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3XEOLFDWLRQ RI WKLV WKHVLV ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH 'HSDUWPHQW RI 3XEOLF +HDOWK�

(UDVPXV 0&� 8QLYHUVLW\ 0HGLFDO &HQWHU 5RWWHUGDP DQG WKH 1HWKHUODQGV )RXQGDWLRQ IRU

WKH $GYDQFHPHQW RI 7URSLFDO 5HVHDUFK �:2752��

6FKLVWRVRPLDVLV PRUELGLW\ DQG PDQDJHPHQW RI FDVHV LQ $IULFD � 9DQ GHU :HUI� 0DULHNH -�

7KHVLV (UDVPXV 0&� 8QLYHUVLW\ 0HGLFDO &HQWHU 5RWWHUGDP ² :LWK VXPPDU\ LQ (QJOLVK DQG

'XWFK

&RYHU GHVLJQ� 3HWHU 9RJHODDU� 6WXGLR 39� 5RWWHUGDP� SHWHU�YRJHODDU#XLWGHNXQVW�FRP

7H[W OD\�RXW� 0DULHNH -� YDQ GHU :HUI

3ULQWHG E\ 3ULQW3DUWQHUV ,SVNDPS� (QVFKHGH

,6%1 �������������

� 0DULHNH -� YDQ GHU :HUI� ����

1R SDUW RI WKLV SXEOLFDWLRQ PD\ EH UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP� RU WUDQVPLWWHG

LQ DQ\ IRUP RU E\ DQ\ PHDQV� PHFKDQLFDO� SKRWRFRS\LQJ� UHFRUGLQJ RU RWKHUZLVH� ZLWKRXW

ZULWWHQ SHUPLVVLRQ IURP WKH DXWKRU�
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3URHIVFKULIW

WHU YHUNULMJLQJ YDQ GH JUDDG YDQ GRFWRU

DDQ GH (UDVPXV 8QLYHUVLWHLW 5RWWHUGDP

RS JH]DJ YDQ GH 5HFWRU 0DJQLILFXV

3URI�GU�LU� -�+� YDQ %HPPHO

HQ YROJHQV EHVOXLW YDQ KHW &ROOHJH YRRU 3URPRWLHV

'H RSHQEDUH YHUGHGLJLQJ ]DO SODDWVYLQGHQ RS

ZRHQVGDJ �� PHL ���� RP ����� XXU

GRRU
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JHERUHQ WH *RXGD
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3URPRWRU� 3URI�GU� -�'�)� +DEEHPD

2YHULJH OHGHQ� 3URI�GU� %� *U\VHHOV

3URI�GU� $�'�0�(� 2VWHUKDXV

'U� -�)� 6OXLWHUV

&RSURPRWRU� 'U� 6�-� GH 9ODV



$DQ PLMQ RXGHUV
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� $VVRFLDWLQJ FRPPXQLW\ SUHYDOHQFH RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ ZLWK

SUHYDOHQFH RI VLJQV DQG V\PSWRPV

��

� 'LDJQRVLV RI HDUO\ FOLQLFDO FRQVHTXHQFHV RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ�

$ QRYHO DSSURDFK WR FRPSDUH WKH SHUIRUPDQFH RI XOWUDVRXQG DQG WKUHH

PHWKRGV IRU KDHPDWXULD GHWHFWLRQ

��

� 1R HIIHFW RI UHFDOO SHULRG OHQJWK RQ SUHYDOHQFH RI VHOI�UHSRUWHG KDHPDWXULD

LQ 6FKLVWRVRPD KDHPDWRELXP HQGHPLF DUHDV

��

� 4XDQWLILFDWLRQ RI FOLQLFDO PRUELGLW\ DVVRFLDWHG ZLWK VFKLVWRVRPH LQIHFWLRQ LQ

VXE�6DKDUDQ $IULFD
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� 6FKLVWRVRPLDVLV FRQWURO LQ *KDQD� &DVH PDQDJHPHQW DQG PHDQV IRU GLDJQRVLV

DQG WUHDWPHQW ZLWKLQ WKH KHDOWK V\VWHP

��

� (YDOXDWLRQ RI FDVH PDQDJHPHQW LQ WKH LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO

SURJUDPPH LQ 0DOL

���

� (YDOXDWLRQ RI VWDII SHUIRUPDQFH DQG PDWHULDO UHVRXUFHV IRU LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO LQ 1RUWKHUQ 6HQHJDO

���

� 0HDVXULQJ VFKLVWRVRPLDVLV FDVH PDQDJHPHQW RI WKH KHDOWK VHUYLFHV LQ *KDQD

DQG 0DOL

���

�� *HQHUDO GLVFXVVLRQ ���



5HIHUHQFHV ���

6XPPDU\ ���

6DPHQYDWWLQJ ���

'DQNZRRUG ���

&XUULFXOXP YLWDH ���

3XEOLFDWLRQV ���
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6FKLVWRVRPLDVLV LV RQH RI WKH PRVW SUHYDOHQW SDUDVLWLF GLVHDVHV DQG DQ LPSRUWDQW SXEOLF

