG DW WKH VXE

UHJLRQDO RU GHSDUWPHQW OHYHO 6XEWOH GLIIHUHQFHV EHWZHHQ GHSDUWPHQW OHYHO FRPPXQLWLHV RI WKH

VXVSHFWHG + , DQG WKH JHQHUDO QHWZRUN PD EH LPSRUWDQW LQ GLVWLQJXLVKLQJ KRVSLWDOV ZLWK

KLJKHU SRWHQWLDO WR KDUERXU + , SDWKRJHQV ZLWK SRVVLEOH FRQVHTXHQFHV LQ WHUPV RI VSUHDG

SUHGLFWLRQ KRZHYHU WKLV UHTXLUHV IXUWKHU VWXG &RRUGLQDWHG ORFDO FRQWURO PHDVXUHV VXFK DV

VFUHHQLQJ DW ULVN SDWLHQW WUDQVIHUV DQG LQFUHDVLQJ FRQWDFW SUHFDXWLRQV EDVHG RQ WKH FHQWUDOLW RI

D QHLJKERXULQJ GLVFKDUJH KRVSLWDO ZLWK NQRZQ FDVHV PD EH WKH ILUVW OLQH RI GHIHQFH DJDLQVW

SDWKRJHQ VSUHDG ZLWKLQ WKH UHJLRQV EHIRUH VSUHDG UHDFKHV WKH KXE XQLYHUVLW KRVSLWDOV WKURXJK

LQWUD FRPPXQLW WUDQVIHU

,PSRUWDQW LQWHUPHGLDU WUDMHFWRULHV PD SOD D NH UROH LQ WKH VSUHDG RI SDWKRJHQV EHWZHHQ KXE

KRVSLWDOV DQG EHWZHHQ FRPPXQLWLHV VWXG KDV VKRZQ WKDW PRGLI LQJ WKH QXPEHU RI SDWLHQWV

PRYLQJ EHWZHHQ FRPPXQLWLHV PD UHGXFH WKH VSUHDG RI 056 IRU H[DPSOH 7KH VDPH

authors also showed that even though a healthcare facility’s strong connections were important 