KHDOWK SUREOHP LQ PDQ\ GHYHORSLQJ FRXQWULHV� 7KH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\

GXH WR VFKLVWRVRPH LQIHFWLRQ� DQG WKHUHIRUH WKH PDJQLWXGH RI WKH SUREOHP� KDV QHYHU EHHQ

VWXGLHG LQ GHWDLO� 7KLV LQIRUPDWLRQ ZRXOG IDFLOLWDWH DGYRFDF\ DQG EHWWHU SODQQLQJ RI

QDWLRQDO DQG ORFDO FRQWURO SURJUDPPHV� ,Q WKH ILUVW SDUW RI WKLV WKHVLV� ZH HVWLPDWHG WKH

QXPEHU RI LQGLYLGXDOV VXIIHULQJ IURP PRUELGLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ XVLQJ GDWD

IURP SXEOLVKHG ILHOG VWXGLHV WKDW UHSRUWHG LQIHFWLRQ DQG PRUELGLW\� VXEVHTXHQWO\ ZH

GHWHUPLQHG WKH EXUGHQ RI GLVHDVH GXH WR VFKLVWRVRPLDVLV�

,QWHJUDWLRQ RI VFKLVWRVRPLDVLV FRQWURO LQ H[LVWLQJ KHDOWK VWUXFWXUHV LV D NH\ HOHPHQW RI

VXVWDLQDEOH FRQWURO �(QJHOV HW DO�� ������ 7KLV LPSOLHV WKDW DW OHDVW LQGLYLGXDOV DIIHFWHG E\

VFKLVWRVRPLDVLV PRUELGLW\ WKDW UHSRUW DW D KHDOWK FDUH IDFLOLW\ VKRXOG UHFHLYH DGHTXDWH

GLDJQRVLV DQG WUHDWPHQW �:+2� ������ ,Q VHFRQG SDUW RI WKLV WKHVLV� ZH DVVHVVHG ZKHWKHU

SUHUHTXLVLWHV IRU FDVH PDQDJHPHQW ZHUH DYDLODEOH DQG LI LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO

ZDV IXQFWLRQDO LQ KHDOWK FDUH IDFLOLWLHV LQ *KDQD� 0DOL DQG 6HQHJDO E\ LQWHUYLHZLQJ KHDOWK

ZRUNHUV LQ WKH WKUHH FRXQWULHV�


�
�
�������	��������������

6FKLVWRVRPLDVLV LV FDXVHG E\ LQIHFWLRQ ZLWK IODWZRUPV EHORQJLQJ WR WKH JHQXV 6FKLVWRVRPD

�7UHPDWRGD� 3ODW\KHOPLQWKHV�� 7KH ILYH VSHFLHV WKDW LQIHFW KXPDQV DUH 6� KDHPDWRELXP� 6�

PDQVRQL� 6� MDSRQLFXP� 6� LQWHUFDODWXP DQG 6� PHNRQJL� 0RVW $IULFDQ FRXQWULHV DQG VRPH

FRXQWULHV LQ WKH 0LGGOH (DVW DUH HQGHPLF IRU 6� KDHPDWRELXP DQG 6� PDQVRQL� 6� LQWHUFDODWXP

KDV EHHQ UHSRUWHG LQ WHQ FRXQWULHV LQ $IULFD �&KLWVXOR HW DO�� ������ 2XWVLGH $IULFD� 6�

PDQVRQL LV DOVR SUHVHQW LQ 6RXWK $PHULFD� HVS� LQ %UD]LO� 6� PHNRQJL DQG 6� MDSRQLFXP DUH

FRQILQHG WR WKH )DU (DVW� 7KH ILYH VSHFLHV GLIIHU LQ VL]H DQG VKDSH RI WKHLU HJJV� HJJ

SURGXFWLRQ �6� KDHPDWRELXP DQG 6� PDQVRQL �� � ��� DQG 6� MDSRQLFXP ���� HJJV SHU ZRUP

SDLU SHU GD\ �-RUGDQ HW DO�� ������ DQG ORFDWLRQ ZLWKLQ WKH KXPDQ KRVW DQG FRQVHTXHQWO\

FDXVH GLIIHUHQW VLJQV DQG V\PSWRPV�

+XPDQV EHFRPH LQIHFWHG DIWHU FRQWDFW ZLWK VXUIDFH ZDWHU LQ ZKLFK WKH LQWHUPHGLDWH KRVW

VQDLOV OLYH �)LJXUH ����� 7KHVH VQDLOV VKHG FHUFDULDH� IUHH OLYLQJ� LQIHFWLYH VFKLVWRVRPH ODUYD�

7KH UHOHDVH RI FHUFDULDH LV PRVW SURQRXQFHG DURXQG QRRQ DQG VWDUWV � WR � KRXUV DIWHU WKH

VQDLOV DUH H[SRVHG WR OLJKW �:ROPDUDQV HW DO�� ������ &HUFDULDH DUH SRVLWLYHO\ SKRWRWURSLF

DQG ZLOO WKHUHIRUH FRQJUHJDWH WRZDUGV WKH ZDWHU VXUIDFH ZKHUH SRVVLELOLWLHV IRU FRQWDFW

ZLWK KXPDQV RU DQLPDOV DUH PD[LPDO �0F.HUURZ DQG 6DOWHU� ������ 8SRQ FRQWDFW ZLWK

KXPDQ VNLQ� WKH\ DGKHUH DQG DSSO\ WKHLU RUDO VXFNHU �-RUGDQ HW DO�� ������ 7KH\ UHVSRQG WR

FKHPLFDO VLJQDOV� SDUWLFXODUO\ PHGLXP FKDLQ IDWW\ DFLGV� DV D VLJQDO IRU VNLQ LQYDVLRQ� %\

PHDQV RI ERWK HQ]\PHV DQG YLJRURXV PRYHPHQW WKH VNLQ LV SHQHWUDWHG� 7KHUHDIWHU� WKH\

VKHG WKHLU WDLO DQG DUH WUDQVIRUPHG WR VFKLVWRVRPXOD� WKH QH[W ODUYDO VWDJH� 7KHVH DUH

PLJUDWH WKURXJK WKH YHQXOHV� ULJKW KHDUW FKDPEHU DQG OXQJV YLD WKH PHVHQWHULF DUWHULHV DQG

SRUWDO YHLQ WR WKH OLYHU� ,Q WKH OLYHU WKH VFKLVWRVRPXOXP VWDUWV WR JURZ XQWLO LW LV PDWXUH�

7KH PDWXUH PDOH DQG IHPDOH ZRUP PDWH LQ WKH OLYHU DQG PLJUDWH WR WKH EORRG YHVVHOV RI

WKH LQWHVWLQHV �LQWHVWLQDO VFKLVWRVRPLDVLV FDXVHG E\ 6� PDQVRQL� 6� MDSRQLFXP� 6� PHNRQJL DQG 6�
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LQWHUFDODWXP� RU XULQDU\ WUDFW �XULQDU\ VFKLVWRVRPLDVLV FDXVHG E\ 6� KDHPDWRELXP� ZKHUH WKH

IHPDOHV OLYH LQ WKH J\QDHFRSKRULF FDQDO RI WKH PDOH ZRUPV� +HUH� WKH\ VWDUW OD\LQJ HJJV

DIWHU DSSUR[LPDWHO\ �� GD\V� 7KH OLIHVSDQ RI DGXOW ZRUPV UDQJHV IURP � WR �� \HDUV

�$UQRQ� ����� +DUULV HW DO�� ����� DQG WKXV D ODUJH QXPEHU RI HJJV ZLOO EH SURGXFHG LQ D

OLIHWLPH� (JJV PLJUDWH WKURXJK WKH ZDOO RI WKH LQWHVWLQHV RU EODGGHU DQG DUH H[FUHWHG E\

GHIHFDWLRQ RU XULQDWLQJ� UHVSHFWLYHO\� :KHQ WKH H[FUHWHG HJJV FRPH LQ FRQWDFW ZLWK IUHVK

ZDWHU WKH\ KDWFK D PLUDFLGLXP� ZKLFK LV DEOH WR LQIHFW WKH LQWHUPHGLDWH VQDLO KRVW� ,Q WKH

VQDLO� QHZ FHUFDULDH GHYHORS E\ DVH[XDO UHSURGXFWLRQ�

&RQWURO PHDVXUHV WKDW LQWHUUXSW WKH OLIH�F\FOH RI VFKLVWRVRPHV FDQ EH GLYLGHG LQWR ��� VQDLO

FRQWURO �PROOXVFLFLGHV�� ��� SUHYHQWLRQ RI ZDWHU FRQWDFW E\ KXPDQV �VDIH ZDWHU VXSSO\ DQG

EXLOGLQJ RI EULGJHV�� ��� NLOOLQJ RI ZRUPV LQ WKH KXPDQ KRVW �FKHPRWKHUDS\ WUHDWPHQW ZLWK

DQWLVFKLVWRVRPDO GUXJV� DQG ��� SUHYHQWLRQ RI VXUIDFH ZDWHU FRQWDPLQDWLRQ ZLWK XULQH RU

VWRRO �VDQLWDWLRQ� �:+2� ������ +HDOWK HGXFDWLRQ RI SRSXODWLRQV DW ULVN IRU LQIHFWLRQ DQG

GHYHORSPHQW RI GLVHDVH FDQ DLP DW UHGXFLQJ FRQWDFW RI KXPDQV ZLWK LQIHFWHG ZDWHU ERGLHV�

LQFUHDVLQJ KHDOWK FDUH VHHNLQJ EHKDYLRXU IRU VFKLVWRVRPLDVLV�UHODWHG V\PSWRPV DQG

SUHYHQWLQJ FRQWDPLQDWLRQ RI VXUIDFH ZDWHU ZLWK KXPDQ H[FUHWD�

Migration and development
into adult worm

Egg excretion
 in urine or stool

MiracidiaCercariae

Adult worm pair in
vesical plexus or
mesenteric veins

Intermediate host

Egg production

Figure 1.1: Transmission cycle of schistosomes. With kind permission of Dr. A.M. Polderman.

7KH VWXGLHV SUHVHQWHG LQ WKLV WKHVLV DUH FRQILQHG WR VSHFLHV RI VFKLVWRVRPHV WKDW DUH

SUHYDOHQW LQ $IULFD �6� KDHPDWRELXP DQG 6� PDQVRQL�� 6� LQWHUFDODWXP LV QRW GLVFXVVHG�
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7KH ILUVW UHDFWLRQ WKDW FDQ RFFXU LQ WKH GHILQLWLYH KRVW LV GXH WR SHQHWUDWLRQ RI WKH VNLQ E\