ULVN IDFWRUV IRU D GLUHFW QHLJKERXU ZHDNHU FRQQHFWLRQV DOVR RIIHUHG LGHDO LQGLUHFW URXWHV IRU

SDWKRJHQV WR WUDYHO IXUWKHU DQG IDVWHU LQ WKH QHWZRUN ,Q DGGLWLRQ IRU WKH FDVH RI &3( WKH

IRXQG WKDW LQ WHUPV RI DEVROXWH QXPEHUV RI FRORQLVHG SDWLHQWV DGPLWWHG WR D KRVSLWDO E WUDQVIHUV

IURP WKH VDPH UHJLRQ FRPSDUHG WR WUDQVIHUV FRPLQJ IURP RXWVLGH WKHLU UHJLRQ WUDQVIHUV

RFFXUULQJ ZLWKLQ WKH VDPH UHJLRQ SRVHG PRUH RI WKUHDW 7KHUHIRUH WKHVH VWXGLHV SDUDOOHO

WKH REVHUYDWLRQV RI D WZR WLHU OLNH QHWZRUN VWUXFWXUH LQ ZKLFK LQIHFWLRQ ULVNV GHSHQGV RQ WKH

WZR OHYHOV 6OLJKWO ZHDNHU OLQNV DW WKH VXE UHJLRQDO OHYHO PD SOD D PRUH LPSRUWDQW UROH LQ WKH

VSUHDG G QDPLFV LQ WHUPV RI DEVROXWH QXPEHU RI WUDQVIHUV DQG WKXV SRWHQWLDOO LQIHFWLRQ ULVN

FRPSDUHG WR WKH KLJKO ZHLJKWHG DQG FRQQHFWHG LQWHU FRPPXQLW OLQNV EHWZHHQ KXEV 7KH

VLPXODWLRQ RI SDWKRJHQ VSUHDG LQ WKH QHWZRUNV VKRZHG WKDW DOEHLW WKH KXEV LQWURGXFLQJ LQIHFWLRQ

IURP WKH ODUJH PHWURSROH DFURVV WR WKH UHJLRQV WKH KLJKHVW QXPEHU RI LQIHFWHG KRVSLWDOV UHVXOWHG

IURP UHJLRQDO XQLYHUVLW KRVSLWDOV GLVVHPLQDWLQJ WKH LQIHFWLRQ WR WKH ORFDO VXE UHJLRQDO FOXVWHUV



7KH WZR WLHU VWUXFWXUH PD LQIRUP FRRUGLQDWHG VWUDWHJLHV DW D PRUH ORFDO OHYHO ZKHUH KHDOWKFDUH

IDFLOLWLHV QRW RQO LGHQWLI DW ULVN SDWLHQWV WUDQVIHUUHG IURP KXE XQLYHUVLW KRVSLWDO FHQWUHV EXW

DOVR FRQVLGHU WKH ULVNV FRPLQJ IURP QHLJKERXULQJ ORFDO KRVSLWDO FHQWUHV ,QIHFWLRQ FRQWURO

VWUDWHJLHV – IRU VKRUW WHUP FRQWURO – VKRXOG UHO PRUH RQ WKH ORFDO GHSDUWPHQW OHYHO G QDPLFV

WR PLQLPL]H KRVSLWDO OHYHO RXWEUHDNV DQG WUDQVPLVVLRQ WR QHLJKERXULQJ KRVSLWDOV ,Q WKH ORQJ

WHUP UHJLRQDO FRPPXQLW G QDPLFV PD JLYH FOXHV UHJDUGLQJ WKH JUDGXDO SURSDJDWLRQ RI

VSHFLILF VWUDLQV RI SDWKRJHQV RYHU WLPH DVVXPLQJ FDUULDJH SDWWHUQV IROORZ WKDW RI SDWLHQW IORZ

SDWWHUQV LQ WKH KHDOWKFDUH QHWZRUNV )XWXUH VWXGLHV DUH QHHGHG WR YDOLGDWH WKHVH

UHFRPPHQGDWLRQV DQG WR TXDQWLI WKH FRQWURO PHDVXUHV ,Q DGGLWLRQ RWKHU VWXGLHV DUH DOVR

UHTXLUHG WR DVVHVV WKH WHPSRUDO G QDPLFV RI SDWKRJHQ VSUHDG LQ QHWZRUNV LQ RUGHU WR LGHQWLI

DQ SRWHQWLDO VHDVRQDOLW SDWWHUQV RI IORZ DQG KRZ WR SUHYHQW HPHUJLQJ PXOWL GUXJ UHVLVWDQW

EDFWHULD IURP EHFRPLQJ HQGHPLF

/RQJ WHUP SUHYHQWLRQ PHDVXUHV DUH DOVR QHHGHG WR SUHYHQW HPHUJLQJ SDWKRJHQV IURP EHFRPLQJ

HQGHPLF 5HGXFLQJ KRVSLWDO FRQQHFWHGQHVV LQ RUGHU WR UHGXFH WKH ULVN RI VSUHDG RI SDWKRJHQV LQ

QHWZRUNV LV DW WKH FRUH RI PDQ QRYHO LQIHFWLRQ FRQWURO SURSRVDOV 'HFHQWUDOL]DWLRQ

RI WKH KHDOWKFDUH V VWHP DQG PRUH VSHFLILFDOO KXPDQ UHVRXUFH DQG VSHFLDOL]HG KHDOWK VHUYLFHV

WRZDUGV WKH UHJLRQDO DQG GHSDUWPHQW OHYHOV PD KHOS UHGXFH WKH KLJK FRQQHFWHGQHVV RI KXEV LQ

WKH PHWURSROH FHQWUHV DQG UHGLUHFW SDWLHQW WUDQVIHUV KRZHYHU WKLV UHPDLQV WR EH WHVWHG )UDQFH

SUHYLRXVO PRYHG WRZDUGV UHJLRQDOL]DWLRQ VWUDWHJLHV ZLWK WKH FUHDWLRQ RI UHJLRQDO KRVSLWDO

DJHQFLHV DOEHLW QRW YHU HIIHFWLYH DQG FXUUHQW WUHQGV JHDU PRUH WRZDUGV FHQWUDOL]HG

KHDOWKFDUH ,Q DGGLWLRQ WKH QXPEHU RI XQLYHUVLW KRVSLWDOV PD EH LQVXIILFLHQW LQ

)UDQFH EHORZ WKDW RI WKH 8. D FRXQWU ZLWK D VLPLODU SRSXODWLRQ VL]H 7KHUHIRUH RQH VWUXFWXUDO

VROXWLRQ WR DOOHYLDWH WKH EXUGHQ RI SDWKRJHQ VSUHDG FRXOG EH LQFUHDVLQJ WKH QXPEHU IDFLOLWLHV

SURYLGLQJ VSHFLDOL]HG VHUYLFHV DQG GLVWULEXWLQJ WKHP DW WKH ORFDO OHYHO WR KHOS UHGLUHFW SDWLHQW

IORZ DQG SRWHQWLDOO DYRLG ODUJH VFDOH SDWKRJHQ GLVSHUVDO

2QH QRWDEOH VRXUFH RI FRQFHUQ LV WKH ULVN RI &3( EHFRPLQJ HQGHPLF &3( HSLVRGHV KDYH

EHFRPH ZLGHVSUHDG LQ )UDQFH DQG WKH QXPEHU RI HSLVRGHV FRQWLQXH WR ULVH HYHU HDU 7KH ,OH

GH )UDQFH UHJLRQ ZKLFK LQFOXGHV 3DULV DQG QHLJKERXULQJ )UHQFK GHSDUWPHQWV KDV WKH KLJKHVW

LQFLGHQFH RI &3( HSLVRGHV LQFOXGLQJ WKH KLJKHVW QXPEHU RI HSLVRGHV OLQNHG WR LQWHUQDWLRQDOO

LPSRUWHG FDVHV 3DULV VHUYHV DV D KHDOWKFDUH KXE DQG DWWUDFWV D KLJK QXPEHU RI SDWLHQWV VHHNLQJ

VSHFLDOL]HG FDUH ZKLFK PD SXW WKHP DW KLJKHU ULVN IRU &3( LQIHFWLRQ 7KH LQIHFWLRQ ULVNV DUH

WKXV WZR IROG SDWLHQW VHHNLQJ VSHFLDOL]HG FDUH PD LQFUHDVH LQGLYLGXDO ULVN IDFWRUV WR LQIHFWLRQ

EHFDXVH VSHFLDOL]HG VHUYLFHV PD HQWDLO VXUJHU DQG RWKHU LQYDVLYH SURFHGXUHV DQG DOVR SDWLHQW



H[SRVXUH WR D KLJKHU QXPEHU RI SRWHQWLDO FRQWDFWV ZLWK &3( FDUULHUV GXH WR KLJK &3( LQFLGHQFH

7KH WLPH VHULHV VWXG SUHGLFWHG VWDELOL]DWLRQ RI HSLVRGHV ZLWK PXOWLSOH FDVHV LQ )UDQFH IRU WKH

QH[W IHZ HDUV 7KHUHIRUH RQH FDQ DVVXPH WKDW WKH FRQWURO PHDVXUHV DOUHDG LQ SODFH GXULQJ WKH

SHULRG WR FRQWURO RXWEUHDNV KDYH EHHQ HIIHFWLYH DQG VKRXOG FRQWLQXH LQ RUGHU WR

FRQWURO WUDQVPLVVLRQ WR DYRLG UHFXUULQJ KRVSLWDO RXWEUHDNV ,W VKRXOG EH QRWHG KRZHYHU WKDW

PXOWLSOH FDVH HSLVRGHV UHSUHVHQWHG D UDQJH EHWZHHQ WZR WR &3( FDVHV SHU HSLVRGH

7KHUHIRUH D KLJKHU QXPEHU RI SHUVRQ WR SHUVRQ WUDQVPLVVLRQ HYHQWV PD FRQWLQXH WR RFFXU

KRZHYHU WKH QXPEHU RI RXWEUHDNV ZHUH SUHGLFWHG WR RFFXU DW D VWDELOL]HG IUHTXHQF 7KH VWXG

DOVR SUHGLFWHG DQ LQFUHDVH LQ WKH QXPEHU RI VLQJOH FDVH HSLVRGHV EXW WKLV PD EH GXH WKH

VXUYHLOODQFH V VWHP IDLOLQJ WR OLQN WUDQVPLVVLRQ HYHQWV RU LQFRPSOHWH VXUYHLOODQFH GDWD

7KH SUHYLRXVO PHQWLRQHG SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV IRU SDWKRJHQ VSUHDG LQ KHDOWKFDUH

VHWWLQJV DUH HVSHFLDOO SHUWLQHQW IRU WKH &3( HSLGHPLF 7KH G QDPLFV RI &3( WUDQVPLVVLRQ LQ

)UDQFH KDYH FKDQJHG RYHU WLPH 0RXQWLQJ HYLGHQFH IRU ORFDO VSUHDG WKURXJK WUDQVIHUV HPHUJHG

LQ IROORZHG E WKH VWURQJHVW HYLGHQFH IRU WUDQVIHU QHWZRUN VXSSRUWHG &3( WUDQVPLVVLRQ LQ

7KHVH UHVXOWV VXJJHVW WKDW EHWZHHQ DQG WKHUH ZDV D JURZLQJ FRQWULEXWLRQ RI

UHJLRQDO DQG LQWHU UHJLRQDO WUDQVIHUV LQ WKH VSUHDG RI &3( LQ )UDQFH ZKLFK LV LQ FRQFRUGDQFH

ZLWK UHSRUWV E WKH (&'& ,Q DGGLWLRQ WKH HVWLPDWHG GHOD LQ QRWLILFDWLRQ RI &3( HSLVRGHV

EHWZHHQ KRVSLWDOV GXH WR SDWLHQW WUDQVIHU ZDV REVHUYHG EHWZHHQ WR GD V DIWHU LQLWLDO

QRWLILFDWLRQ LQ DQ LQGH[ KRVSLWDO 7KHUHIRUH WKLV UHFHQW VWXG QRW RQO OLQNHG &3( WUDQVPLVVLRQ

HYHQWV WR SDWLHQW WUDQVIHUV LQ UHFHQW HDUV EXW DOVR HVWLPDWHG GHOD LQ QRWLILFDWLRQ RI WKHVH

HYHQWV 7KHVH WZR ILQGLQJV UHLQIRUFH UHFRPPHQGDWLRQV KLJKOLJKWLQJ WKH LPSRUWDQFH RI

FRQVLGHULQJ SDWLHQW WUDQVIHU DV FULWLFDO ULVN IDFWRUV IRU &3( LQWURGXFWLRQ WKDW FRXOG KHOS WKH

VXUYHLOODQFH V VWHP WR HVWLPDWH KLJK ULVN SHULRGV IRU RXWEUHDNV OLQNHG WR SDWLHQW WUDQVIHUV IURP

KRVSLWDOV ZLWK NQRZQ &3( FDVHV DQG WKDW FRXOG OHDG WR SXEOLF KHDOWK DXWKRULWLHV WR WDNH DFWLRQ

GXULQJ FULWLFDO SHULRGV WR FRQWURO VSUHDG

1HWZRUN VWUXFWXUH FDQ DOVR H[SODLQ WKH REVHUYDWLRQV RI WKHVH ORFDO WUDQVPLVVLRQ HYHQWV %RWK WKH

QXPEHU RI OLQNHG HSLVRGHV RFFXUULQJ LQ WKH VDPH GHSDUWPHQW LQFUHDVHG RYHU WLPH DQG WKH

SURSRUWLRQ RI OLQNHG HSLVRGHV RFFXUULQJ LQ GLIIHUHQW GHSDUWPHQWV RFFXUUHG ZLWKLQ VKRUWHU

JHRJUDSKLF SUR[LPLW RYHU WLPH DV ZHOO V SUHYLRXVO PHQWLRQHG ORFDO GHSDUWPHQW OHYHO

FRPPXQLW SDWLHQW VKDULQJ ZDV H[SHFWHG WR SOD DQ LPSRUWDQW UROH LQ LQIHFWLRQ VSUHDG G QDPLFV

7KH LQFUHDVLQJ QXPEHU RI WKHVH SRVVLEOH &3( WUDQVPLVVLRQ HYHQWV RFFXUULQJ LQ WKH VDPH

GHSDUWPHQW PD EH H[SODLQHG E WKH IDFW WKDW PRVW SDWLHQW WUDQVIHUV LQ WKH KHDOWKFDUH QHWZRUN

RFFXUUHG DW WKH ORFDO OHYHO 7KHUHIRUH WKH ODUJHVW SURSRUWLRQ RI &3( WUDQVPLVVLRQ PD KDYH



RFFXUUHG EHWZHHQ QHLJKERXULQJ KRVSLWDOV DQG SXEOLF KHDOWK DXWKRULWLHV VKRXOG WDNH LQ WR

FRQVLGHUDWLRQ WKH LPSRUWDQFH RI PRQLWRULQJ ORFDO SDWLHQW WUDQVIHUV IRU SRWHQWLDO DW ULVN &3(

FDUULHUV LQ RUGHU WR KDYH WKH PRVW HIIHFWLYH LPSDFW RQ WKH &3( HSLGHPLF

:KLOH SDWLHQW WUDQVIHUV DUH FHUWDLQO QRW WKH VROH H[SODQDWLRQ IRU WKH DXJPHQWDWLRQ LQ REVHUYHG

&3( HSLVRGHV EHWZHHQ DQG DQG RWKHU IDFWRUV VXFK DV DQWLELRWLF H[SRVXUH VKRXOG KDYH

EHHQ FRQVLGHUHG WKHVH VWXGLHV VXJJHVW WKDW SDWLHQW WUDQVIHU KDV SOD HG DQ LQFUHDVLQJO

VLJQLILFDQW UROH RYHU WLPH (SLVRGHV IURP LQWHUQDWLRQDO LPSRUWDWLRQ FRXOG DOVR KDYH FRQWULEXWHG

WR DOPRVW KDOI RI WKH VSUHDG RI &3( LQ )UDQFH IRU H[DPSOH 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK WKH

RXWEUHDN GHVFULSWLRQV REVHUYH LQ WKH OLWHUDWXUH LQ ZKLFK ERWK LPSRUWHG DQG QRQ LPSRUWHG FDVHV

KDYH OHG WR VHFRQGDU FDVHV RI &3( LQ GLIIHUHQW KRVSLWDOV ,Q DGGLWLRQ WKH KHWHURJHQHLW LQ

LQIHFWLRQ FRQWURO SROLFLHV DFURVV GLIIHUHQW W SHV RI KHDOWKFDUH IDFLOLWLHV LQ )UDQFH DQG OLPLWHG

LPSOHPHQWDWLRQ RI VSHFLILF VWUDWHJLHV WR FRQWURO &3( PD KDYH OHG WR SRRU FRQWURO RI &3( DQG

LQ FRQVHTXHQFH GLVVHPLQDWLRQ RYHU WLPH

2XU UHVXOWV PD DOVR KHOS HOXFLGDWH KRZ SDWLHQW WUDQVIHUV FDQ VHUYH DV D PHFKDQLVP RI VSUHDG

RI &3( LQ )UDQFH 6LQFH DV PSWRPDWLF FDUULDJH RI &3( FRXOG RFFXU DQG WKHUH PD EH

KHWHURJHQHRXV GHWHFWLRQ RI FRORQLVHG SDWLHQWV DFURVV GLIIHUHQW KHDOWKFDUH IDFLOLWLHV

XQGHUVWDQGLQJ SDWLHQW WUDQVIHU SDWWHUQV PD DOVR KHOS HOXFLGDWH WKH SRWHQWLDO ULVNV IRU QHZ

LQWURGXFWLRQV LQ WKH KHDOWKFDUH QHWZRUN

7KHUH ZDV QR REVHUYHG DVVRFLDWLRQ EHWZHHQ WKH QXPEHU RI FDVHV SHU SRWHQWLDO LQIHFWRU HSLVRGH

DQG WKH QXPEHU RI VHFRQGDU HSLVRGHV 2Q RQH KDQG WKLV PD VXJJHVW WKDW FRQWURO PHDVXUHV

KDYH SUHYHQWHG ODUJH KRVSLWDO RXWEUHDNV IURP FDXVLQJ PXOWL GHSDUWPHQW RXWEUHDNV GXULQJ WKH

SHULRG RQ WKH RWKHU KDQG DV SUHYLRXVO PHQWLRQHG LQ WKH WLPH VHULHV VWXG PRVW

UHSRUWV ZHUH VLQJOH FDVH HSLVRGHV VXJJHVWLQJ D SRWHQWLDO IDLOXUH RI VXUYHLOODQFH DXWKRULWLHV LQ

LGHQWLI LQJ VLQJOH FDVHV DV SDUW RI WKH VDPH FKDLQ RI WUDQVPLVVLRQ RI RWKHU UHSRUWHG HSLVRGHV

1HWZRUN G QDPLFV PD DOVR KHOS H[SODLQ &3( RXWEUHDNV 7KH QXPEHU RI &3( VSUHDGLQJ HYHQWV

LQYROYLQJ PXOWLSOH HSLVRGHV KDV LQFUHDVHG RYHU WLPH )RU H[DPSOH DQ LPSRUWHG 2;

HSLVRGH LQ 3DULV ZDV OLQNHG WR QLQH RWKHU HSLVRGHV LQ QLQH GLIIHUHQW GHSDUWPHQWV LQ )UDQFH LQ

3DULV KDV EHHQ LGHQWLILHG DV WKH ODUJHVW KXE IRU QRW RQO &3( HSLVRGHV OLQNHG WR

LPSRUWDWLRQ EXW DOVR IRU SDWLHQW WUDQVIHU 2WKHU H[DPSOHV RI PXOWLSOH VSUHDGLQJ HYHQWV LQYROYLQJ

KXEV IXUWKHU KLJKOLJKW WKH LPSRUWDQW UROH RI OLQNV ZLWK D ODUJH QXPEHU RI SDWLHQW WUDQVIHUV LQ

FRQQHFWLQJ JHRJUDSKLFDOO GLVWDQW KRVSLWDOV LQ WHUPV RI + , WUDQVPLVVLRQ 7KHVH REVHUYDWLRQV

XQGHUOLQH WKH LPSRUWDQFH IRU KHDOWK DXWKRULWLHV WR LPSURYH FRQWURO HIIRUWV LQ ODUJH DQG KLJKO



FRQQHFWHG PHWURSROHV DQG KHDOWKFDUH IDFLOLWLHV 7KHVH HIIRUWV DOVR JR KDQG LQ KDQG ZLWK

FRRUGLQDWLRQ EHWZHHQ WKH UHJLRQDO VXUYHLOODQFH V VWHPV ORFDO H[SHUW ODERUDWRULHV DQG UHJLRQDO

KHDOWK DXWKRULWLHV LQ RUGHU WR UDSLGO LGHQWLI &3( FDVHV +HDOWKFDUH IDFLOLWLHV VKRXOG DOVR EH

XUJHG WR TXLFNO QRWLI DQ FDVHV RU SRWHQWLDO FRQWDFWV ,Q DGGLWLRQ VFUHHQLQJ PHDVXUHV FRQWDFW

SUHFDXWLRQV DQG VWULFW FRKRUWLQJ RI SDWLHQWV ZKLFK KDYH EHHQ VKRZQ HVSHFLDOO HIIHFWLYH LQ RQH

SDUWLFXODU &3( RXWEUHDN VKRXOG EH LPSOHPHQWHG RQFH FDVHV DUH LGHQWLILHG



Conclusion
+HDOWKFDUH QHWZRUNV KDYH EHHQ LPSRUWDQW LQ HOXFLGDWLQJ WKH UROH RI SDWLHQW WUDQVIHU SDWWHUQV LQ

SDWKRJHQ VSUHDG LQ KHDOWKFDUH VHWWLQJV 7KH PDMRU OLPLWLQJ IDFWRU RI WKLV ZRUN KDV EHHQ WKH

ODFN RI D GHWDLOHG PRGHOOLQJ VWXG TXDQWLI LQJ WKH LPSDFW RI SDWKRJHQ VSUHDG LQ WKH KHDOWKFDUH

QHWZRUNV KRZHYHU WKLV ERG RI ZRUN SURYLGHV D IRXQGDWLRQ IRU IXWXUH ZRUN RQ PRGHOOLQJ

VSUHDG ,Q DGGLWLRQ WKH YDULRXV ILQGLQJV RI WKH VWXGLHV FRQGXFWHG GXULQJ WKH FRXUVH RI WKH

WKHVLV PD KHOS HQOLJKWHQ SXEOLF KHDOWK LPSOLFDWLRQV RI SDWLHQW WUDQVIHUV RQ VSUHDG G QDPLFV LQ

RUGHU WR SURYLGH D ERG RI ZRUN WR VXSSRUW QRYHO ZD V RI DGGUHVVLQJ SUHYHQWLRQ DQG FRQWURO LQ

KHDOWKFDUH VHWWLQJV DW WKH QDWLRQDO VFDOH 7KHVH VWXGLHV VXSSRUW UHJLRQDO FRRUGLQDWHG HIIRUWV DW

WKH ORFDO UHJLRQDO DQG QDWLRQDO OHYHO EHWZHHQ KHDOWKFDUH IDFLOLWLHV WKDW UHTXLUHV WKH DLG RI WKH

VXUYHLOODQFH V VWHP LQ RUGHU WR FRRUGLQDWH WKHVH HIIRUWV DQG PRELOL]H IDFLOLWLHV WR LPSOHPHQW

QHZ PHDVXUHV DFFRUGLQJO ,Q DGGLWLRQ WKHVH HIIRUWV UHTXLUH WKH FRRSHUDWLRQ RI XQLYHUVLW
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LQWHUQDWLRQDO LPSRUWDWLRQ DQG ORFDO VSUHDG DV D UHVXOW LW LV RI XSPRVW LPSRUWDQFH IRU

KHDOWKFDUH QHWZRUN G QDPLFV WR EH FRQVLGHUHG LQ WKH SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO SURFHVV

7KLV WKHVLV VHUYHV WR KLJKOLJKW WKH LPSRUWDQFH RI KHDOWKFDUH QHWZRUN VWUXFWXUH LQ WKH

GHYHORSPHQW RI HIIHFWLYH SUHYHQWLRQ DQG LQIHFWLRQ FRQWURO PHDVXUHV



References
5HSRUW RQ WKH EXUGHQ RI HQGHPLF KHDOWK FDUH DVVRFLDWHG LQIHFWLRQ ZRUOGZLGH *HQHYD

:+2

(&'& 3RLQW SUHYDOHQFH VXUYH RI KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV DQG DQWLPLFURELDO
XVH LQ (XURSHDQ DFXWH FDUH KRVSLWDOV

(&'& QQXDO HSLGHPLRORJLFDO UHSRUW RQ FRPPXQLFDEOH GLVHDVHV LQ (XURSH
UHSRUW RQ WKH VWDWH RI FRPPXQLFDEOH GLVHDVHV LQ WKH (8 DQG (( ()7 FRXQWULHV

&DUOHW - /HV LQIHFWLRQV OLpHV DX[ VRLQV PpGLFDX[ +DXW &RQVHLO GH OD 6DQWp 3XEOLTXH

/HV FR WV LQGXLWV SDU OHV LQIHFWLRQV QRVRFRPLDOHV 6pQDW >XSGDWHG SULO
YDLODEOH IURP KWWSV ZZZ VHQDW IU UDS U U KWPO

6XUYHLOODQFH GHV EDFWpULHV PXOWLUpVLVWDQWHV GDQV OHV pWDEOLVVHPHQWV GH VDQWp 5pVHDX
%05 5DLVLQ )UDQFH 5pVXOWDWV 6DLQW 0DXULFH 6DQWp SXEOLTXH )UDQFH

5LVN VVHVVPHQW RQ WKH 6SUHDG RI &DUEDSHQHPDVH 3URGXFLQJ (QWHUREDFWHULDFHDH
&3( WKURXJK 3DWLHQW 7UDQVIHU EHWZHHQ +HDOWKFDUH )DFLOLWLHV ZLWK 6SHFLDO (PSKDVLV RQ
&URVV %RUGHU 7UDQVIHU (XURSHDQ &HQWUH IRU 'LVHDVH 3UHYHQWLRQ DQG &RQWURO

1RUGPDQQ 3 1DDV 7 3RLUHO / *OREDO 6SUHDG RI &DUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH (PHUJLQJ ,QIHFWLRXV 'LVHDVHV

9DX[ 6 &DUERQQH 7KLROHW -0 -DUOLHU 9 &RLJQDUG % 5 ,6,1 HW DO (PHUJHQFH RI
FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH LQ )UDQFH WR (XURVXUYHLOODQFH

1DDV 7 4XDQG FRPPHQW HW SRXUTXRL GpSLVWHU GHV HQWpUREDFWpULHV SURGXFWULFHV GH
FDUEDSpQqPDVHV SSRUW GH OD 3&5 HW GHV WHVWV UDSLGHV &SLDV XYHUJQH 5KRQH OSHV
> YDLODEOH IURP KWWS ZZZ FSLDV
DXYHUJQHUKRQHDOSHV IU -RXUQHHV - 6( BQDDVBUHVLVWDQFHBHQWHUREDFWHULHV SGI

(YHLOODUG 0 4XHQRQ - / 5XIDW 3 0DQJHRO )DXYHOOH ) VVRFLDWLRQ %HWZHHQ
+RVSLWDO FTXLUHG ,QIHFWLRQV DQG 3DWLHQWV 7UDQVIHUV ,QIHFWLRQ &RQWURO +RVSLWDO
(SLGHPLRORJ

5RERWKDP -9 6FDUII & -HQNLQV '5 0HGOH *) 0HWLFLOOLQ UHVLVWDQW
WDSK ORFRFF D 056 LQ KRVSLWDOV DQG WKH FRPPXQLW PRGHO SUHGLFWLRQV EDVHG RQ
WKH 8. VLWXDWLRQ -RXUQDO RI +RVSLWDO ,QIHFWLRQ

'RQNHU 7 :DOOLQJD - *UXQGPDQQ + 3DWLHQW UHIHUUDO SDWWHUQV DQG WKH VSUHDG RI
KRVSLWDO DFTXLUHG LQIHFWLRQV WKURXJK QDWLRQDO KHDOWK FDUH QHWZRUNV 3ORV &RPSXWDWLRQDO
%LRORJ

'RQNHU 7 :DOOLQJD - *UXQGPDQQ + 'LVSHUVDO RI DQWLELRWLF UHVLVWDQW KLJK ULVN FORQHV
E KRVSLWDO QHWZRUNV FKDQJLQJ WKH SDWLHQW GLUHFWLRQ FDQ PDNH DOO WKH GLIIHUHQFH -RXUQDO RI
+RVSLWDO ,QIHFWLRQ



YDQ %XQQLN % ' &LFFROLQL 0 *LEERQV &/ (GZDUGV * )LW]JHUDOG 5 0F GDP 35
HW DO (IILFLHQW QDWLRQDO VXUYHLOODQFH IRU KHDOWK FDUH DVVRFLDWHG LQIHFWLRQV %0& 3XEOLF +HDOWK

)HUQiQGH] *UDFLD - 2QQHOD - 3 %DUQHWW 0/ (JXtOX] 90 &KULVWDNLV 1 6SUHDG RI
SDWKRJHQV LQ WKH SDWLHQW WUDQVIHU QHWZRUN RI 86 KRVSLWDOV 3K VLFV DQG 6RFLHW

VVDE 5 1HNNDE 1 &UHSH 3 VWDJQHDX 3 *XLOOHPRW ' 2SDWRZVNL / HW DO
0DWKHPDWLFDO PRGHOV RI LQIHFWLRQ WUDQVPLVVLRQ LQ KHDOWKFDUH VHWWLQJV UHFHQW DGYDQFHV IURP
WKH XVH RI QHWZRUN VWUXFWXUHG GDWD &XUUHQW 2SLQLRQ LQ ,QIHFWLRXV 'LVHDVHV

*HUELHU 6 %RX]ELG 6 3UDGDW ( %DXOLHX[ - /HSDSH %HUODQG 0 HW DO 8VH RI WKH
)UHQFK PHGLFR DGPLQLVWUDWLYH GDWDEDVH 306, WR GHWHFW QRVRFRPLDO LQIHFWLRQV LQ WKH
8QLYHUVLW +RVSLWDO RI / RQ 5HYXH G (SLGpPLRORJLH HW GH 6DQWp 3XEOLTXH

&ODXVHW 6KDOL]L &5 1HZPDQ 0(- 3RZHU ODZ GLVWULEXWLRQV LQ HPSLULFDO GDWD

5RVYDOO 0 %HUJVWURP &7 0DSV RI UDQGRP ZDONV RQ FRPSOH[ QHWZRUNV UHYHDO
FRPPXQLW VWUXFWXUH 3URFHHGLQJV RI WKH 1DWLRQDO FDGHP RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV
RI PHULFD

3UHYHQWLRQ RI KRVSLWDO DFTXLUHG LQIHFWLRQV D SUDFWLFDO JXLGH *HQHYD :RUOG +HDOWK
2UJDQL]DWLRQ :+2 5HSRUW 1R :+2 &'6 &65 (3+

+RUDQ 7& QGUXV 0 'XGHFN 0DUJDUHW &'& 1+61 VXUYHLOODQFH GHILQLWLRQ RI
KHDOWK FDUH–DVVRFLDWHG LQIHFWLRQ DQG FULWHULD IRU VSHFLILF W SHV RI LQIHFWLRQV LQ WKH DFXWH FDUH
VHWWLQJ PHULFDQ -RXUQDO RI ,QIHFWLRQ &RQWURO

YRQ :LQWHUVGRUII &-+ 3HQGHUV - YDQ 1LHNHUN -0 0LOOV 1' 0DMXPGHU 6 YDQ
OSKHQ /% HW DO 'LVVHPLQDWLRQ RI QWLPLFURELDO 5HVLVWDQFH LQ 0LFURELDO (FRV VWHPV

WKURXJK +RUL]RQWDO *HQH 7UDQVIHU )URQW 0LFURELRO

7DFFRQHOOL ( &DUUDUD ( 6DYROGL +DUEDUWK 6 0HQGHOVRQ 0 0RQQHW '/ HW DO
'LVFRYHU UHVHDUFK DQG GHYHORSPHQW RI QHZ DQWLELRWLFV WKH :+2 SULRULW OLVW RI DQWLELRWLF
UHVLVWDQW EDFWHULD DQG WXEHUFXORVLV 7KH /DQFHW ,QIHFWLRXV 'LVHDVHV

+LUVKRQ -0 5LVNR 1 &DOYHOOR (-% 6WHZDUW GH 5DPLUH] 6 1DUD DQ 0 7KHRGRVLV &
HW DO +HDOWK V VWHPV DQG VHUYLFHV WKH UROH RI DFXWH FDUH %XOOHWLQ RI WKH :RUOG +HDOWK
2UJDQL]DWLRQ

0DJLOO 66 (GZDUGV -5 %DPEHUJ : %HOGDYV =* 'XP DWL * .DLQHU 0 HW DO
0XOWLVWDWH 3RLQW 3UHYDOHQFH 6XUYH RI +HDOWK &DUH– VVRFLDWHG ,QIHFWLRQV 1HZ (QJODQG
-RXUQDO RI 0HGLFLQH

.OHYHQV 50 (GZDUGV -5 5LFKDUGV &/ +RUDQ 7& *D QHV 53 3ROORFN ' HW DO
(VWLPDWLQJ +HDOWK &DUH VVRFLDWHG ,QIHFWLRQV DQG 'HDWKV LQ 8 6 +RVSLWDOV 3XEOLF
+HDOWK 5HSRUWV

(&'& +HDOWKFDUH DVVRFLDWHG LQIHFWLRQV DFTXLUHG LQ LQWHQVLYH FDUH XQLWV 6WRFNKROP



&DVVLQL 3ODFKRXUDV ' (FNPDQQV 7 EX 6LQ 0 %ODQN + 3 'XFRPEOH 7 HW DO
%XUGHQ RI 6L[ +HDOWKFDUH VVRFLDWHG ,QIHFWLRQV RQ (XURSHDQ 3RSXODWLRQ +HDOWK (VWLPDWLQJ
,QFLGHQFH %DVHG 'LVDELOLW GMXVWHG /LIH <HDUV WKURXJK D 3RSXODWLRQ 3UHYDOHQFH %DVHG
0RGHOOLQJ 6WXG 3/26 0HGLFLQH H

6FRWW 5' 7KH GLUHFW PHGLFDO FRVWV RI KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV LQ 8 6 KRVSLWDOV
DQG WKH EHQHILWV RI SUHYHQWLRQ WODQWD 'LYLVLRQ RI +HDOWKFDUH 4XDOLW 3URPRWLRQ 1DWLRQDO
&HQWHU IRU 3UHSDUHGQHVV 'HWHFWLRQ DQG &RQWURO RI ,QIHFWLRXV 'LVHDVHV &RRUGLQDWLQJ &HQWHU
IRU ,QIHFWLRXV 'LVHDVHV

7DFFRQHOOL ( 6PLWK * +LHNH . /DIXPD %DVWLGH 3 (SLGHPLRORJ PHGLFDO
RXWFRPHV DQG FRVWV RI FDWKHWHU UHODWHG EORRGVWUHDP LQIHFWLRQV LQ LQWHQVLYH FDUH XQLWV RI IRXU
(XURSHDQ FRXQWULHV OLWHUDWXUH DQG UHJLVWU EDVHG HVWLPDWHV -RXUQDO RI +RVSLWDO ,QIHFWLRQ

6XUYHLOODQFH GHV LQIHFWLRQV GX VLWH RSpUDWRLUH GDQV OHV pWDEOLVVHPHQWV GH VDQWp IUDQoDLV
5pVXOWDWV 6DLQW 0DXULFH 6DQWp SXEOLTXH )UDQFH

6XUYHLOODQFH GHV LQIHFWLRQV QRVRFRPLDOHV HQ UpDQLPDWLRQ DGXOWH 5pVHDX 5( 5DLVLQ
)UDQFH 5pVXOWDWV 6DLQW 0DXULFH 6DQWp SXEOLTXH )UDQFH

5HFHQW WUHQGV LQ DQWLPLFURELDO UHVLVWDQFH DPRQJ 6WUHSWRFRFFXV SQHXPRQLDH DQG
6WDSK ORFRFFXV DXUHXV LVRODWHV WKH )UHQFK H[SHULHQFH (XURVXUYHLOODQFH

0D KDOO *& +RVSLWDO HSLGHPLRORJ DQG LQIHFWLRQ FRQWURO WK HG 3KLODGHOSKLD
:ROWHUV .OXZHU +HDOWK /LSSLQFRWW :LOOLDPV :LONLQV

+LGURQ , (GZDUGV -5 3DWHO - +RUDQ 7& 6LHYHUW '0 3ROORFN ' HW DO
QWLPLFURELDO 5HVLVWDQW 3DWKRJHQV VVRFLDWHG :LWK +HDOWKFDUH VVRFLDWHG ,QIHFWLRQV
QQXDO 6XPPDU RI 'DWD 5HSRUWHG WR WKH 1DWLRQDO +HDOWKFDUH 6DIHW 1HWZRUN DW WKH &HQWHUV

IRU 'LVHDVH &RQWURO DQG 3UHYHQWLRQ – ,QIHFWLRQ &RQWURO [ +RVSLWDO
(SLGHPLRORJ

:DWNLQV 55 %RQRPR 5 β /DFWDP QWLELRWLFV ,Q &RKHQ - 3RZGHUO :*
2SDO 60 HGLWRUV ,QIHFWLRXV 'LVHDVHV )RXUWK (GLWLRQ (OVHYLHU S H

5ROLQVRQ *1 (YROXWLRQ RI EHWD ODFWDPDVH LQKLELWRUV 5HYLHZV RI LQIHFWLRXV GLVHDVHV
6XSSO 6

Ambler RP. The structure of β ODFWDPDVHV 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R DO
6RFLHW RI /RQGRQ % %LRORJLFDO 6FLHQFHV

3DSS :DOODFH .0 (QGLPLDQL 7DUDFLOD 0 %RQRPR 5 &DUEDSHQHPV 3DVW
3UHVHQW DQG )XWXUH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

%LUQEDXP - .DKDQ )0 .URSS + 0DFGRQDOG -6 &DUEDSHQHPV D QHZ FODVV RI EHWD
ODFWDP DQWLELRWLFV 7KH PHULFDQ -RXUQDO RI 0HGLFLQH

.DKDQ - .DKDQ ) *RHJHOPDQ 5 &XUULH 6 -DFNVRQ 0 6WDSOH ( HW DO EVWUDFWV
;9, ,QWHUVFLHQFH &RQIHUHQFH RQ QWLPLFURELDO JHQWV DQG &KHPRWKHUDS &KLFDJR ,OO



.DKDQ -6 .DKDQ )0 *RHJHOPDQ 5 &XUULH 6 -DFNVRQ 0 6WDSOH (2 HW DO
7KLHQDP FLQ D QHZ EHWD ODFWDP DQWLELRWLF , 'LVFRYHU WD[RQRP LVRODWLRQ DQG SK VLFDO
SURSHUWLHV 7KH -RXUQDO RI DQWLELRWLFV

0HOHWLV * &DUEDSHQHP UHVLVWDQFH RYHUYLHZ RI WKH SUREOHP DQG IXWXUH SHUVSHFWLYHV
7KHUDSHXWLF GYDQFHV LQ ,QIHFWLRXV 'LVHDVH

)DODJDV 0( .DUDJHRUJRSRXORV '( 1RUGPDQQ 3 7KHUDSHXWLF RSWLRQV IRU LQIHFWLRQV
ZLWK (QWHUREDFWHULDFHDH SURGXFLQJ FDUEDSHQHP K GURO ]LQJ HQ] PHV )XWXUH PLFURELRORJ

)DODJDV 0( /RXULGD 3 3RXOLNDNRV 3 5DIDLOLGLV 3, 7DQVDUOL *6 QWLELRWLF 7UHDWPHQW
RI ,QIHFWLRQV 'XH WR &DUEDSHQHP 5HVLVWDQW (QWHUREDFWHULDFHDH 6 VWHPDWLF (YDOXDWLRQ RI WKH
YDLODEOH (YLGHQFH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

5DIDLOLGLV 3, )DODJDV 0( 2SWLRQV IRU WUHDWLQJ FDUEDSHQHP UHVLVWDQW
(QWHUREDFWHULDFHDH &XUU 2SLQ ,QIHFW 'LV

/HH - /HH 6 &DUEDSHQHP 5HVLVWDQFH LQ *UDP QHJDWLYH 3DWKRJHQV (PHUJLQJ 1RQ
PHWDOOR FDUEDSHQHPDVHV 5HVHDUFK -RXUQDO RI 0LFURELRORJ