FHUFDULDH� 8S WR ��� RI WKH VFKLVWRVRPXOD UHOHDVHG IURP WKH FHUFDULDH ZLOO GLH LQ WKH VNLQ

DQG WKHVH FDQ LQGXFH K\SHUVHQVLWLYLW\ UHDFWLRQV RI ERWK WKH LPPHGLDWH DQG GHOD\HG W\SH

�:HEEH� ������ ,Q WKH VWDJH RI PDWXUDWLRQ� PLJUDWLRQ DQG HDUO\ RYLSRVLWLRQ RI WKH ZRUPV D

IRUP RI VHUXP VLFNQHVV PD\ GHYHORS GXH WR WKH IRUPDWLRQ RI LPPXQH FRPSOH[HV

�.DWD\DPD V\QGURPH��

$SSUR[LPDWHO\ � ZHHNV DIWHU LQIHFWLRQ� WKH DGXOW ZRUPV UHDFK WKH EORRG YHVVHOV RI WKH

YHVLFDO SOH[XV RU WKH PHVHQWHULF DQG SRUWDO YHLQV �&KHHYHU HW DO�� ������ 6� PDQVRQL ZRUPV

DUH ORFDWHG DOPRVW HQWLUHO\ LQ WKH PHVHQWHULF YHLQV� 7KH IHPDOH ZRUPV GHSRVLW HJJV LQ WKH

EORRG YHQXOHV RI WKH KRVW� IRU 6� KDHPDWRELXP DURXQG ��� HJJV SHU ZRUP SDLU SHU GD\ DQG

IRU 6� PDQVRQL ��� �/RNHU� ������ 7KHVH HJJV DFWLYHO\ SHQHWUDWH WKH WLVVXH RI WKH EODGGHU RU

LQWHVWLQHV WR UHDFK WKH OXPHQ RI WKH EODGGHU RU ERZHOV� +RZHYHU� ��� RU PRUH EHFRPH

WUDSSHG LQ WKH WLVVXH DQG GLH ZLWKLQ �� GD\V �:DUUHQ� ������ ,Q 6� PDQVRQL LQIHFWLRQ� WKH

HJJV DUH DOVR WUDQVSRUWHG WR WKH OLYHU E\ WKH EORRG IORZ ZKHUH WKH\ JHW WUDSSHG LQ WKH

VLQXVRLGV DQG HYHQWXDOO\ GLH �3HDUFH DQG 0DF'RQDOG� ������ 6ROXEOH HJJ DQWLJHQV ZKLFK

DUH DFWLYHO\ H[FUHWHG WKURXJK WKH HJJ VKHOO LQGXFH D &'�� 7�FHOO UHVSRQVH ZKLFK LV

UHVSRQVLEOH IRU WKH GHYHORSPHQW RI JUDQXORPDV� FRPSRVHG RI FROODJHQ ILEUHV DQG FHOOV

�LQFOXGLQJ PDFURSKDJHV� HRVLQRSKLOV DQG &'�� 7�FHOOV� �:DUUHQ� ����� 'XQQH DQG 3HDUFH�

����� 6WDGHFNHU� ������ $V WKH HJJV GLH� WKH JUDQXORPDV UHVROYH DQG PD\ OHDYH ILEURWLF

SODTXHV�


��������������������������

����� 6WDJH RI LQYDVLRQ

6KRUWO\ DIWHU SHQHWUDWLRQ RI WKH VNLQ E\ FHUFDULDH �ZLWKLQ D IHZ KRXUV� D SUXULWLF SDSXODU

UDVK FDQ RFFXU DW WKH VLWH RI SHQHWUDWLRQ� 7LPH EHWZHHQ H[SRVXUH DQG DSSHDUDQFH RI WKH

VNLQ OHVLRQV FDQ DOVR EH PXFK ORQJHU� H�J� PRQWKV WR \HDUV �:RRG HW DO�� ����� (XOGHULQN HW

DO�� ����� )DUUHOO HW DO�� ����� 'DYLV�5HHG DQG 7KHLV� ������ 7KH VNLQ PDQLIHVWDWLRQV PDLQO\

RFFXU LQ PLJUDQWV DQG WRXULVWV FRPLQJ LQWR FRQWDFW ZLWK VFKLVWRVRPHV IRU WKH ILUVW WLPH�

+RZHYHU� LW FDQ DOVR EH GLDJQRVHG LQ VHQVLWLVHG SHUVRQV ZKR DUH UH�LQIHFWHG E\ D QRQ�

KXPDQ VFKLVWRVRPH VSHFLHV �+HDOWK &RXQFLO RI WKH 1HWKHUODQGV� ������

����� $FXWH VFKLVWRVRPLDVLV

7ZR WR �� ZHHNV DIWHU WKH LQLWLDO LQIHFWLRQ WKH .DWD\DPD V\QGURPH FDQ GHYHORS� PDLQO\ LQ

QRQ�LPPXQH YLVLWRUV WR HQGHPLF DUHDV� DQG PRUH VHYHUH DIWHU 6� PDQVRQL LQIHFWLRQ �+LDWW HW

DO�� ����� =XLGHPD� ����� 9LVVHU HW DO�� ������ 7KH SUHVHQWLQJ V\PSWRPV YDU\ IURP JHQHUDO

PDODLVH WR VHYHUH LOOQHVV� 7KH PRVW FRPPRQ FOLQLFDO ILQGLQJV DUH IHYHU� DQRUH[LD� KHDGDFKH�

DEGRPLQDO SDLQ� P\DOJLD� DUWKUDOJLD� GLDUUKRHD� ORVV RI ZHLJKW� KHSDWRPHJDO\� VSOHQRPHJDO\�

DQG XUWLFDULD �6WXLYHU� ����� 'RKHUW\ HW DO�� ����� .DJHU DQG 6FKLSSHU� ������ /HVV

FRPPRQO\ WKHUH DUH SXOPRQDU\ PDQLIHVWDWLRQV� VKRUWQHVV RI EUHDWK DQG D GU\ FRXJK
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�6FKZDUW] HW DO�� ������ 1RUPDOO\� WKH VHYHULW\ RI DFXWH VFKLVWRVRPLDVLV YDULHV ZLWK WKH