Queenan AM, Bush K. Carbapenemases: the Versatile β /DFWDPDVHV &OLQLFDO
0LFURELRORJ 5HYLHZV

<DPDPRWR 7 7DQDND 0 1RKDUD & )XNXQDJD < <DPDJLVKL 6 7UDQVSRVLWLRQ RI WKH
R[DFLOOLQ K GURO ]LQJ SHQLFLOOLQDVH JHQH -RXUQDO RI %DFWHULRORJ

<DQJ <- :X 3- /LYHUPRUH '0 %LRFKHPLFDO FKDUDFWHUL]DWLRQ RI D EHWD ODFWDPDVH
WKDW K GURO ]HV SHQHPV DQG FDUEDSHQHPV IURP WZR 6HUUDWLD PDUFHVFHQV LVRODWHV
QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

1DDV 7 9DQGHO / 6RXJDNRII : /LYHUPRUH '0 1RUGPDQQ 3 &ORQLQJ DQG VHTXHQFH
DQDO VLV RI WKH JHQH IRU D FDUEDSHQHP K GURO ]LQJ FODVV EHWD ODFWDPDVH 6PH IURP
6HUUDWLD PDUFHVFHQV 6 QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

2VDQR ( UDNDZD < :DFKDURWD DQNXQ 5 2KWD 0 +RULL 7 ,WR + HW DO 0ROHFXODU
FKDUDFWHUL]DWLRQ RI DQ HQWHUREDFWHULDO PHWDOOR EHWD ODFWDPDVH IRXQG LQ D FOLQLFDO LVRODWH RI
6HUUDWLD PDUFHVFHQV WKDW VKRZV LPLSHQHP UHVLVWDQFH QWLPLFURELDO JHQWV DQG
&KHPRWKHUDS

<RWVXML 0LQDPL 6 ,QRXH 0 0LWVXKDVKL 6 3URSHUWLHV RI QRYHO EHWD ODFWDPDVH
SURGXFHG E %DFWHURLGHV IUDJLOLV QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

0HGHLURV +DUH 5 %HWD ODFWDPDVH PHGLDWHG UHVLVWDQFH WR SHQHPV DQG FDUEDSHQHPV
DPRQJ (QWHUREDFWHULDFHDH >DEVWUDFW WK ,QWHUVFLHQFH &RQIHUHQFH RQ QWLPLFURELDO
JHQWV DQG &KHPRWKHUDS 1HZ 2UOHDQV :DVKLQJWRQ '& PHULFDQ 6RFLHW IRU

0LFURELRORJ

3DWRQ 5 0LOHV 56 +RRG - P HV 6*% 0LOHV 56 Amyes SGB. ARI 1: β ODFWDPDVH
PHGLDWHG LPLSHQHP UHVLVWDQFH LQ FLQHWREDFWHU EDXPDQQLL ,QWHUQDWLRQDO -RXUQDO RI
QWLPLFURELDO JHQWV



'RQDOG +0 6FDLIH : P HV 6*% <RXQJ + . 6HTXHQFH QDO VLV RI 5, D
Novel OXA β /DFWDPDVH 5HVSRQVLEOH IRU ,PLSHQHP 5HVLVWDQFH LQ FLQHWREDFWHU EDXPDQQLL
% QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

1RUGPDQQ 3 0DULRWWH 6 1DDV 7 /DELD 5 1LFRODV 0+ %LRFKHPLFDO SURSHUWLHV RI D
FDUEDSHQHP K GURO ]LQJ EHWD ODFWDPDVH IURP (QWHUREDFWHU FORDFDH DQG FORQLQJ RI WKH JHQH
LQWR (VFKHULFKLD FROL QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

4XHHQDQ 0 7RUUHV 9LHUD & *ROG +6 &DUPHOL < (OLRSRXORV *0 0RHOOHULQJ 5&
HW DO 60( 7 SH &DUEDSHQHP Hydrolyzing Class A β /DFWDPDVHV IURP *HRJUDSKLFDOO
'LYHUVH 6HUUDWLD PDUFHVFHQV 6WUDLQV QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3RLUHO / 1DDV 7 1LFRODV ' &ROOHW / %HOODLV 6 &DYDOOR - ' HW DO &KDUDFWHUL]DWLRQ RI
9,0 D &DUEDSHQHP + GURO ]LQJ 0HWDOOR β /DFWDPDVH DQG ,WV 3ODVPLG DQG ,QWHJURQ
%RUQH *HQH IURP D 3VHXGRPRQDV DHUXJLQRVD &OLQLFDO ,VRODWH LQ )UDQFH QWLPLFURELDO JHQWV
DQG &KHPRWKHUDS

/DXUHWWL / 5LFFLR 0/ 0D]]DULRO &RUQDJOLD * PLFRVDQWH * )RQWDQD 5 HW DO
&ORQLQJ DQG &KDUDFWHUL]DWLRQ RI EOD 9,0 D 1HZ ,QWHJURQ %RUQH 0HWDOOR β /DFWDPDVH *HQH
IURP D 3VHXGRPRQDV DHUXJLQRVD &OLQLFDO ,VRODWH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

<LJLW + 4XHHQDQ 0 QGHUVRQ *- 'RPHQHFK 6DQFKH] %LGGOH -: 6WHZDUG &'
HW DO 1RYHO &DUEDSHQHP Hydrolyzing β /DFWDPDVH .3& IURP D &DUEDSHQHP 5HVLVWDQW
6WUDLQ RI .OHEVLHOOD SQHXPRQLDH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

5LFFLR 0/ )UDQFHVFKLQL 1 %RVFKL / &DUDYHOOL % &RUQDJOLD * )RQWDQD 5 HW DO
&KDUDFWHUL]DWLRQ RI WKH 0HWDOOR β /DFWDPDVH 'HWHUPLQDQW RI FLQHWREDFWHU EDXPDQQLL &

5HYHDOV WKH ([LVWHQFH RI EOD ,03 OOHOLF 9DULDQWV &DUULHG E *HQH &DVVHWWHV RI
'LIIHUHQW 3K ORJHQ QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3RLUHO / /H 7KRPDV , 1DDV 7 .DULP 1RUGPDQQ 3 %LRFKHPLFDO 6HTXHQFH
QDO VHV RI *(6 D 1RYHO &ODVV ([WHQGHG Spectrum β /DFWDPDVH DQG WKH &ODVV

,QWHJURQ ,Q IURP .OHEVLHOOD SQHXPRQLDH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

<LJLW + 4XHHQDQ 0 5DVKHHG -. %LGGOH -: 'RPHQHFK 6DQFKH] OEHUWL 6 HW
DO &DUEDSHQHP 5HVLVWDQW 6WUDLQ RI .OHEVLHOOD R[ WRFD +DUERULQJ &DUEDSHQHP + GURO ]LQJ
β /DFWDPDVH .3& QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

7ROHPDQ 0 6LPP 0 0XUSK 7 *DOHV & %LHGHQEDFK '- -RQHV 51 HW DO
0ROHFXODU FKDUDFWHUL]DWLRQ RI 630 D QRYHO PHWDOOR EHWD ODFWDPDVH LVRODWHG LQ /DWLQ
PHULFD UHSRUW IURP WKH 6(175< DQWLPLFURELDO VXUYHLOODQFH SURJUDPPH 7KH -RXUQDO RI

DQWLPLFURELDO FKHPRWKHUDS

*LDNNRXSL 3 7]RXYHOHNLV /6 7VDNULV /RXNRYD 9 6RILDQRX ' 7]HOHSL ( ,%& D
1RYHO ,QWHJURQ Associated Class A β /DFWDPDVH ZLWK ([WHQGHG 6SHFWUXP 3URSHUWLHV
3URGXFHG E DQ (QWHUREDFWHU FORDFDH &OLQLFDO 6WUDLQ QWLPLFURELDO JHQWV DQG
&KHPRWKHUDS



<DQ - - +VXHK 3 5 .R : & /XK . 7 7VDL 6 + :X + 0 HW DO 0HWDOOR β
/DFWDPDVHV LQ &OLQLFDO 3VHXGRPRQDV ,VRODWHV LQ 7DLZDQ DQG ,GHQWLILFDWLRQ RI 9,0 D 1RYHO
9DULDQW RI WKH 9,0 (Q] PH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3RLUHO / :HOGKDJHQ *) 1DDV 7 'H &KDPSV & 'RYH 0* 1RUGPDQQ 3 *(6 D
Class A β /DFWDPDVH IURP 3VHXGRPRQDV DHUXJLQRVD ZLWK ,QFUHDVHG + GURO VLV RI ,PLSHQHP
QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

:RRGIRUG 1 7LHUQR 30 <RXQJ . 7 VDOO / 3DOHSRX 0 ), :DUG ( HW DO 2XWEUHDN
RI .OHEVLHOOD SQHXPRQLDH 3URGXFLQJ D 1HZ &DUEDSHQHP Hydrolyzing Class A β /DFWDPDVH
.3& LQ D 1HZ <RUN 0HGLFDO &HQWHU QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3RLUHO / +pULWLHU & 7RO Q 9 1RUGPDQQ 3 (PHUJHQFH RI 2[DFLOOLQDVH 0HGLDWHG
5HVLVWDQFH WR ,PLSHQHP LQ .OHEVLHOOD SQHXPRQLDH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

&DVWDQKHLUD 0 7ROHPDQ 0 -RQHV 51 6FKPLGW )- :DOVK 75 0ROHFXODU
Characterization of a β /DFWDPDVH *HQH EOD *,0 (QFRGLQJ D 1HZ 6XEFODVV RI 0HWDOOR β
/DFWDPDVH QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

/HH . <XP -+ <RQJ ' /HH +0 .LP +' 'RFTXLHU - ' HW DO 1RYHO FTXLUHG
0HWDOOR β /DFWDPDVH *HQH EOD 6,0 LQ D &ODVV ,QWHJURQ IURP FLQHWREDFWHU EDXPDQQLL
&OLQLFDO ,VRODWHV IURP .RUHD QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3DOHSRX 0 ), :RRGIRUG 1 +RSH 5 &ROPDQ 0 *ORYHU - .DXIPDQQ 0( HW DO
1RYHO FODVV FDUEDSHQHPDVH .3& LQ DQ (QWHUREDFWHU LVRODWH IURP 6FRWODQG WK
(XURSHDQ &RQJUHVV RI &OLQLFDO 0LFURELRORJ DQG ,QIHFWLRXV 'LVHDVHV (&&0,'
&RSHQKDJHQ 'HQPDUN &OLQLFDO 0LFURELRORJ DQG ,QIHFWLRQ S 6

4XHHQDQ 0 6KDQJ : 6FKUHFNHQEHUJHU 3 /RODQV . %XVK . 4XLQQ - 60( D
1RYHO 0HPEHU RI WKH 6HUUDWLD PDUFHVFHQV 60( )DPLO RI &DUEDSHQHP Hydrolyzing β
/DFWDPDVHV QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

<RQJ ' 7ROHPDQ 0 *LVNH &* &KR +6 6XQGPDQ . /HH . HW DO &KDUDFWHUL]DWLRQ
RI D 1HZ 0HWDOOR β /DFWDPDVH *HQH EOD 1'0 DQG D 1RYHO (U WKURP FLQ (VWHUDVH *HQH
&DUULHG RQ D 8QLTXH *HQHWLF 6WUXFWXUH LQ .OHEVLHOOD SQHXPRQLDH 6HTXHQFH 7 SH IURP
,QGLD QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

3RLUHO / 5RV &DUULFDMR %HUWKHORW 3 3R]]HWWR % %HUQDEHX 6 HW DO ([WUHPHO
'UXJ 5HVLVWDQW &LWUREDFWHU IUHXQGLL ,VRODWH 3URGXFLQJ 1'0 DQG 2WKHU &DUEDSHQHPDVHV
,GHQWLILHG LQ D 3DWLHQW 5HWXUQLQJ IURP ,QGLD QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

(JRZD 5 6DZDL 7 0LWVXKDVKL 6 'UXJ UHVLVWDQFH WR HQWHULF EDFWHULD ;,, 8QLTXH
VXEVWUDWH VSHFLILFLW RI SHQLFLOOLQDVH SURGXFHG E 5 IDFWRU -SQ - 0LFURELRO

/HH 6+ -HRQJ 6+ 1RPHQFODWXUH RI *(6 7 SH ([WHQGHG Spectrum β /DFWDPDVHV
QWLPLFURELDO JHQWV DQG &KHPRWKHUDS

'RL < 3DWHUVRQ '/ &DUEDSHQHPDVH 3URGXFLQJ (QWHUREDFWHULDFHDH 6HPLQDUV LQ
UHVSLUDWRU DQG FULWLFDO FDUH PHGLFLQH



/XGGHQ & 5HXWHU 6 -XGJH . *RXOLRXULV 7 %ODQH % &ROO ) HW DO 6KDULQJ RI
FDUEDSHQHPDVH HQFRGLQJ SODVPLGV EHWZHHQ (QWHUREDFWHULDFHDH LQ 8. VHZDJH XQFRYHUHG E
0LQ,21 VHTXHQFLQJ 0LFURELDO *HQRPLFV H

(&'& 5LVN DVVHVVPHQW RQ WKH VSUHDG RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH &3( WKURXJK SDWLHQW WUDQVIHU EHWZHHQ KHDOWKFDUH IDFLOLWLHV ZLWK VSHFLDO
HPSKDVLV RQ FURVV ERUGHU WUDQVIHU 6WRFNKROP

YDQ 'XLQ ' 'RL < 7KH JOREDO HSLGHPLRORJ RI FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH 9LUXOHQFH

0XQR] 3ULFH /6 3RLUHO / %RQRPR 5 6FKZDEHU 0- 'DLNRV */ &RUPLFDQ 0 HW DO
&OLQLFDO HSLGHPLRORJ RI WKH JOREDO H[SDQVLRQ RI .OHEVLHOOD SQHXPRQLDH FDUEDSHQHPDVHV 7KH
/DQFHW ,QIHFWLRXV GLVHDVHV

'RUWHW / 3RLUHO / 1RUGPDQQ 3 :RUOGZLGH 'LVVHPLQDWLRQ RI WKH 1'0 7 SH
&DUEDSHQHPDVHV LQ *UDP 1HJDWLYH %DFWHULD %LR0HG 5HVHDUFK ,QWHUQDWLRQDO

%HQRXGD 7RX]DQL 2 .KDLUDOODK 07 UDM *) 0DWDU *0 )LUVW GHWHFWLRQ RI
R[DFLOOLQDVH PHGLDWHG UHVLVWDQFH WR FDUEDSHQHPV LQ .OHEVLHOOD SQHXPRQLDH IURP 0RURFFR
QQDOV RI WURSLFDO PHGLFLQH DQG SDUDVLWRORJ

/HYDVW 0 3RLUHO / &DUUsU 'HLEHU 0 'HFURLVHWWH ( 0DOODYDO ) 2 HW DO 7UDQVIHU
RI 2; SRVLWLYH FDUEDSHQHP UHVLVWDQW .OHEVLHOOD SQHXPRQLDH IURP 7XUNH WR )UDQFH
-RXUQDO RI QWLPLFURELDO &KHPRWKHUDS

0DLUL 3DQWHO 6RWWR /DYLJQH - 3 7RXDWL 2; OLNH FDUEDSHQHPDVHV
SURGXFLQJ (QWHUREDFWHULDFHDH LQ GLIIHUHQW QLFKHV (XURSHDQ -RXUQDO RI &OLQLFDO 0LFURELRORJ
,QIHFWLRXV 'LVHDVHV

(&'& 5DSLG ULVN DVVHVVPHQW &DUEDSHQHP UHVLVWDQW (QWHUREDFWHULDFHDH 6WRFNKROP
SULO

(&'& 6XUYHLOODQFH RI DQWLPLFURELDO UHVLVWDQFH LQ (XURSH QQXDO 5HSRUW RI WKH
(XURSHDQ QWLPLFURELDO 5HVLVWDQFH 6XUYHLOODQFH 1HWZRUN ( 56 1HW 6WRFNKROP

Grundmann H, Glasner C, Albiger B, Aanensen DM, Tomlinson CT, Andrasević AT, 
HW DO 2FFXUUHQFH RI FDUEDSHQHPDVH SURGXFLQJ .OHEVLHOOD SQHXPRQLDH DQG (VFKHULFKLD FROL LQ
WKH (XURSHDQ VXUYH RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH (X6& 3( D
SURVSHFWLYH PXOWLQDWLRQDO VWXG 7KH /DQFHW ,QIHFWLRXV 'LVHDVHV

5REHUW - 3DQWHO 0pUHQV /DYLJQH - 3 1LFRODV &KDQRLQH 0 + RQ EHKDOI RI
2V&56* ,QFLGHQFH UDWHV RI FDUEDSHQHPDVH SURGXFLQJ (QWHUREDFWHULDFHDH FOLQLFDO LVRODWHV LQ
)UDQFH D SURVSHFWLYH QDWLRQZLGH VWXG LQ – -RXUQDO RI QWLPLFURELDO &KHPRWKHUDS

(QWpUREDFWpULHV SURGXFWULFHV GH FDUEDSpQqPDVHV (3& 6DLQW 0DXULFH 6DQWp 3XEOLTXH
)UDQFH >XSGDWHG 0DUFK YDLODEOH IURP KWWS LQYV VDQWHSXEOLTXHIUDQFH IU 'RVVLHUV
WKHPDWLTXHV 0DODGLHV LQIHFWLHXVHV ,QIHFWLRQV DVVRFLHHV DX[ VRLQV 6XUYHLOODQFH GHV
LQIHFWLRQV DVVRFLHHV DX[ VRLQV , 6 (QWHUREDFWHULHV SURGXFWULFHV GH FDUEDSHQHPDVHV (3&



.DVVLV &KLNKDQL 1 'HFUp ' *DXWLHU 9 %XUJKRIIHU % 6DOLED ) 0DWKLHX ' HW DO
)LUVW RXWEUHDN RI PXOWLGUXJ UHVLVWDQW .OHEVLHOOD SQHXPRQLDH FDUU LQJ EOD9,0 DQG EOD6+9
LQ D )UHQFK XQLYHUVLW KRVSLWDO -RXUQDO RI QWLPLFURELDO &KHPRWKHUDS

.DVVLV &KLNKDQL 1 6DOLED ) &DUERQQH 1HXYLOOH 6 'HFUH ' 6HQJHOLQ & HW DO
([WHQGHG PHDVXUHV IRU FRQWUROOLQJ DQ RXWEUHDN RI 9,0 SURGXFLQJ LPLSHQHP UHVLVWDQW
.OHEVLHOOD SQHXPRQLDH LQ D OLYHU WUDQVSODQW FHQWUH LQ )UDQFH – (XURVXUYHLOODQFH

eSLVRGHV LPSOLTXDQW GHV (3& HQ )UDQFH %LODQ pSLGpPLRORJLTXH QDWLRQDO DX
GpFHPEUH )UDQFH 6DLQW 0DXULFH 6DQWp SXEOLTXH )UDQFH

(SLVRGHV LPSOLTXDQW GHV HQWpUREDFWpULHV SURGXFWULFHV GH FDUEDSpQqPDVHV 6LWXDWLRQ
pSLGpPLRORJLTXH GX RFWREUH 6DLQW 0DXULFH 6DQWp 3XEOLTXH )UDQFH >XSGDWHG
2FWREHU YDLODEOH IURP KWWS LQYV VDQWHSXEOLTXHIUDQFH IU 'RVVLHUV
WKHPDWLTXHV 0DODGLHV LQIHFWLHXVHV ,QIHFWLRQV DVVRFLHHV DX[ VRLQV 6XUYHLOODQFH GHV
LQIHFWLRQV DVVRFLHHV DX[ VRLQV , 6 (QWHUREDFWHULHV SURGXFWULFHV GH FDUEDSHQHPDVHV
(3& (SLVRGHV LPSOLTXDQW GHV HQWHUREDFWHULHV SURGXFWULFHV GH FDUEDSHQHPDVHV 6LWXDWLRQ
HSLGHPLRORJLTXH GX RFWREUH

1DDV 7 &X]RQ * %DELFV )RUWLQHDX 1 %R WFKHY , *D UDO ) HW DO (QGRVFRS
DVVRFLDWHG WUDQVPLVVLRQ RI FDUEDSHQHP UHVLVWDQW .OHEVLHOOD SQHXPRQLDH SURGXFLQJ .3& 2 β
ODFWDPDVH -RXUQDO RI QWLPLFURELDO &KHPRWKHUDS

&X]RQ * 2XDQLFK - *RQGUHW 5 1DDV 7 1RUGPDQQ 3 2XWEUHDN RI 2; 3RVLWLYH
&DUEDSHQHP 5HVLVWDQW .OHEVLHOOD SQHXPRQLDH ,VRODWHV LQ )UDQFH QWLPLFURE JHQWV
&KHPRWKHU

'HFUH ' %LUJDQG * *HQHVWH ' 0DXU ( 3HWLW -& %DUEXW ) HW DO 3RVVLEOH
LPSRUWDWLRQ DQG VXEVHTXHQW FURVV WUDQVPLVVLRQ RI 2; SURGXFLQJ .OHEVLHOOD SQHXPRQLDH
)UDQFH (XURVXUYHLOODQFH

1DDV 7 1RUGPDQQ 3 9HGHO * 3R DUW & 3ODVPLG 0HGLDWHG &DUEDSHQHP + GURO ]LQJ
β /DFWDPDVH .3& LQ D .OHEVLHOOD SQHXPRQLDH ,VRODWH IURP )UDQFH QWLPLFURE JHQWV
&KHPRWKHU S

.DVVLV &KLNKDQL 1 'HFUp ' ,FKDL 3 6HQJHOLQ & *HQHVWH ' 0LKDLOD / HW DO
2XWEUHDN RI .OHEVLHOOD SQHXPRQLDH SURGXFLQJ .3& DQG 6+9 LQ D )UHQFK KRVSLWDO
-RXUQDO RI QWLPLFURELDO &KHPRWKHUDS

/HSHOOHWLHU ' %HUWKHORW 3 /XFHW -& )RXUQLHU 6 -DUOLHU 9 *UDQGEDVWLHQ % )UHQFK
UHFRPPHQGDWLRQV IRU WKH SUHYHQWLRQ RI HPHUJLQJ H[WHQVLYHO GUXJ UHVLVWDQW EDFWHULD H;'5
FURVV WUDQVPLVVLRQ 7KH -RXUQDO RI KRVSLWDO LQIHFWLRQ

'RUWHW / &X]RQ * 3RQWLHV 9 1RUGPDQQ 3 7UHQGV LQ FDUEDSHQHPDVH SURGXFLQJ
(QWHUREDFWHULDFHDH )UDQFH WR (XURVXUYHLOODQFH

+ROPDQ 0 eWXGH pSLGpPLRORJLTXH GHV HQWpUREDFWpULHV SURGXFWULFHV GH
FDUEDSpQqPDVH j /D 5pXQLRQ GH j 0pGHFLQH KXPDLQH HW SDWKRORJLH



2WWHU - <H]OL 6 )UHQFK */ 7KH 5ROH 3OD HG E &RQWDPLQDWHG 6XUIDFHV LQ WKH
7UDQVPLVVLRQ RI 1RVRFRPLDO 3DWKRJHQV ,QIHFWLRQ &RQWURO +RVSLWDO (SLGHPLRORJ

&DWWXWR & 9DQ GHQ %URHFN : %DUUDW &ROL]]D 9 3LQWRQ - 9HVSLJQDQL ' QDPLFV
RI SHUVRQ WR SHUVRQ LQWHUDFWLRQV IURP GLVWULEXWHG 5),' VHQVRU QHWZRUNV 3ORV 2QH

0RVVRQJ - +HQV 1 -LW 0 %HXWHOV 3 XUDQHQ . 0LNRODMF] N 5 HW DO 6RFLDO
&RQWDFWV DQG 0L[LQJ 3DWWHUQV 5HOHYDQW WR WKH 6SUHDG RI ,QIHFWLRXV 'LVHDVHV 3/26 0HGLFLQH

H

'XYDO 2EDGLD 7 0DUWLQHW / %RsOOH 3 < )OHXU ( *XLOOHPRW ' HW DO 0HDVXULQJ
G QDPLF VRFLDO FRQWDFWV LQ D UHKDELOLWDWLRQ KRVSLWDO HIIHFW RI ZDUGV SDWLHQW DQG VWDII
FKDUDFWHULVWLFV 6FLHQWLILF 5HSRUWV

&LFFROLQL 0 'RQNHU 7 .RFN 5 0LHONH 0 +HQGUL[ 5 -XUNH HW DO ,QIHFWLRQ
SUHYHQWLRQ LQ D FRQQHFWHG ZRUOG WKH FDVH IRU D UHJLRQDO DSSURDFK ,QWHUQDWLRQDO -RXUQDO RI
0HGLFDO 0LFURELRORJ

.H : +XDQJ 66 +XGVRQ /2 (ONLQV .5 1JX HQ && 6SUDWW %* HW DO 3DWLHQW
VKDULQJ DQG SRSXODWLRQ JHQHWLF VWUXFWXUH RI PHWKLFLOOLQ UHVLVWDQW 6WDSK ORFRFFXV DXUHXV
3URFHHGLQJV RI WKH 1DWLRQDO FDGHP RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI PHULFD

2SDWRZVNL / *XLOOHPRW ' %RHOOH 3 7HPLPH / &RQWULEXWLRQ RI PDWKHPDWLFDO
PRGHOLQJ WR WKH ILJKW DJDLQVW EDFWHULDO DQWLELRWLF UHVLVWDQFH &XUUHQW 2SLQLRQ LQ ,QIHFWLRXV
'LVHDVHV

%RQWHQ 0 XVWLQ ' /LSVLWFK 0 8QGHUVWDQGLQJ WKH VSUHDG RI DQWLELRWLF UHVLVWDQW
SDWKRJHQV LQ KRVSLWDOV PDWKHPDWLFDO PRGHOV DV WRROV IRU FRQWURO &OLQLFDO ,QIHFWLRXV 'LVHDVHV

*UXQGPDQQ + +HOOULHJHO % 0DWKHPDWLFDO PRGHOOLQJ D WRRO IRU KRVSLWDO LQIHFWLRQ
FRQWURO /DQFHW ,QIHFWLRXV 'LVHDVHV

YDQ .OHHI ( 5RERWKDP - -LW 0 'HHQ 6 (GPXQGV : 0RGHOOLQJ WKH WUDQVPLVVLRQ RI
KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV D V VWHPDWLF UHYLHZ %0& ,QIHFWLRXV 'LVHDVHV

XVWLQ '- QGHUVRQ 50 6WXGLHV RI DQWLELRWLF UHVLVWDQFH ZLWKLQ WKH SDWLHQW KRVSLWDOV
DQG WKH FRPPXQLW XVLQJ VLPSOH PDWKHPDWLFDO PRGHOV 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH
5R DO 6RFLHW % %LRORJLFDO 6FLHQFHV

6DODWKp 0 %HQJWVVRQ / %RGQDU 7 %UHZHU ' %URZQVWHLQ - %XFNHH & HW DO 'LJLWDO
(SLGHPLRORJ 3ORV &RPSXWDWLRQDO %LRORJ

6DODWKp 0 'LJLWDO HSLGHPLRORJ ZKDW LV LW DQG ZKHUH LV LW JRLQJ /LIH 6FLHQFHV
6RFLHW DQG 3ROLF

&RRSHU % 0HGOH * 6FRWW * 3UHOLPLQDU DQDO VLV RI WKH WUDQVPLVVLRQ G QDPLFV RI
QRVRFRPLDO LQIHFWLRQV VWRFKDVWLF DQG PDQDJHPHQW HIIHFWV -RXUQDO RI +RVSLWDO ,QIHFWLRQ



XVWLQ ' %RQWHQ 0 :HLQVWHLQ 5 6ODXJKWHU 6 QGHUVRQ 5 9DQFRP FLQ UHVLVWDQW
HQWHURFRFFL LQ LQWHQVLYH FDUH KRVSLWDO VHWWLQJV 7UDQVPLVVLRQ G QDPLFV SHUVLVWHQFH DQG WKH
LPSDFW RI LQIHFWLRQ FRQWURO SURJUDPV 3URFHHGLQJV RI WKH 1DWLRQDO FDGHP RI 6FLHQFHV RI WKH
8QLWHG 6WDWHV RI PHULFD