LQWHQVLW\ RI LQIHFWLRQ DV PHDVXUHG E\ HJJ FRXQWV �+LDWW HW DO�� ������

����� (DUO\ PDQLIHVWDWLRQV RI LQIHFWLRQ

6� KDHPDWRELXP

3DWKRORJ\ LQ 6� KDHPDWRELXP LQIHFWHG LQGLYLGXDOV PRVW IUHTXHQWO\ RFFXUV LQ WKH EODGGHU�

/HVLRQV FDQ EH GHWHFWHG E\ F\VWRVFRS\ �K\SHUDHPLD� VDQG\ SDWFKHV� SRO\SRLG OHVLRQV�

YHVLFDO XOFHUV� JUDQXORPDV DQG FDOFLILFDWLRQV� �$EGHO�6DODP DQG (KVDQ� ����� &KHQ DQG

0RWW� ������� 1RZDGD\V XOWUDVRQRJUDSK\ LV WKH PDLQ PHWKRG IRU GHWHFWLQJ SDWKRORJ\ LQ

WKH XULQDU\ V\VWHP DV LW LV D QRQLQYDVLYH DQG LQQRFXRXV WHFKQLTXH �+DW] HW DO�� ������

8OWUDVRQRJUDSK\ YLVXDOLVHV LQWUDYHVLFDO PDVVHV DQG SVHXGRSRO\SV� WKLFNHQLQJ DQG

LUUHJXODULWLHV RI WKH EODGGHU ZDOO DQG FDOFLILFDWLRQV �5LFKWHU HW DO�� ������ ,Q KLJKO\ HQGHPLF

DUHDV� EODGGHU OHVLRQV FDQ EH GHWHFWHG LQ XS WR ��� RI WKH SRSXODWLRQ �&DPSDJQH HW DO��

����� DQG PDMRU EODGGHU OHVLRQV LQ ��� �+DW] HW DO�� ������ 7KLV SDWKRORJ\ RIWHQ UHJUHVVHV

DIWHU WUHDWPHQW �+DW] HW DO�� ������ %ODGGHU OHVLRQV SURGXFH WKH HDUO\ V\PSWRPV �WHUPLQDO�

KDHPDWXULD� G\VXULD� XULQDU\ IUHTXHQF\ DQG VXSUD SXELF SDLQ� ,W KDV EHHQ VXJJHVWHG WKDW WKH

ORVV RI EORRG FDXVHV DQDHPLD �*HUULWVHQ HW DO�� ����� )DULG HW DO�� ������ EXW QR FRQFOXVLYH

HYLGHQFH KDV EHHQ SURYLGHG IURP SRSXODWLRQ�EDVHG VWXGLHV� 6RPH IRXQG D SRVLWLYH

UHODWLRQVKLS EHWZHHQ 6� KDHPDWRELXP LQIHFWLRQ DQG DQDHPLD �*UHHQKDP� ����� %UHWDJQH HW

DO�� ����� &RRSSDQ HW DO�� ������ ZKHUHDV RWKHUV GLG QRW ILQG DQ\ DVVRFLDWLRQ �(MH]LH DQG

$GH�6HUUDQR� ����� :LONLQV HW DO�� ����� 3UXDO HW DO�� ����� %HILGL�0HQJXH HW DO�� ������

)HPDOH JHQLWDO VFKLVWRVRPLDVLV LV D FRPPRQ PDQLIHVWDWLRQ RI 6� KDHPDWRELXP LQIHFWLRQ

�SUHYDOHQFH UDWH UDQJLQJ IURP �� WR ��� LQ 6� KDHPDWRELXP LQIHFWHG ZRPHQ� DQG RFFXUV

ZKHQ 6� KDHPDWRELXP HJJV DUH GHSRVLWHG LQ WKH IHPDOH JHQLWDO WUDFW �3RJJHQVHH DQG

)HOGPHLHU� ������ 7KH PDLQ FOLQLFDO FKDUDFWHULVWLFV DUH LUUHJXODU PHQVWUXDWLRQ� SHOYLF SDLQ�

YDJLQDO GLVFKDUJH DQG SRVW�FRLWDO EOHHGLQJ� RWKHU SRVVLEOH FRQVHTXHQFHV PD\ EH LQIHUWLOLW\�

PLVFDUULDJH RU HFWRSLF SUHJQDQF\ �3RJJHQVHH HW DO�� ������ ,W KDV EHHQ VXJJHVWHG WKDW

IHPDOH JHQLWDO VFKLVWRVRPLDVLV PD\ HQKDQFH ULVN RI FRQWUDFWLQJ +,9 �)HOGPHLHU HW DO��

������

6� PDQVRQL

,QGLYLGXDOV LQIHFWHG ZLWK 6� PDQVRQL FDQ KDYH SDWKRORJLF FKDQJHV LQ WKH LQWHVWLQHV� OLYHU DQG

VRPHWLPHV WKH VSOHHQ� 7KH PDLQ OHVLRQV GHWHFWHG LQ WKH LQWHVWLQHV DUH FRORQLF SRO\SRVLV�

IRFDO ILEURVLV DQG LQIODPPDWLRQ �&KHQ DQG 0RWW� ������ 7KHVH OHVLRQV PD\ SUHVHQW ZLWK

�EORRG\� GLDUUKRHD� EORRG LQ WKH VWRRO� DEGRPLQDO SDLQ RU PRUH JHQHUDO V\PSWRPV RI

LQIHFWLRQ VXFK DV ZHDNQHVV RU IDWLJXH �*U\VHHOV� ������ 6HYHUDO VWXGLHV VKRZHG D SRVLWLYH

UHODWLRQVKLS EHWZHHQ IUHTXHQF\ DQG VHYHULW\ RI V\PSWRPV DQG LQWHQVLW\ RI LQIHFWLRQ �$UDS

6LRQJRN HW DO�� ����� 6XNZD HW DO�� ������ EXW RWKHUV GLG QRW UHSRUW WKLV �6PLWK HW DO�� �����

*U\VHHOV DQG 1NXOLN\LQND� ������ 3DWKRORJLFDO FKDQJHV LQ WKH OLYHU LQFOXGH SHULSRUWDO

ILEURVLV� DOVR FDOOHG 6\PPHUV
 ILEURVLV �FOD\ SLSHVWHP ILEURVLV�� ZKLFK LV RIWHQ UHYHUVLEOH
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DIWHU DGHTXDWH WUHDWPHQW �'RHKULQJ�6FKZHUGWIHJHU HW DO�� ����� %RLVLHU HW DO�� ������ ,I QRW

WUHDWHG� LW PD\ UHVXOW LQ SRUWDO K\SHUWHQVLRQ GXH WR SK\VLFDO REVWUXFWLRQ RI WKH SRUWDO EORRG

IORZ �VHH 6� PDQVRQL� ODWH SDWKRORJ\ DQG PRUELGLW\�� 8OWUDVRQRJUDSK\ FDQ GHWHFW SHULSRUWDO

ILEURVLV DQG LV DOVR XVHIXO LQ DVVHVVPHQW RI OLYHU DQG VSOHHQ HQODUJHPHQW�

����� /DWH PDQLIHVWDWLRQV RI LQIHFWLRQ

6� KDHPDWRELXP

(JJV GHSRVLWHG LQ WKH WLVVXHV RI WKH XUHWHUV FDQ FDXVH REVWUXFWLYH XURSDWK\� L�H� K\GURXUHWHU

DQG K\GURQHSKURVLV� ZKLFK FDQ EH YLVXDOLVHG E\ XOWUDVRQRJUDSK\� 2QH VWXG\ VKRZHG WKDW

SUHVHQFH RI OHVLRQV ZDV UHODWHG WR WKH LQWHQVLW\ RI LQIHFWLRQ ERWK RQ LQGLYLGXDO DQG

SRSXODWLRQ OHYHO �7UDRUp HW DO�� ����E�� 2EVWUXFWLYH XURSDWK\ FDQ JLYH ULVH WR JUDGXDO

FRPSUHVVLRQ RI WKH NLGQH\ SDUHQFK\PD HYHQWXDOO\ FDXVLQJ QRQ�IXQFWLRQLQJ NLGQH\� 7KH

JORPHUXODU DQG SUR[LPDO WXEXODU IXQFWLRQ RI WKH NLGQH\V PD\ UHPDLQ LQWDFW IRU D ORQJ WLPH

�%URZQLQJ HW DO�� ����� &RRSSDQ HW DO�� ������

7KH HYLGHQFH VXSSRUWLQJ D FDXVDO UHODWLRQVKLS EHWZHHQ LQIHFWLRQ ZLWK 6� KDHPDWRELXP DQG

VTXDPRXV FHOO EODGGHU FDUFLQRPD LV FRQVLGHUDEOH �0RVWDID HW DO�� ������ &KURQLF LUULWDWLRQ

DQG LQIODPPDWLRQ FDXVHG E\ 6� KDHPDWRELXP LQIHFWLRQ LQ WKH EODGGHU FRXOG LQLWLDWH

SUHPDOLJQDQW OHVLRQV RU DFW DV D SURPRWLQJ DJHQW IRU FRQYHUVLRQ RI SUH�PDOLJQDQW OHVLRQV

WR WKH PDOLJQDQW VWDWH� 7KH LQGXFWLRQ RI EODGGHU FDQFHU LQ ODERUDWRU\ DQLPDOV E\ LQIHFWLRQ

ZLWK VFKLVWRVRPHV VXSSRUWV WKLV WKHRU\ �6FKZDUW]� ������

6� PDQVRQL

6HYHUH FOLQLFDO PDQLIHVWDWLRQV RI 6� PDQVRQL LQIHFWLRQ VXFK DV DVFLWLV� KDHPDWHPHVLV� RHGHPD

DQG SHUL�XPELOLFDO YDULFHV� DUH VHHQ LQ D UHODWLYHO\ VPDOO SURSRUWLRQ RI SDWLHQWV ZLWK

SHUVLVWHQW RU KHDY\ LQIHFWLRQV �*U\VHHOV DQG 1NXOLN\LQND� ����� *U\VHHOV� ����� %RLVLHU HW

DO�� ������ 7KHVH V\PSWRPV GHYHORS GXH WR WKH SUH�VLQXVRLGDO REVWUXFWLRQ RI WKH EORRG

IORZ DQG UHVXOWLQJ SRUWDO K\SHUWHQVLRQ� 6RPH SRSXODWLRQV VHHP WR EH PRUH YXOQHUDEOH WR

WKH GHYHORSPHQW RI VHYHUH V\PSWRPV WKDQ RWKHUV �*U\VHHOV� ������ 7KLV FDQ SDUWO\ EH

H[SODLQHG E\ YDU\LQJ LQWHQVLWLHV RI LQIHFWLRQ EXW GLIIHUHQFHV LQ JHQHWLF PDNH�XS RI WKH

SDUDVLWH RU WKH KXPDQ KRVW PD\ DOVR EH UHVSRQVLEOH� 7KH HYLGHQFH LV FRQWURYHUVLDO IRU D

UROH RI 6� PDQVRQL LQIHFWLRQ LQ WKH GHYHORSPHQW RI KHSDWRFHOOXODU FDUFLQRPD �&KHQ DQG

0RWW� ������

����� (FWRSLF PRUELGLW\

6FKLVWRVRPH HJJV DUH DOVR GHWHFWHG RXWVLGH WKH JHQLWRXULQDU\ �6� KDHPDWRELXP� RU JDVWUR�

LQWHVWLQDO �6� PDQVRQL� V\VWHP� )UHTXHQWO\ UHSRUWHG HFWRSLF ORFDWLRQV DUH WKH VNLQ DQG� PRUH

LPSRUWDQWO\� WKH FHQWUDO QHUYRXV V\VWHP� (JJ�LQGXFHG OHVLRQV LQ WKH EUDLQ DUH UHSRUWHG WR

FDXVH HSLOHSV\ �5DSHU� ������ DQG OHVLRQV LQ WKH VSLQDO FRUG PD\ SUHVHQW ZLWK DFXWH

WUDQVYHUVH P\HOLWLV �1RUIUD\ HW DO�� ����� 6XFKHW HW DO�� ������ 'HILQLWH GLDJQRVLV LV GLIILFXOW
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DQG WKHUHIRUH LQFLGHQFH RU SUHYDOHQFH ILJXUHV RI HFWRSLF VFKLVWRVRPLDVLV LQ WKH FHQWUDO