GH &HOOHV 0 6DORPRQ - 0DULQLHU /DZUHQFH & *DLOODUG - +HUUPDQQ - HW DO
,GHQWLI LQJ 0RUH (SLGHPLF &ORQHV GXULQJ D +RVSLWDO 2XWEUHDN RI 0XOWLGUXJ 5HVLVWDQW
FLQHWREDFWHU EDXPDQQLL 3ORV 2QH

+HWHP ' %RRWVPD 0 7URHOVWUD %RQWHQ 0 7UDQVPLVVLELOLW RI /LYHVWRFN
DVVRFLDWHG 0HWKLFLOOLQ 5HVLVWDQW 6WDSK ORFRFFXV DXUHXV (PHUJLQJ ,QIHFWLRXV 'LVHDVHV

6DODWKp 0 .D]DQGMLHYD 0 /HH - /HYLV 3 )HOGPDQ 0 -RQHV - KLJK UHVROXWLRQ
KXPDQ FRQWDFW QHWZRUN IRU LQIHFWLRXV GLVHDVH WUDQVPLVVLRQ 3URFHHGLQJV RI WKH 1DWLRQDO
FDGHP RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI PHULFD

/LOMHURV ) (GOLQJ & PDUDO / 6WDQOH + EHUJ < 7KH ZHE RI KXPDQ VH[XDO
FRQWDFWV 1DWXUH

-RQHV - +DQGFRFN 0 6H[XDO FRQWDFWV DQG HSLGHPLF WKUHVKROGV 1DWXUH

0H HUV / 1HZPDQ 0(- 0DUWLQ 0 6FKUDJ 6 SSO LQJ QHWZRUN WKHRU WR
HSLGHPLFV FRQWURO PHDVXUHV IRU FRSOD PD SQ PRQLD RXWEUHDNV (PHUJLQJ ,QIHFWLRXV
'LVHDVHV

0H HUV / 3RXUERKORXO % 1HZPDQ 0 6NRZURQVNL ' %UXQKDP 5 1HWZRUN WKHRU
DQG 6 56 SUHGLFWLQJ RXWEUHDN GLYHUVLW -RXUQDO RI 7KHRUHWLFDO %LRORJ

,VHOOD / 5RPDQR 0 %DUUDW &DWWXWR & &ROL]]D 9 9DQ GHQ %URHFN : HW DO &ORVH
HQFRXQWHUV LQ D SHGLDWULF ZDUG PHDVXULQJ IDFH WR IDFH SUR[LPLW DQG PL[LQJ SDWWHUQV ZLWK
ZHDUDEOH VHQVRUV 3ORV 2QH

+XDQJ 6 YHU 7 6RQJ < (ONLQV . 1JX HQ & 1XWWHU 6 HW DO 4XDQWLI LQJ
LQWHUKRVSLWDO SDWLHQW VKDULQJ DV D PHFKDQLVP IRU LQIHFWLRXV GLVHDVH VSUHDG ,QIHFWLRQ &RQWURO
DQG +RVSLWDO (SLGHPLRORJ

YLW]RXU 0 KDURQVRQ 'DQLHO / 3HOHJ . 6HFRQGDU WUDQVIHU RI WUDXPD SDWLHQWV
UDWLRQDOH DQG FKDUDFWHULVWLFV 7KH ,VUDHO 0HGLFDO VVRFLDWLRQ MRXUQDO ,0 -

.XOVKUHVWKD 6LQJK - ,QWHU KRVSLWDO DQG LQWUD KRVSLWDO SDWLHQW WUDQVIHU 5HFHQW
FRQFHSWV ,QGLDQ -RXUQDO RI QDHVWKHVLD

,ZDVK QD 7- &KULVWLH -' 0RRG - .DKQ -0 VFK ' 7KH VWUXFWXUH RI FULWLFDO FDUH
WUDQVIHU QHWZRUNV 0HGLFDO FDUH

,ZDVK QD 7- 7KH LQFRPSOHWH LQIUDVWUXFWXUH IRU LQWHUKRVSLWDO SDWLHQW WUDQVIHU &ULWLFDO
&DUH 0HGLFLQH



1XHPL * IRQVR ) 5RXVVRW %LOODUG / &RWWHQHW - &RPELHU ( HW DO &ODVVLILFDWLRQ
RI KRVSLWDO SDWKZD V LQ WKH PDQDJHPHQW RI FDQFHU DSSOLFDWLRQ WR OXQJ FDQFHU LQ WKH UHJLRQ RI
EXUJXQG &DQFHU HSLGHPLRORJ

/L &RUQHOLXV 63 /LX << :DQJ / %DUDEiVL / 7KH IXQGDPHQWDO DGYDQWDJHV RI
WHPSRUDO QHWZRUNV 6FLHQFH

%DUWKpOHP 0 6SDWLDO QHWZRUNV 3K VLFV 5HSRUWV –

1HZPDQ 0 7KH 6WUXFWXUH DQG )XQFWLRQ RI &RPSOH[ 1HWZRUNV 6, 0 5HYLHZ

'LMNVWUD (: QRWH RQ WZR SUREOHPV LQ FRQQH[LRQ ZLWK JUDSKV 1XPHU 0DWK

1HZPDQ 0(- 7KH VSUHDG RI HSLGHPLF GLVHDVH RQ QHWZRUNV

.HHOLQJ 0- 7KH HIIHFWV RI ORFDO VSDWLDO VWUXFWXUH RQ HSLGHPLRORJLFDO LQYDVLRQV
3URFHHGLQJV RI WKH 5R DO 6RFLHW % %LRORJLFDO 6FLHQFHV

.HHOLQJ 0- (DPHV .7 1HWZRUNV DQG HSLGHPLF PRGHOV - 5 6RF ,QWHUIDFH S

6DWWHQVSLHO / 6LPRQ &3 7KH VSUHDG DQG SHUVLVWHQFH RI LQIHFWLRXV GLVHDVHV LQ
VWUXFWXUHG SRSXODWLRQV 0DWKHPDWLFDO %LRVFLHQFHV

/RQJLQL ,0 PDWKHPDWLFDO PRGHO IRU SUHGLFWLQJ WKH JHRJUDSKLF VSUHDG RI QHZ
LQIHFWLRXV DJHQWV 0DWKHPDWLFDO %LRVFLHQFHV

.UHW]VFKPDU 0 0RUULV 0 0HDVXUHV RI FRQFXUUHQF LQ QHWZRUNV DQG WKH VSUHDG RI
LQIHFWLRXV GLVHDVH 0DWKHPDWLFDO %LRVFLHQFHV

%DOO ) 0ROOLVRQ ' 6FDOLD 7RPED * (SLGHPLFV ZLWK WZR OHYHOV RI PL[LQJ QQ SSO
3UREDE

5LOH 6 )UDVHU & 'RQQHOO & *KDQL & EX 5DGGDG /- +HGOH - HW DO
7UDQVPLVVLRQ ' QDPLFV RI WKH (WLRORJLFDO JHQW RI 6 56 LQ +RQJ .RQJ ,PSDFW RI 3XEOLF
+HDOWK ,QWHUYHQWLRQV 6FLHQFH

6FKDHIOHU 6 -RQHV ' 3HUU : %DUDGHW 7 0D U ( 5DPSHUVDG & 0HWKLFLOOLQ UHVLVWDQW
6WDSK ORFRFFXV DXUHXV VWUDLQV LQ 1HZ <RUN &LW KRVSLWDOV LQWHU KRVSLWDO VSUHDG RI UHVLVWDQW
VWUDLQV RI W SH -RXUQDO RI FOLQLFDO PLFURELRORJ

1LFROOH /( ' FN % 7KRPSVRQ * 5RPDQ 6 .DEDQL 3ORXUGH 3 HW DO 5HJLRQDO
'LVVHPLQDWLRQ DQG &RQWURO RI (SLGHPLF 0HWKLFLOOLQ 5HVLVWDQW 6WDSK ORFRFFXV DXUHXV
,QIHFWLRQ &RQWURO +RVSLWDO (SLGHPLRORJ

7ULFN :( .XHKQHUW 0- 4XLUN 6% UGXLQR 0- JXHUR 60 &DUVRQ / HW DO
5HJLRQDO 'LVVHPLQDWLRQ RI 9DQFRP FLQ 5HVLVWDQW (QWHURFRFFL 5HVXOWLQJ IURP ,QWHUIDFLOLW
7UDQVIHU RI &RORQL]HG 3DWLHQWV 7KH -RXUQDO RI ,QIHFWLRXV 'LVHDVHV



2VWURZVN %( 7ULFN :( 6RKQ + 4XLUN 6% +ROW 6 &DUVRQ / HW DO &RQWURO
RI 9DQFRP FLQ 5HVLVWDQW (QWHURFRFFXV LQ +HDOWK &DUH )DFLOLWLHV LQ D 5HJLRQ 1HZ (QJODQG
-RXUQDO RI 0HGLFLQH

0DQLNDO 90 /DQGPDQ ' 6DXULQD * 2 GQD ( /DO + 4XDOH - (QGHPLF
&DUEDSHQHP 5HVLVWDQW FLQHWREDFWHU 6SHFLHV LQ %URRNO Q 1HZ <RUN &LW ZLGH 3UHYDOHQFH
,QWHULQVWLWXWLRQDO 6SUHDG DQG 5HODWLRQ WR QWLELRWLF 8VDJH &OLQLFDO ,QIHFWLRXV 'LVHDVHV

6PLWK '/ 'XVKRII - 3HUHQFHYLFK (1 +DUULV ' /HYLQ 6 3HUVLVWHQW FRORQL]DWLRQ
DQG WKH VSUHDG RI DQWLELRWLF UHVLVWDQFH LQ QRVRFRPLDO SDWKRJHQV UHVLVWDQFH LV D UHJLRQDO
SUREOHP 3URFHHGLQJV RI WKH 1DWLRQDO FDGHP RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI PHULFD

6RKQ + 2VWURZVN %( 6LQNRZLW] &RFKUDQ 5/ 4XLUN 6% -DUYLV :5 (YDOXDWLRQ RI
D VXFFHVVIXO YDQFRP FLQ UHVLVWDQW (QWHURFRFFXV SUHYHQWLRQ LQWHUYHQWLRQ LQ D FRPPXQLW RI
KHDOWK FDUH IDFLOLWLHV PHULFDQ -RXUQDO RI ,QIHFWLRQ &RQWURO

9ULHQV 0 %ORN + )OXLW 7URHOVWUD YDQ GHU :HUNHQ & 9HUKRHI - &RVWV
VVRFLDWHG ZLWK D 6WULFW 3ROLF WR (UDGLFDWH 0HWKLFLOOLQ 5HVLVWDQW 6WDSK ORFRFFXV DXUHXV LQ D

'XWFK 8QLYHUVLW 0HGLFDO &HQWHU <HDU 6XUYH (XURSHDQ -RXUQDO RI &OLQLFDO
0LFURELRORJ DQG ,QIHFWLRXV 'LVHDVHV

/HH %< 0F*ORQH 60 6RQJ < YHU 75 (XEDQN 6 &KDQJ & & HW DO 6RFLDO
1HWZRUN QDO VLV RI 3DWLHQW 6KDULQJ PRQJ +RVSLWDOV LQ 2UDQJH &RXQW &DOLIRUQLD
PHULFDQ -RXUQDO RI 3XEOLF +HDOWK

/HH %< :RQJ .) %DUWVFK 60 <LOPD] 6/ YHU 75 %URZQ 67 HW DO 7KH
5HJLRQDO +HDOWKFDUH (FRV VWHP QDO VW 5+( D VLPXODWLRQ PRGHOLQJ WRRO WR DVVLVW
LQIHFWLRXV GLVHDVH FRQWURO LQ D KHDOWK V VWHP -RXUQDO RI WKH PHULFDQ 0HGLFDO ,QIRUPDWLFV
VVRFLDWLRQ ( ( (

/HH %< 6LQJK %DUWVFK 60 :RQJ .) .LP '6 YHU 75 HW DO 7KH SRWHQWLDO
UHJLRQDO LPSDFW RI FRQWDFW SUHFDXWLRQ XVH LQ QXUVLQJ KRPHV WR FRQWURO PHWKLFLOOLQ UHVLVWDQW
WDSK ORFRFF D ,QIHFWLRQ &RQWURO DQG +RVSLWDO (SLGHPLRORJ

/HH %< %DUWVFK 60 :RQJ .) 0F.LQQHOO - 6OD WRQ 5% 0LOOHU /* HW DO 7KH
SRWHQWLDO WUDMHFWRU RI FDUEDSHQHP UHVLVWDQW (QW REDFW LDF D DQ HPHUJLQJ WKUHDW WR KHDOWK
FDUH IDFLOLWLHV DQG WKH LPSDFW RI WKH FHQWHUV IRU GLVHDVH FRQWURO DQG SUHYHQWLRQ WRRONLW
PHULFDQ -RXUQDO RI (SLGHPLRORJ

%DUWVFK 60 +XDQJ 66 :RQJ .) YHU 75 /HH %< 7KH VSUHDG DQG FRQWURO RI
QRURYLUXV RXWEUHDNV DPRQJ KRVSLWDOV LQ D UHJLRQ D VLPXODWLRQ PRGHO 2SHQ )RUXP ,QIHFWLRXV
'LVHDVHV

/HH %< <LOPD] 6/ :RQJ .) %DUWVFK 60 (XEDQN 6 6RQJ < HW DO 0RGHOLQJ WKH
UHJLRQDO VSUHDG DQG FRQWURO RI YDQFRP FLQ UHVLVWDQW HQWHURFRFFL PHULFDQ -RXUQDO RI
,QIHFWLRQ &RQWURO

&LFFROLQL 0 'RQNHU 7 *UXQGPDQQ + %RQWHQ 0-0 :RROKRXVH 0(- (IILFLHQW
VXUYHLOODQFH IRU KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV VSUHDGLQJ EHWZHHQ KRVSLWDOV 3URFHHGLQJV RI
WKH 1DWLRQDO FDGHP RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI PHULFD