QHUYRXV V\VWHP QRW DYDLODEOH�

����� 6XEWOH PRUELGLW\

,QWXLWLYHO\� VFKLVWRVRPH LQIHFWLRQV ZLOO KDYH DQ LQGLUHFW HIIHFW RQ QXWULWLRQ� JURZWK DQG

SK\VLFDO ILWQHVV GXH WR UHVXOWLQJ GLDUUKRHD� GHFUHDVHG DSSHWLWH RU ORVV RI QXWULHQWV� ,Q UHFHQW

\HDUV� HYLGHQFH IRU D UHODWLRQVKLS EHWZHHQ VFKLVWRVRPH LQIHFWLRQ DQG VXEWOH PRUELGLW\ LV

LQFUHDVLQJ �6WHSKHQVRQ� ����� EXW QRW DOZD\V VXSSRUWLYH �&RUEHWW HW DO�� ����� (NDQHP HW

DO�� ������ 6WXGLHV UHSRUWLQJ D UHODWLRQVKLS EHWZHHQ VFKLVWRVRPH LQIHFWLRQ DQG LPSDLUHG

FRJQLWLYH GHYHORSPHQW DUH UDUH DQG LQFRQFOXVLYH �1RNHV DQG %XQG\� ������


������������

7KH PDLQ FDXVH RI PRUWDOLW\ GXH WR 6� KDHPDWRELXP LQIHFWLRQ LV QRQ�IXQFWLRQLQJ NLGQH\�

IURP REVWUXFWLYH XURSDWK\ �)RUV\WK HW DO�� ����� /HKPDQ HW DO�� ������ 3DWLHQWV ZLWK ELODWHUDO

QRQ�IXQFWLRQLQJ NLGQH\ GHYHORS XUDHPLD� ZKLFK SUHVHQWV ZLWK GLVWXUEDQFHV LQ DOPRVW DOO

RUJDQ V\VWHPV� :LWKRXW D VXFFHVVIXO UHQDO WUDQVSODQWDWLRQ WKH SDWLHQW ZLOO GLH IURP WKH

LPEDODQFHV LQ RQH RU PRUH RI WKHVH V\VWHPV �H�J� PHWDEROLF DFLGRVLV� K\SHU RU

K\SRNDOHPLD�� $OVR� VTXDPRXV FHOO EODGGHU FDUFLQRPD PD\ FRQWULEXWH WR GHDWK DWWULEXWHG

WR 6� KDHPDWRELXP LQIHFWLRQ� 0RUWDOLW\ GXH WR 6� PDQVRQL LQIHFWLRQ FDQ UHVXOW IRUP

KDHPDWHPHVLV� FRU SXOPRQDOH DQG OLYHU IDLOXUH �.ORHW]HO� ������ 7KH RYHUDOO VFKLVWRVRPLDVLV

PRUWDOLW\ UDWH LQ %UD]LO ZDV �������������\HDU LQ ���� �.DW]� ������ $ VWXG\ LQ 6XGDQ� LQ D

SRSXODWLRQ ZLWK ��� SUHYDOHQFH RI LQIHFWLRQ UHSRUWHG D FUXGH PRUWDOLW\ UDWH RI

VFKLVWRVRPLDVLV RI �����������\HDU �.KHLU HW DO�� ������ ,Q D KLJKO\ LQIHFWHG SRSXODWLRQ LQ

8JDQGD ���� SUHYDOHQFH RI LQIHFWLRQ� LW ZDV ������������� RI ZKLFK DW OHDVW ��� ZDV GXH

WR 6� PDQVRQL LQIHFWLRQ� UHVXOWLQJ LQ ������������\HDU �2QJRP DQG %UDGOH\� ������


���������������������������������

����� 'LVWULEXWLRQ

7KH PRVW UHFHQW HVWLPDWHV VKRZ WKDW �� VXE�6DKDUDQ $IULFDQ FRXQWULHV DUH HQGHPLF IRU 6�

KDHPDWRELXP ZLWK DQ HVWLPDWHG DYHUDJH SUHYDOHQFH RI LQIHFWLRQ RI ���� 7KLUW\�HLJKW DUH

HQGHPLF IRU 6� PDQVRQL ZLWK DYHUDJH SUHYDOHQFH RI LQIHFWLRQ RI ��� �%URRNHU HW DO�� ����E�

&KLWVXOR HW DO�� ����� �)LJXUH ����� 2I 1RUWK $IULFDQ FRXQWULHV � DUH HQGHPLF IRU 6�

KDHPDWRELXP DQG � IRU 6� PDQVRQL�

,Q JHQHUDO� WKH � WR �� \HDU DJH�JURXS VKRZV WKH KLJKHVW SUHYDOHQFH DQG LQWHQVLW\ RI

LQIHFWLRQ �*U\VHHOV DQG 3ROGHUPDQ� ����� 6WHOPD HW DO�� ����� 7UDRUp HW DO�� ����D� *X\DWW HW

DO�� ����E�� 7KHUHIRUH� WKLV JURXS DOVR VXIIHUV PRVW IURP GLVHDVH FDXVHG E\ WKH LQIHFWLRQ

�*U\VHHOV DQG 1NXOLN\LQND� ����� 9HVWHU HW DO�� ������ ,W LV VWLOO QRW FOHDU WR ZKDW H[WHQW WKH

KLJK SUHYDOHQFHV DQG LQWHQVLWLHV RI LQIHFWLRQ LQ WKLV DJH JURXS DUH GXH WR GLIIHUHQFHV LQ

ZDWHU FRQWDFW� JUDGXDO GHYHORSPHQW RI LPPXQLW\ RU RWKHU DJH�UHODWHG IDFWRUV� H�J�

KRUPRQHV �%XWWHUZRUWK� ����� *U\VHHOV� ������ 6HYHUH GLVHDVH XVXDOO\ IROORZV DIWHU PDQ\
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\HDUV RI LQIHFWLRQ DQG LV WKHUHIRUH PDLQO\ IRXQG LQ WKH ROGHU DJH JURXSV �%RLVLHU HW DO��

����� .DUGRUII HW DO�� ������

*HQGHU LV JHQHUDOO\ QRW FRQVLGHUHG DQ LPSRUWDQW GHWHUPLQDQW IRU VFKLVWRVRPH LQIHFWLRQ� ,I

D GLIIHUHQFH LV UHSRUWHG EHWZHHQ WKH VH[HV WKHQ ER\V DUH PRUH RIWHQ LQIHFWHG WKDQ JLUOV

�%RLVLHU HW DO�� ����� *X\DWW HW DO�� ����D�� 7KH IHZ VWXGLHV WKDW UHSRUWHG RQ VSHFLILF

RFFXSDWLRQV DV ULVN IDFWRU IRU LQIHFWLRQ REVHUYHG D KLJKHU SUHYDOHQFH LQ RFFXSDWLRQDO

JURXSV ZLWK PRUH LQWHQVLYH ZDWHU FRQWDFW �H�J� ILVKHUPHQ FRPSDUHG WR IDUPHUV� �$EGHO�

:DKDE HW DO�� ����� (O�+DZH\ HW DO�� ������

����� 7KH H[LVWLQJ HVWLPDWHV RI WKH EXUGHQ RI VFKLVWRVRPLDVLV

&XUUHQW HVWLPDWHV RI WKH JOREDO QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ GXH WR LQIHFWLRQ ZLWK

VFKLVWRVRPHV ZHUH EDVHG RQ WKH DVVXPSWLRQ �QRW GHULYHG IURP GDWD� WKDW ��� RI ���

PLOOLRQ LQGLYLGXDOV LQIHFWHG ZLWK VFKLVWRVRPLDVLV KDYH VHYHUH FOLQLFDO GLVHDVH �L�H� ��

PLOOLRQ� DQG WKDW RI WKH UHPDLQLQJ ��� PLOOLRQ ������ DOVR KDYH V\PSWRPV �:+2� ������

0RUH GHWDLOHG HYLGHQFH EDVHG JOREDO PRUELGLW\ ILJXUHV DUH QRW DYDLODEOH� 7KH :+2 *OREDO

%XUGHQ RI 'LVHDVH ,QLWLDWLYH XVHG D VLPSOLVWLF PHWKRG WR HVWLPDWH WKH EXUGHQ RI

VFKLVWRVRPLDVLV �VHH ������� �0XUUD\ DQG /RSH]� ������ $ ORZ GLVDELOLW\ ZHLJKW ������

FRPSDUHG WR ����� IRU D PDODULD HSLVRGH� ZDV DWWULEXWHG WR DOO VFKLVWRVRPH LQIHFWLRQV� )RU

VXE�6DKDUDQ $IULFD� LW ZDV HVWLPDWHG WKDW ��� PLOOLRQ '$/<V �'LVDELOLW\ $GMXVWHG /LIH

<HDUV� VXP RI \HDUV RI OLIH ORVW DQG \HDUV RI OLIH OLYHG ZLWK GLVDELOLW\� DUH ORVW GXH WR

VFKLVWRVRPH LQIHFWLRQ FRPSDUHG WR H�J� �� PLOOLRQ IRU PDODULD� $ IODZ LQ WKLV FDOFXODWLRQ LV

WKDW QRW DOO LQIHFWHG LQGLYLGXDOV ZLOO H[SHULHQFH PRUELGLW\� 2Q WKH RWKHU KDQG� QRW DOO

LQGLYLGXDOV ZLWK VFKLVWRVRPLDVLV�UHODWHG GLVHDVH DUH IRXQG SRVLWLYH DW VWDQGDUG VFUHHQLQJ

�'H 9ODV HW DO�� ����� 8W]LQJHU HW DO�� ������ 0RUHRYHU� LQ WKH *OREDO %XUGHQ RI 'LVHDVH

FDOFXODWLRQV� PRUWDOLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ LV EDVHG RQ ILJXUHV RQO\ LQFOXGLQJ

GHDWK GLUHFWO\ DWWULEXWDEOH WR VFKLVWRVRPLDVLV� 0RVW PRUWDOLW\ FDXVHG E\ VFKLVWRVRPLDVLV ZLOO

EH GXH WR DVSHFLILF V\PSWRPV GHYHORSHG PDQ\ \HDUV DIWHU WKH LQLWLDO LQIHFWLRQ� PDNLQJ LW

GLIILFXOW WR DVFULEH WKHP WR WKH LQIHFWLRQ� ([SHUWV LQ VFKLVWRVRPLDVLV PRUELGLW\ EHOLHYH WKDW

WKH FDOFXODWLRQV RI WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH VLJQLILFDQWO\ XQGHUHVWLPDWH WKH

EXUGHQ RI VFKLVWRVRPLDVLV DQG QHHG UHYLVLRQ �:+2� ������


��� ���	��	����	�	������������������������

������7UHDWPHQW

3UD]LTXDQWHO LV WKH GUXJ RI FKRLFH IRU WUHDWPHQW RI VFKLVWRVRPLDVLV FDXVHG E\ DQ\ RI WKH

KXPDQ VFKLVWRVRPH VSHFLHV �:+2� ������ ,W LV D VDIH VLQJOH GRVH GUXJ� ZKLFK FDQ EH

SUHVFULEHG WR DOO DJH JURXSV DW D GRVH RI �� PJ NJ�� ERG\ ZHLJKW� 7KH GUXJ KDV EHFRPH

VLJQLILFDQWO\ OHVV FRVWO\� DYHUDJH WUHDWPHQW LV QRZ DYDLODEOH IRU OHVV WKDQ ���� 86�� RSHQLQJ

SHUVSHFWLYHV IRU D PRUH JHQHUDOLVHG DFFHVV WR WKH GUXJ �(QJHOV HW DO�� ������ $OWHUQDWLYHV



C H A P T E R  1

��

Prevalence of infection
0 - 9.9
10 - 24.9
25 - 49.9
50 - 100
No data

Countries not surveyed

S. haematobium

Prevalence of infection
0 - 9.9
10 - 24.9
25 - 49.9
50 - 100
No data

Countries not surveyed

S. mansoni

Figure 1.2: Prevalence of S. haematobium and S. mansoni infection by district. With kind permission of Dr.

S. Brooker.
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VXFK DV R[DPQLTXLQH RU PHWULIRQDWH DUH PRUH H[SHQVLYH DQG DFWLYH DJDLQVW RQO\ RQH

VSHFLHV� 6� PDQVRQL DQG 6� KDHPDWRELXP UHVSHFWLYHO\�

3RSXODWLRQ EDVHG FKHPRWKHUDS\ ZLWK SUD]LTXDQWHO LV KLJKO\ HIIHFWLYH LQ UHGXFLQJ

SUHYDOHQFH DQG HVSHFLDOO\ LQWHQVLW\ RI LQIHFWLRQ� KRZHYHU� UH�LQIHFWLRQ UDWHV DUH KLJK �'DER

HW DO�� ����� 1
*RUDQ HW DO�� ����� GXH WR FRQWLQXRXV H[SRVXUH WR LQIHFWHG ZDWHU ERGLHV

�*U\VHHOV DQG 3ROGHUPDQ� ������ 7KHUHIRUH� PRUELGLW\ FRQWURO �DQG QRW LQIHFWLRQ FRQWURO�

LV WKH VWUDWHJ\ HQGRUVHG E\ WKH :+2 ([SHUW &RPPLWWHH �:+2� ������ 6\PSWRPV RI

ERWK LQWHVWLQDO DQG XULQDU\ VFKLVWRVRPLDVLV UHJUHVV SURPSWO\ DIWHU WUHDWPHQW �+DW] HW DO��

����� 'RHKULQJ�6FKZHUGWIHJHU HW DO�� ����� %RLVLHU HW DO�� ������ 5HSHDWHG WUHDWPHQW GXULQJ

FKLOGKRRG LV VXJJHVWHG WR UHGXFH RU GHOD\ WKH ULVN RI GHYHORSPHQW RI VHYHUH XULQDU\ DQG

KHSDWLF PRUELGLW\ �:+2� ������

:LGHVSUHDG XVH RI SUD]LTXDQWHO KDV UDLVHG FRQFHUQ DERXW WKH GHYHORSPHQW RI UHVLVWDQFH

�%URZQ� ����� &LROL� ������ HVSHFLDOO\ DIWHU WKH REVHUYDWLRQ RI YHU\ ORZ FXUH UDWHV LQ D

KLJKO\ HQGHPLF DUHD LQ 1RUWKHUQ 6HQHJDO �*U\VHHOV HW DO�� ����� 6WHOPD HW DO�� ������ 7KLV

LQLWLDWHG VWXGLHV WR H[DPLQH SRVVLEOH UHVLVWDQFH DJDLQVW SUD]LTXDQWHO �5HQJDQDWKDQ DQG

&LROL� ����� *U\VHHOV HW DO�� ����� 'DQVR�$SSLDK DQG 'H 9ODV� ������ %RWK ILHOG DQG

ODERUDWRU\ VWXGLHV FRQFOXGHG WKDW WKHUH LV VR IDU QR FRQYLQFLQJ HYLGHQFH IRU SUD]LTXDQWHO�

UHVLVWDQFH� 7KH ORZ FXUH UDWHV LQ 1RUWKHUQ 6HQHJDO ZHUH DWWULEXWHG WR KLJK LQLWLDO ZRUP

ORDGV DQG LQWHQVH WUDQVPLVVLRQ LQ WKH DUHD� +RZHYHU� WKH VXVSLFLRQ WKDW SUD]LTXDQWHO

UHVLVWDQW�WROHUDQW VFKLVWRVRPHV PLJKW HPHUJH UHTXLUHV SUHSDUHGQHVV WR GHDO DGHTXDWHO\

ZLWK VXFK D VLWXDWLRQ �&LROL� ������

����� 0RUELGLW\ FRQWURO E\ LQWHJUDWLRQ RI DFWLYLWLHV LQ UHJXODU KHDOWK VHUYLFHV

,Q ����� WKH :RUOG +HDOWK 2UJDQL]DWLRQ �:+2� LQWURGXFHG D VWUDWHJ\ WKDW DLPHG DW

VFKLVWRVRPLDVLV PRUELGLW\ FRQWURO �:+2� ������ ,QLWLDOO\� WKH\ DGYRFDWHG D YHUWLFDO

DSSURDFK� L�H� FRPPXQLW\ ZLGH WUHDWPHQW FDPSDLJQV FR�RUGLQDWHG DQG RUJDQLVHG DW WKH

QDWLRQDO OHYHO� 7KH ORQJ�WHUP UHVXOWV ZHUH RIWHQ GLVDSSRLQWLQJ� DQG WKHVH SURJUDPPHV ZHUH

H[SHQVLYH DQG QRW VXVWDLQDEOH DIWHU ZLWKGUDZDO RI H[WHUQDO GRQRU IXQGLQJ �*U\VHHOV� ������

7KH ���� :+2 ([SHUW &RPPLWWHH RQ WKH &RQWURO RI 6FKLVWRVRPLDVLV FDOOHG IRU D PRUH

SURPLQHQW UROH RI WKH UHJXODU 3ULPDU\ +HDOWK &DUH 6\VWHP �:+2� ������ %XLOGLQJ EORFNV

IRU WKLV LQWHJUDWHG FRQWURO ZHUH GHILQHG DV KHDOWK HGXFDWLRQ� GLDJQRVLV DQG WUHDWPHQW�

SURPRWLRQ RI VDIH ZDWHU VXSSO\� VDQLWDWLRQ DQG VQDLO FRQWURO� ,W ZDV� KRZHYHU� HPSKDVLVHG

WKDW WKH ILUVW HVVHQWLDO FRPSRQHQW VKRXOG EH DGHTXDWH FOLQLFDO FDUH IRU SDWLHQWV SUHVHQWLQJ

DW WKH KHDOWK FDUH IDFLOLWLHV �SDVVLYH FDVH GHWHFWLRQ� �(QJHOV HW DO�� ������ 7KLV LV DOVR WKH RQO\

RSWLRQ IRU SDWLHQWV LQ FRXQWULHV ZLWKRXW D �QDWLRQDO� VFKLVWRVRPLDVLV FRQWURO SURJUDPPH�

5HFRPPHQGDWLRQ IRU DFKLHYLQJ DGHTXDWH VFKLVWRVRPLDVLV FDVH PDQDJHPHQW ZHUH �:+2�

������

�� 6\PSWRPDWLF FDVHV VKRXOG EH WUHDWHG ZLWK SUD]LTXDQWHO DW DOO OHYHOV RI WKH KHDOWK FDUH

V\VWHP
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�D� 'LDJQRVWLF WHVWV �H�J� XULQH ILOWUDWLRQ RU FHQWULIXJDWLRQ IRU 6� KDHPDWRELXP DQG .DWR .DW]

IDHFDO VPHDU IRU 6� PDQVRQL� VKRXOG EH XVHG IRU GLDJQRVLV LQ WKH KHDOWK FDUH IDFLOLWLHV ZLWK

GLDJQRVWLF IDFLOLWLHV�

�E� &DVH GHWHFWLRQ VKRXOG EH SHUIRUPHG RQ SUHVHQWLQJ V\PSWRPV �V\PSWRP�EDVHG

WUHDWPHQW� LQ WKH KHDOWK FDUH IDFLOLWLHV ZLWKRXW GLDJQRVWLF IDFLOLWLHV

$SSO\LQJ WKHVH UHFRPPHQGDWLRQV UHTXLUHV VXIILFLHQW NQRZOHGJH E\ WKH KHDOWK ZRUNHUV RI

WKH SUHVHQWLQJ V\PSWRPV RI VFKLVWRVRPLDVLV DQG RI WKH UHFRPPHQGHG WUHDWPHQW�

)XUWKHUPRUH� GLDJQRVWLF PDWHULDOV DQG SUD]LTXDQWHO VKRXOG EH DYDLODEOH� 7KHUH DUH QR

V\VWHPDWLF VWXGLHV DVVHVVLQJ WKH DYDLODELOLW\ RI WKHVH SUHUHTXLVLWHV LQ KHDOWK V\VWHPV LQ

VFKLVWRVRPH HQGHPLF FRXQWULHV� (YDOXDWLRQ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW LV

QHFHVVDU\ WR GHWHUPLQH ZKHWKHU WKLV ILUVW HVVHQWLDO FRPSRQHQW RI LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO LV IXQFWLRQDO LQ FRXQWULHV WKDW DGRSWHG WKLV VWUDWHJ\ DQG ZKDW WKH

VLWXDWLRQ LV FRQFHUQLQJ VFKLVWRVRPDLVLV FRQWURO LQ FRXQWULHV ZLWKRXW D VFKLVWRVRPLDVLV

FRQWURO SURJUDPPH�

����� 6WHSV LQ SDVVLYH FDVH GHWHFWLRQ

(YHQ ZKHQ WKH UHFRPPHQGDWLRQV PHQWLRQHG DERYH IRU LQWHJUDWLRQ RI VFKLVWRVRPLDVLV

FRQWURO LQ WKH 3ULPDU\ +HDOWK &DUH 6\VWHP DUH PHW� PRUELGLW\ FRQWURO E\ SDVVLYH FDVH

GHWHFWLRQ GRHV QRW KDYH WR EH D VXFFHVV� 7KLV FDQ EH HYDOXDWHG LQ PRUH GHWDLO E\ VWXG\LQJ

DOO VWHSV LQ WKH VHULHV LQIHFWLRQ ² SDWKRORJ\ ² GLVHDVH ² KHDOWK FDUH YLVLWLQJ ² WUHDWPHQW �ZLWKLQ WKH

KHDOWK V\VWHP� ² UHGXFWLRQ RI LQIHFWLRQ �)LJXUH �����

Infection

Pathology

Disease

Visit health care

Treatment

Figure 1.3: Steps in passive case detection. With kind permission of Dr. S.J. de Vlas.
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%ULHIO\� LQIHFWLRQ JLYHV ULVH WR WKH GHYHORSPHQW RI HDUO\ PRUELGLW\ WKDW LV VXSSRVHG WR DFW DV

D ZDUQLQJ VLJQ� 7KLV HDUO\ PRUELGLW\ LV WKH PRWLYDWLRQ IRU LQGLYLGXDOV WR VHHN KHDOWK FDUH VR

WKDW VXEVHTXHQW WUHDWPHQW FDQ SUHYHQW GHYHORSPHQW RI FKURQLF GLVHDVH� 6RPH NQRZOHGJH�

DWWLWXGHV DQG SUDFWLFHV VWXGLHV VKRZ WKDW LQGLYLGXDOV LQ HQGHPLF DUHDV VHHP WR EH DZDUH RI

WKH V\PSWRPV RI VFKLVWRVRPLDVLV ZKHQ KDYLQJ WKHP �7D\ORU HW DO�� ����� $U\HHWH\ HW DO��

����� 8VHK DQG (MH]LH� ����� DQG FRQVLGHU WKHP VHULRXV �$PD]LJR HW DO�� ����� 7D\ORU HW DO��

������ 6FKLVWRVRPLDVLV ZDV DOVR UHSRUWHG WR EH SDUW RI OLIH DQG QRW WR QHFHVVLWDWH D YLVLW WR D

KHDOWK FDUH IDFLOLW\ �$VHQVR�2N\HUH HW DO�� ������ ,Q D UHFHQW VWXG\ LQ 6RXWKHUQ *KDQD� RQO\

D PLQRULW\ �������� RI WKH YLOODJHUV ZLWK KDHPDWXULD RU EORRG LQ VWRRO LQ WKH SDVW PRQWK

UHSRUWHG WKDW WKH\ KDG YLVLWHG D KHDOWK FDUH IDFLOLW\� ZKHUHDV PDQ\ PRUH �������� UHSRUWHG

WKDW WKH\ KDG SUDFWLVHG VHOI�PHGLFDWLRQ �'DQVR�$SSLDK HW DO�� ������ 5HSRUWHG UHDVRQV IRU

QRW YLVLWLQJ UHJXODU KHDOWK FDUH IDFLOLWLHV ZHUH PDLQO\ 
QRW KDYH WKH PRQH\ IRU VHHNLQJ

KHDOWK FDUH
 RU 
FRQVLGHULQJ WKH V\PSWRP QRW VHULRXV HQRXJK
� (YHQ LI WKH QH[W VWHS�

WUHDWPHQW RI SDWLHQWV ZLWK VFKLVWRVRPLDVLV V\PSWRPV� LV IXQFWLRQDO� PRUELGLW\ FRQWURO ZLOO

RQO\ EH DFKLHYHG LI LQGLYLGXDOV ZLWK V\PSWRPV UHSRUW DW WKH KHDOWK FDUH IDFLOLW\� )LQDOO\�

SUD]LTXDQWHO VKRXOG FXUH SDWLHQWV IURP WKH GLVHDVH� ,W KDV EHHQ VKRZQ WKDW ERWK V\PSWRPV

FDXVHG E\ 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ DUH UHYHUVLEOH ZKHQ WUHDWHG ZLWK