6OD WRQ 5% 7RWK ' /HH %< 7DQQHU : %DUWVFK 60 .KDGHU . HW DO 9LWDO 6LJQV
HVWLPDWHG HIIHFWV RI D FRRUGLQDWHG DSSURDFK IRU DFWLRQ WR UHGXFH DQWLELRWLF UHVLVWDQW LQIHFWLRQV
LQ KHDOWK FDUH IDFLOLWLHV 8QLWHG 6WDWHV 0RUELGLW DQG 0RUWDOLW :HHNO 5HSRUW

5RERWKDP -9 'HHQ 65 )XOOHU & +RSNLQV 6 &RRNVRQ % 6WRQH 6 &RVW
HIIHFWLYHQHVV RI QDWLRQDO PDQGDWRU VFUHHQLQJ RI DOO DGPLVVLRQV WR (QJOLVK 1DWLRQDO +HDOWK
6HUYLFH KRVSLWDOV IRU PHWKLFLOOLQ UHVLVWDQW WDSK ORFRFF D D PDWKHPDWLFDO PRGHOOLQJ
VWXG /DQFHW ,QIHFWLRXV 'LVHDVHV

/HVRVN 0 0F*HHU 6LPRU *UHHQ . /RZ '( 5DERXG - (IIHFW RI SDWWHUQV RI
WUDQVIHUULQJ SDWLHQWV DPRQJ KHDOWKFDUH LQVWLWXWLRQV RQ UDWHV RI QRVRFRPLDO PHWKLFLOOLQ UHVLVWDQW
WDSK ORFRFF D WUDQVPLVVLRQ D 0RQWH &DUOR VLPXODWLRQ ,QIHFWLRQ &RQWURO DQG
+RVSLWDO (SLGHPLRORJ

/HH %< %DUWVFK 60 :RQJ .) 6LQJK YHU 75 .LP '6 HW DO 7KH LPSRUWDQFH
RI QXUVLQJ KRPHV LQ WKH VSUHDG RI PHWKLFLOOLQ UHVLVWDQW WDSK ORFRFF D 056 DPRQJ
KRVSLWDOV 0HGLFDO &DUH

/HH %< %DUWVFK 60 :RQJ .) <LOPD] 6/ YHU 75 6LQJK HW DO 6LPXODWLRQ
VKRZV KRVSLWDOV WKDW FRRSHUDWH RQ LQIHFWLRQ FRQWURO REWDLQ EHWWHU UHVXOWV WKDQ KRVSLWDOV DFWLQJ
DORQH +HDOWK IIDLUV

/HH %< 0F*ORQH 60 :RQJ .) <LOPD] 6/ YHU 75 6RQJ < HW DO 0RGHOLQJ WKH
VSUHDG RI PHWKLFLOOLQ UHVLVWDQW WDSK ORFRFF D 056 RXWEUHDNV WKURXJKRXW WKH
KRVSLWDOV LQ 2UDQJH &RXQW &DOLIRUQLD ,QIHFWLRQ &RQWURO DQG +RVSLWDO (SLGHPLRORJ

.DUNDGD 8+ GDPLF / .DKQ -0 ,ZDVK QD 7- /LPLWLQJ WKH VSUHDG RI KLJKO
UHVLVWDQW KRVSLWDO DFTXLUHG PLFURRUJDQLVPV YLD FULWLFDO FDUH WUDQVIHUV D VLPXODWLRQ VWXG
,QWHQVLYH &DUH 0HGLFLQH

3ROJUHHQ 30 7DVVLHU 7/ 3HPPDUDMX 69 6HJUH 0 3ULRULWL]LQJ KHDOWKFDUH ZRUNHU
YDFFLQDWLRQV RQ WKH EDVLV RI VRFLDO QHWZRUN DQDO VLV ,QIHFWLRQ &RQWURO DQG +RVSLWDO
(SLGHPLRORJ

&XVXPDQR 7RZQHU 0 /L '< 7XR 66 .ULVKQDQ * 0DVORYH '0 VRFLDO QHWZRUN RI
KRVSLWDO DFTXLUHG LQIHFWLRQ EXLOW IURP HOHFWURQLF PHGLFDO UHFRUG GDWD -RXUQDO RI WKH PHULFDQ
0HGLFDO ,QIRUPDWLFV VVRFLDWLRQ

+RUQEHFN 7 1D ORU ' 6HJUH 0 7KRPDV * +HUPDQ 7 3ROJUHHQ 30 8VLQJ VHQVRU
QHWZRUNV WR VWXG WKH HIIHFW RI SHULSDWHWLF KHDOWKFDUH ZRUNHUV RQ WKH VSUHDG RI KRVSLWDO
DVVRFLDWHG LQIHFWLRQV -RXUQDO RI ,QIHFWLRXV 'LVHDVHV

8HQR 7 0DVXGD 1 &RQWUROOLQJ QRVRFRPLDO LQIHFWLRQ EDVHG RQ VWUXFWXUH RI KRVSLWDO
VRFLDO QHWZRUNV -RXUQDO RI 7KHRUHWLFDO %LRORJ

%DUQHV 6 *ROGHQ % :DVLO ( HGLWRUV G QDPLF SDWLHQW QHWZRUN PRGHO RI KRVSLWDO
DFTXLUHG LQIHFWLRQV :LQWHU 6LPXODWLRQ &RQIHUHQFH 'HF %DOWLPRUH 0'
1HZ <RUN ,(((



)HUUHU - 6DOPRQ 0 7HPLPH / 1RVROLQN DQ DJHQW EDVHG DSSURDFK WR OLQN SDWLHQW
IORZV DQG VWDII RUJDQL]DWLRQ ZLWK WKH FLUFXODWLRQ RI QRVRFRPLDO SDWKRJHQV LQ DQ LQWHQVLYH FDUH
XQLW ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO 6FLHQFH

'RQNHU 7 :DOOLQJD - 6ODFN 5 *UXQGPDQQ + +RVSLWDO QHWZRUNV DQG WKH GLVSHUVDO RI
KRVSLWDO DFTXLUHG SDWKRJHQV E SDWLHQW WUDQVIHU 3ORV 2QH

6LPPHULQJ -( 3ROJUHHQ / &DPSEHOO '5 &DYDQDXJK -( 3ROJUHHQ 30 +RVSLWDO
7UDQVIHU 1HWZRUN 6WUXFWXUH DV D 5LVN )DFWRU IRU &ORVWULGLXP GLIILFLOH ,QIHFWLRQ ,QIHFWLRQ
&RQWURO DQG +RVSLWDO (SLGHPLRORJ

6DODWKp 0 -RQHV - ' QDPLFV DQG &RQWURO RI 'LVHDVHV LQ 1HWZRUNV ZLWK &RPPXQLW
6WUXFWXUH 3ORV &RPSXWDWLRQDO %LRORJ

/DPDUVDOOH / +XQW % 6FKDXI 0 6]ZDUFHQV]WHLQ . 9DOHQWLQH :- (YDOXDWLQJ WKH
FOLQLFDO DQG HFRQRPLF EXUGHQ RI KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV GXULQJ KRVSLWDOL]DWLRQ IRU
VXUJHU LQ )UDQFH (SLGHPLRORJ DQG ,QIHFWLRQ

)RXUTXHW ) 'HPRQW ) /HFX HU , 5RJHUV 0 %ORF '+ )UHQFK PHGLFDO KRVSLWDO
LQIRUPDWLRQ V VWHP DQG FURVV LQIHFWLRQ VXUYHLOODQFH WKHRU DQG IHDVLELOLW 0pGHFLQH 0DO
,QIHFW

0RXOLV * /DSH UH 0HVWUH 0 3DOPDUR 3XJQHW * 0RQWDVWUXF -/ 6DLOOHU / )UHQFK
KHDOWK LQVXUDQFH GDWDEDVHV :KDW LQWHUHVW IRU PHGLFDO UHVHDUFK /D 5HYXH GH 0pGHFLQH
,QWHUQH

%DQDHL %HQVDGRQ 0 9XDJQDW &KRGRUJH 0 0DQDJHPHQW RI 0RGHUQL]LQJ
)UHQFK '5* EDVHG ,QIRUPDWLRQ 6 VWHP 306, +RZ 6XEVLGLDULW 3ULQFLSOH 0DGH ,W
3RVVLEOH 3XEOLF +HDOWK ,QIRUPDWLFV

%RX]ELG 6 *LFTXHO 4 *HUELHU 6 &KRPDUDW 0 3UDGDW ( )DEU - HW DO XWRPDWHG
GHWHFWLRQ RI QRVRFRPLDO LQIHFWLRQV HYDOXDWLRQ RI GLIIHUHQW VWUDWHJLHV LQ DQ LQWHQVLYH FDUH XQLW

-RXUQDO RI +RVSLWDO ,QIHFWLRQ

/HJUDV % )HOGPDQQ / %XUGLQ - :HEHU 0 +DUWHPDQQ 3 (YDOXDWLRQ GHV LQIHFWLRQV
nosocomiales à partir des données du laboratoire et des résumés d’hospitalisation. Médecine 
0DO ,QIHFW

*HUELHU &RORPEDQ 6 %RXUMDXOW 0 &HWUH -& %DXOLHX[ - 0HW]JHU 0+ (YDOXDWLRQ
VWXG RI GLIIHUHQW VWUDWHJLHV IRU GHWHFWLQJ VXUJLFDO VLWH LQIHFWLRQV XVLQJ WKH KRVSLWDO LQIRUPDWLRQ
V VWHP DW / RQ 8QLYHUVLW +RVSLWDO )UDQFH QQDOV RI VXUJHU

1XHPL * VWUXF . KR 6 4XDQWLQ & &RPSDULQJ UHVXOWV RI PHWKLFLOOLQ UHVLVWDQW
6WDSK ORFRFFXV DXUHXV 056 VXUYHLOODQFH XVLQJ WKH )UHQFK '5* EDVHG LQIRUPDWLRQ
V VWHP 306, 5HY (SLGHPLRO 6DQWH 3XEOLTXH

*UDPPDWLFR *XLOORQ / %DURQ 6 *DERULW & 5XVFK ( VWDJQHDX 3 4XDOLW
VVHVVPHQW RI +RVSLWDO 'LVFKDUJH 'DWDEDVH IRU 5RXWLQH 6XUYHLOODQFH RI +LS DQG .QHH
UWKURSODVW –5HODWHG ,QIHFWLRQV ,QIHFWLRQ &RQWURO [ +RVSLWDO (SLGHPLRORJ



Sahli L, Lapeyre‐Mestre M, Derumeaux H, Moulis G. Positive predictive values of 
VHOHFWHG KRVSLWDO GLVFKDUJH GLDJQRVHV WR LGHQWLI LQIHFWLRQV UHVSRQVLEOH IRU KRVSLWDOL]DWLRQ LQ
WKH )UHQFK QDWLRQDO KRVSLWDO GDWDEDVH 3KDUPDFRHSLGHPLRORJ DQG 'UXJ 6DIHW

*LUDUG ' QWRLQH ' &KH ' (SLGHPLRORJ RI SXOPRQDU WXEHUFXORVLV LQ )UDQFH &DQ
WKH KRVSLWDO GLVFKDUJH GDWDEDVH EH D UHOLDEOH VRXUFH RI LQIRUPDWLRQ 0pGHFLQH HW 0DODGLHV
,QIHFWLHXVHV

%HUQDUG 6 0DLOOHV 6WDKO -3 (SLGHPLRORJ RI LQIHFWLRXV HQFHSKDOLWLV GLIIHUHQFHV
EHWZHHQ D SURVSHFWLYH VWXG DQG KRVSLWDO GLVFKDUJH GDWD (SLGHPLRORJ DQG ,QIHFWLRQ

*UDPPDWLFR *XLOORQ / %DURQ 6 5RVVHW 3 *DERULW & %HUQDUG / 5XVFK ( HW DO
6XUJLFDO 6LWH ,QIHFWLRQ IWHU 3ULPDU +LS DQG .QHH UWKURSODVW &RKRUW 6WXG 8VLQJ D
+RVSLWDO 'DWDEDVH ,QIHFWLRQ &RQWURO [ +RVSLWDO (SLGHPLRORJ

1HNNDE 1 VWDJQHDX 3 7HPLPH / &UHSH 3 6SUHDG RI KRVSLWDO DFTXLUHG LQIHFWLRQV
FRPSDULVRQ RI KHDOWKFDUH QHWZRUNV 3/R6 &RPSXW %LRO H

&ODXVHW )LQGLQJ ORFDO FRPPXQLW VWUXFWXUH LQ QHWZRUNV 3K VLFDO 5HYLHZ (

),1(66 ([WUDFWLRQ GX )LFKLHU GHV pWDEOLVVHPHQWV /H PLQLVWqUH GHV VROLGDULWpV HW GH OD
VDQWp >XSGDWHG SULO YDLODEOH IURP KWWSV ZZZ GDWD JRXY IU IU GDWDVHWV ILQHVV
H[WUDFWLRQ GX ILFKLHU GHV HWDEOLVVHPHQWV B

'LHNPDQQ 2 +HHVWHUEHHN - 3 0DWKHPDWLFDO HSLGHPLRORJ RI LQIHFWLRXV GLVHDVHV
PRGHO EXLOGLQJ DQDO VLV DQG LQWHUSUHWDWLRQ &KLFKHVWHU -RKQ :LOH DQG 6RQV

+ QGPDQ 5- WKDQDVRSRXORV * )RUHFDVWLQJ SULQFLSOHV DQG SUDFWLFH 6HFWLRQ
>,QWHUQHW SULO YDLODEOH IURP KWWSV ZZZ RWH[WV RUJ ISS

-RPEDUW 7 DQHQVHQ '0 %DJXHOLQ 0 %LUUHOO 3 &DXFKHPH] 6 &DPDFKR HW DO
2XWEUHDN7RROV D QHZ SODWIRUP IRU GLVHDVH RXWEUHDN DQDO VLV XVLQJ WKH 5 VRIWZDUH (SLGHPLFV

-RPEDUW 7 (JJR 50 'RGG 3- %DOORX[ ) 5HFRQVWUXFWLQJ GLVHDVH RXWEUHDNV IURP
JHQHWLF GDWD D JUDSK DSSURDFK +HUHGLW

-RPEDUW 7 &RUL 'LGHORW ; &DXFKHPH] 6 )UDVHU & )HUJXVRQ 1 %D HVLDQ
5HFRQVWUXFWLRQ RI 'LVHDVH 2XWEUHDNV E &RPELQLQJ (SLGHPLRORJLF DQG *HQRPLF 'DWD 3/26
&RPSXWDWLRQDO %LRORJ H

2EDGLD 7 6LOKRO 5 2SDWRZVNL / 7HPLPH / /HJUDQG - 7KLHEDXW &0 HW DO
'HWDLOHG FRQWDFW GDWD DQG WKH GLVVHPLQDWLRQ RI WDSK ORFRFF D LQ KRVSLWDOV 3ORV
&RPSXWDWLRQDO %LRORJ

6FKXPDFKHU 0 OOLJQRO %H HUVPDQQ - %LQGHU 1 :RONHZLW] 0 +RVSLWDO
DFTXLUHG LQIHFWLRQV—DSSURSULDWH VWDWLVWLFDO WUHDWPHQW LV XUJHQWO QHHGHG ,QWHUQDWLRQDO -RXUQDO
RI (SLGHPLRORJ



9DQKHPV 3 %DUUDW &DWWXWR & 3LQWRQ - ) .KDQDIHU 1 5pJLV & HW DO (VWLPDWLQJ
3RWHQWLDO ,QIHFWLRQ 7UDQVPLVVLRQ 5RXWHV LQ +RVSLWDO :DUGV 8VLQJ :HDUDEOH 3UR[LPLW
6HQVRUV 3/26 21( H

&KDPEHUV ' :LOVRQ 3 7KRPSVRQ & +DUGHQ 0 6RFLDO 1HWZRUN QDO VLV LQ
+HDOWKFDUH 6HWWLQJV 6 VWHPDWLF 6FRSLQJ 5HYLHZ 3/R6 21( H

*LQJUDV * *XHUWLQ 0+ /DSULVH -) 'UROHW 0 %ULVVRQ 0 0DWKHPDWLFDO PRGHOLQJ RI
WKH WUDQVPLVVLRQ G QDPLFV RI OR W L L P LIILFLO LQIHFWLRQ DQG FRORQL]DWLRQ LQ KHDOWKFDUH
VHWWLQJV D V VWHPDWLF UHYLHZ 3/R6 2QH

1LVKLXUD + .XUDWVXML 7 4X 7 3KL 1& 9DQ %DQ 9 +D /' HW DO 5DSLG DZDUHQHVV
DQG WUDQVPLVVLRQ RI VHYHUH DFXWH UHVSLUDWRU V QGURPH LQ +DQRL )UHQFK +RVSLWDO 9LHWQDP
PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG + JLHQH

0DVXGD 1 .RQQR 1 LKDUD . 7UDQVPLVVLRQ RI VHYHUH DFXWH UHVSLUDWRU V QGURPH LQ
G QDPLFDO VPDOO ZRUOG QHWZRUNV 3K VLFDO 5HYLHZ (

:HEE *) %ODVHU 0- =KX +3 UGDO 6 :X -+ &ULWLFDO UROH RI QRVRFRPLDO
WUDQVPLVVLRQ LQ WKH 7RURQWR 6 56 RXWEUHDN 0DWKHPDWLFDO %LRVFLHQFHV DQG (QJLQHHULQJ

/OR G 6PLWK -2 *DOYDQL 3 *HW] :0 &XUWDLOLQJ WUDQVPLVVLRQ RI VHYHUH DFXWH
UHVSLUDWRU V QGURPH ZLWKLQ D FRPPXQLW DQG LWV KRVSLWDO 3URFHHGLQJV RI WKH 5R DO 6RFLHW
% %LRORJLFDO 6FLHQFHV

&DPDFKR .XFKDUVNL - )XQN 6 %UHPDQ - 3LRW 3 (GPXQGV :- 3RWHQWLDO IRU ODUJH
RXWEUHDNV RI (EROD YLUXV GLVHDVH (SLGHPLFV

%DUEDURVVD 09 'HQHV .LVV * 1DNDWD < 5RVW * 9L]L = 7UDQVPLVVLRQ G QDPLFV
DQG ILQDO HSLGHPLF VL]H RI (EROD YLUXV GLVHDVH RXWEUHDNV ZLWK YDU LQJ LQWHUYHQWLRQV 3ORV 2QH

'RQJ )/ ;X '/ :DQJ = 'RQJ 0: (YDOXDWLRQ RI (EROD VSUHDGLQJ LQ :HVW IULFD
DQG GHFLVLRQ RI RSWLPDO PHGLFLQH GHOLYHU VWUDWHJLHV EDVHG RQ PDWKHPDWLFDO PRGHOV ,QIHFWLRQ
*HQHWLFV DQG (YROXWLRQ

9DQKHPV 3 9RQ 5DHVIHOGW 5 (FRFKDUG 5 9RLULQ 1 (PHUJHQFH RI (EROD YLUXV
GLVHDVH LQ D IUHQFK DFXWH FDUH VHWWLQJ D VLPXODWLRQ VWXG EDVHG RQ GRFXPHQWHG LQWHU LQGLYLGXDO
FRQWDFWV 6FLHQWLILF 5HSRUWV

21HLOO - QWLPLFURELDO UHVLVWDQFH WDFNOLQJ D FULVLV IRU WKH KHDOWK DQG ZHDOWK RI
QDWLRQV /RQGRQ 5HYLHZ RQ QWLPLFURELDO 5HVLVWDQFH

&KDVH 7RSSLQJ &/* %UDP 'Y% 2OLYHU % &KULV 5 7KLEDXG 3 /DXUD , HW DO 1RW
MXVW D PDWWHU RI VL]H D KRVSLWDO OHYHO ULVN IDFWRU DQDO VLV RI 056 EDFWHUDHPLD LQ 6FRWODQG
%0& ,QIHFWLRXV 'LVHDVHV

Réseau d’alerte d’investigation et de surveillance des infections nosocomiales (Raisin). 
(QTXrWH QDWLRQDOH GH SUpYDOHQFH GHV LQIHFWLRQV QRVRFRPLDOHV HW GHV WUDLWHPHQWV DQWL LQIHFWLHX[
HQ pWDEOLVVHPHQWV GH VDQWp )UDQFH PDL MXLQ 5pVXOWDWV 6DLQW 0DXULFH ,QVWLWXW GH YHLOOH
VDQLWDLUH



'RQNHU 7 6PLHV]HN 7 +HQGHUVRQ ./ -RKQVRQ 3 :DONHU 6 5RERWKDP -9
0HDVXULQJ GLVWDQFH WKURXJK GHQVH ZHLJKWHG QHWZRUNV 7KH FDVH RI KRVSLWDO DVVRFLDWHG
SDWKRJHQV 3/26 &RPSXWDWLRQDO %LRORJ H

'RQNHU 7 +HQGHUVRQ ./ +RSNLQV ./ 'RGJVRQ 5 7KRPDV 6 &URRN ': HW DO
7KH UHODWLYH LPSRUWDQFH RI ODUJH SUREOHPV IDU DZD YHUVXV VPDOO SUREOHPV FORVHU WR KRPH
LQVLJKWV LQWR OLPLWLQJ WKH VSUHDG RI DQWLPLFURELDO UHVLVWDQFH LQ (QJODQG %0& 0HGLFLQH

6DOWPDQ 5% %DQNDXVNDLWH 9 9UDQJEDHN . 'HFHQWUDOL]DWLRQ LQ KHDOWK FDUH 6WUDWHJLHV
DQG RXWFRPHV 1HZ <RUN 2SHQ 8QLYHUVLW 3UHVV S

3ROWRQ ' 'pFHQWUDOLVDWLRQ GHV V VWqPHV GH VDQWp 4XHOTXHV UpIOH[LRQV j SDUWLU
G H[SpULHQFHV pWUDQJqUHV 4XHVWLRQV G pFRQRPLH GH OD VDQWp

/HSHOOHWLHU ' %HUWKHORW 3 /XFHW -& )RXUQLHU 6 -DUOLHU 9 *UDQGEDVWLHQ % HW DO
)UHQFK UHFRPPHQGDWLRQV IRU WKH SUHYHQWLRQ RI HPHUJLQJ H[WHQVLYHO GUXJ UHVLVWDQW EDFWHULD
H;'5 FURVV WUDQVPLVVLRQ -RXUQDO RI +RVSLWDO ,QIHFWLRQ
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5pVXPp

/D SURSDJDWLRQ GHV SDWKRJqQHV QRWDPPHQW GHV EDFWpULHV PXOWL UpVLVWDQWHV DX VHLQ GX UpVHDX
GHV K SLWDX[ est un grand enjeu de santé publique. L’évDOXDWLRQ GX U OH MRXp SDU OHV WUDQVIHUWV
LQWHU pWDEOLVVHPHQWV GHV SDWLHQWV VXU FHWWH SURSDJDWLRQ pourrait permettre l’élaboration de 
nouvelles mesures de contrôle. L’utilisation des données de réseaux de contact inter LQGLYLGXV
HW GH WUDQVIHUWV LQWHU pWDEOLVVHPHQW GDQV OD PRGpOLVDWLRQ PDWKpPDWLTXH RQW UHQGX FHV PRGqOHV
SOXV SURFKHV GH OD UpDOLWp 7RXWHIRLV FHV GHUQLHUV UHVWHQW OLPLWpV j TXHOTXHV PLOLHX[
KRVSLWDOLHUV HW TXHOTXHV SDWKRJqQHV /D WKqVH D HX SRXU REMHFWLIV GH PLHX[ FRPSUHQGUH OD
VWUXFWXUH GHV UpVHDX[ KRVSLWDOLHUV IUDQoDLV HW OHXU LPSDFW VXU OD SURSDJDWLRQ GHV SDWKRJqQHV
GDQV OH PLOLHX KRVSLWDOLHU HW pYDOXHU OH U OH GHV WUDQVIHUWV VXU OD SURSDJDWLRQ GHV
HQWpUREDFWpULHV SURGXFWULFHV GH FDUEDSHQHPDVH (3& /HV UpVHDX[ KRVSLWDOLHUV IUDQoDLV VRQW
FDUDFWpULVpV SDU GHV IOX[ GH SDWLHQWV YHUV GHV KXEV HW SDU GHX[ QLYHDX[ GH FRPPXQDXWpV GHV
K SLWDX[ /D VWUXFWXUH GX UpVHDX GH WUDQVIHUW GHV SDWLHQWV SUpVHQWDQW XQH LQIHFWLRQ QRVRFRPLDOH
,1) n’est pas différente de celle du UpVHDX JpQpUDO GH WUDQVIHUW GHV SDWLHQWV &H WUDYDLO D
pJDOHPHQW PRQWUp TXH GHSXLV OHV WUDQVIHUWV GH SDWLHQWV MRXHQW DYHF OHV DQQpHV XQ U OH GH
SOXV HQ SOXV LPSRUWDQW VXU OD GLIIXVLRQ GHV (3& HQ )UDQFH (Q FRQVpTXHQFH OD VWUXFWXUH GX
UpVHDX GHV K SLWDX[ SRXUUDLW VHUYLU GH EDVH SRXU OD SURSRVLWLRQ GHV QRXYHOOHV VWUDWpJLHV GH
FRQWU OHV GHV ,1 HQ JpQpUDO HW GHV (3& HQ SDUWLFXOLHU

,QIHFWLRQV QRVRFRPLDOHV UpVHDX[ KRVSLWDOLHUV HQWpUREDFWpULHV

5pVXPp HQ DQJODLV

7KH VSUHDG RI SDWKRJHQV DQG PXOWL GUXJ UHVLVWDQFH LQ KHDOWKFDUH QHWZRUNV LV D PDMRU SXEOLF
KHDOWK LVVXH (YDOXDWLQJ WKH UROH RI LQWHU IDFLOLW SDWLHQW WUDQVIHUV PD SURYLGH LQVLJKWV RQ
QRYHO LQIHFWLRQ FRQWURO PHDVXUHV 7KH LQFUHDVLQJ XVH RI LQWHU LQGLYLGXDO FRQWDFW DQG LQWHU
IDFLOLW WUDQVIHU QHWZRUN GDWD LQ PDWKHPDWLFDO PRGHOOLQJ RI SDWKRJHQ VSUHDG LQ KHDOWKFDUH
VHWWLQJV KDV KHOSHG WKHVH PRGHOV EHFRPH PRUH UHDOLVWLF KRZHYHU WKH UHPDLQ OLPLWHG WR D IHZ
VHWWLQJV DQG SDWKRJHQV 7KH PDLQ REMHFWLYHV RI WKLV WKHVLV ZHUH WZR IROG WR EHWWHU
XQGHUVWDQG WKH VWUXFWXUH RI WKH KHDOWKFDUH QHWZRUNV RI )UDQFH DQG WKHLU LPSDFW RQ SDWKRJHQ
VSUHDG G QDPLFV DQG WR DVVHVV WKH UROH RI WUDQVIHUV RQ WKH VSUHDG RI &DUEDSHQHPDVH
SURGXFLQJ (QW REDFW LDF D &3( 7KH )UHQFK KHDOWKFDUH QHWZRUNV DUH FKDUDFWHUL]HG E
FHQWUDOL]HG SDWLHQW IORZV WRZDUGV KXEV KRVSLWDOV DQG D WZR WLHU FRPPXQLW FOXVWHULQJ
VWUXFWXUH :H DOVR IRXQG WKDW QHWZRUNV RI SDWLHQWV ZLWK KHDOWKFDUH DVVRFLDWHG LQIHFWLRQV
+ ,V IRUP WKH VDPH XQGHUO LQJ VWUXFWXUH DV WKDW RI WKH JHQHUDO SDWLHQW SRSXODWLRQ 7KH
JHQHUDO SDWLHQW QHWZRUN ZDV XVHG WR VKRZ WKDW VLQFH SDWLHQW WUDQVIHUV KDYH SOD HG DQ
LQFUHDVLQJO LPSRUWDQW UROH RYHU WLPH LQ WKH VSUHDG RI &3( LQ )UDQFH 7KHUHIRUH WKH VWUXFWXUH
RI KHDOWKFDUH QHWZRUNV PD KHOS VHUYH DV D EDVLV IRU QRYHO LQIHFWLRQ FRQWURO VWUDWHJLHV WR
WDFNOH + ,V LQ JHQHUDO DQG &3( LQ SDUWLFXODU

+RVSLWDO DFTXLUHG LQIHFWLRQV KHDOWKFDUH QHWZRUNV (QW REDFW LDF D