SUD]LTXDQWHO �6XNZD HW DO�� ����� 3ROGHUPDQ DQG GH &DOXZH� ����� &DPSDJQH HW DO�� ������

����� 2UJDQLVDWLRQ RI WKH KHDOWK FDUH V\VWHP

,Q PRVW $IULFDQ FRXQWULHV� KHDOWK FDUH FDQ EH REWDLQHG IURP WKH WUDGLWLRQDO DQG WKH

RUWKRGR[ �
PRGHUQ
� KHDOWK V\VWHP� 7UDGLWLRQDO KHDOHUV FDQ EH GLYLGHG LQWR WZR PDLQ

FDWHJRULHV� VSLULWXDO KHDOHUV �SULHVW�SULHVWHVV� ZLWFK GRFWRUV� 0RVOHP NRUDQLF WHDFKHUV�

GLYLQHUV� DQG KHUEDOLVWV �<HERDK� ������ 7KH HVVHQWLDO SUDFWLFH RI DOO WUDGLWLRQDO KHDOHUV LV

WKH FRQVWDQW XWLOLVDWLRQ RI PDJLFR�UHOLJRXV DFWV DQG FRQFHSWV �7ZXPDVL DQG %RQVL� ������

0RVW WUDGLWLRQDO KHDOHUV DUH VSHFLDOLVHG LQ WUHDWLQJ RQH WR VHYHUDO GLVHDVHV� PDLQO\ FKURQLF�

QRQ�OLIH WKUHDWHQLQJ GLVHDVHV RI KLJK LQFLGHQFH �,PSHUDWR� ������ (IIHFWLYH WUDGLWLRQDO

WUHDWPHQWV IRU VFKLVWRVRPLDVLV DUH XQNQRZQ� 9LVLWLQJ WKH WUDGLWLRQDO KHDOWK VHFWRU ZLWK

V\PSWRPV FDXVHG E\ VFKLVWRVRPLDVLV ZLOO RQO\ GHOD\ FXUDWLYH WUHDWPHQW IRU VFKLVWRVRPLDVLV�

0RVW KHDOWK VHUYLFHV LQ $IULFD DUH RUJDQLVHG DFFRUGLQJ WR WKH SULPDU\ KHDOWK FDUH SULQFLSOH

�:+2� ������ ,Q WKHVH KHDOWK V\VWHPV� WKH HPSKDVLV LV RQ FRPPXQLW\ SDUWLFLSDWLRQ�

GHFHQWUDOLVDWLRQ RI VHUYLFHV� KDUPRQ\ EHWZHHQ KHDOWK VHUYLFH FKDUDFWHULVWLFV DQG FRXQWU\

UHVRXUFHV� LPSRUWDQFH RI FXOWXUDO DVSHFWV� VHDUFK IRU HTXLW\ DQG LQWHJUDWLRQ RI GLVHDVH

VSHFLILF YHUWLFDO SURJUDPPHV� ,Q SULPDU\ KHDOWK FDUH� WKH ILUVW OHYHO LV GHILQHG DV WKH LQLWLDO

KHDOWK HVWDEOLVKPHQW �QRUPDOO\ KHDOWK FHQWUH RU KHDOWK SRVW� WKDW IRUPV WKH ILUVW SRLQW RI

HQFRXQWHU EHWZHHQ WKH SRSXODWLRQ DQG WKH KHDOWK V\VWHP� +HDOWK FDUH IDFLOLWLHV DW WKLV OHYHO

DUH QRUPDOO\ VWDIIHG ZLWK PHGLFDO DVVLVWDQWV RU QXUVHV� KHOSHG E\ RWKHU SHUVRQQHO VXFK DV

ZDUG DVVLVWDQWV� 7KHLU PDLQ WDVN LV SURYLGLQJ EDVLF SULPDU\ FDUH �FXUDWLYH DQG SUHYHQWLYH�

WR DOO LQGLYLGXDOV LQ WKH FRPPXQLW\ IRU ZKLFK WKH\ DUH UHVSRQVLEOH� 7KLV LQFOXGHV SDWLHQWV

SUHVHQWLQJ ZLWK V\PSWRPV RI HDUO\ VFKLVWRVRPLDVLV LQIHFWLRQ� VXFK DV KDHPDWXULD DQG EORRG

LQ VWRRO� &DVHV WKDW FDQ QRW EH KDQGOHG DW WKH LQLWLDO OHYHO� EHFDXVH WKH\ FDQQRW EH WUHDWHG DV
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RXWSDWLHQWV RU UHTXLUH WHFKQLTXHV QRW DYDLODEOH DW WKH SULPDU\ OHYHO �LQFOXGLQJ SDWLHQWV ZLWK

ORQJ�WHUP FRQVHTXHQFHV RI VFKLVWRVRPLDVLV� VXFK DV NLGQH\ IDLOXUH DQG KDHPDWHPHVLV�� DUH

UHIHUUHG WR WKH VHFRQGDU\ OHYHO� RIWHQ WKH GLVWULFW KRVSLWDO� 7KHVH DUH QRUPDOO\ PDQDJHG E\

D PHGLFDO GRFWRU ZKR LV LQ FKDUJH RI DOO DFWLYLWLHV RFFXUULQJ ZLWKLQ WKH KRVSLWDO� 7KH UROH RI

WKH UHIHUUDO OHYHO LV WR HQVXUH WKH FRQWLQXLW\ RI FXUDWLYH FDUH� )LQDOO\� WKHUH FRXOG EH D

WHUWLDU\ DQG IRXUWK OHYHO DW UHJLRQDO DQG QDWLRQDO OHYHO� K\SHU�VSHFLDOLVHG KRVSLWDOV WKDW KDYH

VRSKLVWLFDWHG HTXLSPHQW DQG IXQFWLRQ DV UHVHDUFK DQG WHDFKLQJ XQLWV� 0RVW FRXQWULHV DOVR

KDYH SULYDWH FOLQLFV UXQ E\ QXUVHV� PHGLFDO DVVLVWDQWV RU GRFWRUV DQG PLVVLRQ FOLQLFV RU

KRVSLWDOV WKDW PD\ SOD\ DQ LPSRUWDQW UROH LQ WKH WRWDO VXSSO\ RI KHDOWK FDUH�

,Q $IULFD� VHOI�PHGLFDWLRQ LV ZLGHVSUHDG DPRQJ DOO FODVVHV RI SHRSOH �$ERVHGH� �����

$VHQVR�2N\HUH HW DO�� ������ ,W LV RIWHQ WKH ILUVW DFWLRQ WDNHQ IRU V\PSWRPV VXFK DV

GLDUUKRHD DQG IHYHU �'DQVR�$SSLDK HW DO�� ������ 'UXJV DUH DYDLODEOH LQ SULYDWH RU

JRYHUQPHQWDO SKDUPDFLHV� RQ WKH PDUNHW RU IURP GUXJ SHGGOHUV �SHUVRQV ZKR WUDYHO IURP

SODFH WR SODFH WR VHOO GUXJV�� $FFHVVLELOLW\ RI SUD]LTXDQWHO LI RIWHQ ORZ� ERWK GXH WR WKH KLJK

SULFH DQG WKH XQDYDLODELOLW\ DW KHDOWK FDUH IDFLOLW\ OHYHO �SHUVRQDO FRPPXQLFDWLRQ %�

*U\VHHOV��

����� 0HDVXULQJ TXDOLW\ RI FDVH PDQDJHPHQW

3DVVLYH GHWHFWLRQ RI VFKLVWRVRPLDVLV FDVHV UHTXLUHV DGHTXDWH KHDOWK ZRUNHU SHUIRUPDQFH

DQG DYDLODELOLW\ RI SUH�UHTXLVLWHV IRU FDVH PDQDJHPHQW LQ KHDOWK FDUH IDFLOLWLHV� 7KHVH

FRPSRQHQWV KDYH QHYHU EHHQ VWXGLHG IRU VFKLVWRVRPLDVLV FDVH PDQDJHPHQW� +RZHYHU�

YDOXDEOH PHWKRGV KDYH EHHQ GHYHORSHG IRU VWXG\LQJ FDVH PDQDJHPHQW RI RWKHU GLVHDVHV�

7KH PRVW VWUDLJKWIRUZDUG PHWKRG LV GLUHFW REVHUYDWLRQ RI KHDOWK FDUH SURYLGHU � SDWLHQW

FRQWDFWV� )RU H[DPSOH� D VWXG\ LQ .HQ\D HYDOXDWLQJ TXDOLW\ RI VH[XDOO\ WUDQVPLWWHG GLVHDVH

�67'� FDVH PDQDJHPHQW IRXQG WKDW �� WR ��� RI WKH REVHUYHG KHDOWK FDUH SURYLGHUV

FRUUHFWO\ DSSOLHG WKH :+2 UHFRPPHQGDWLRQV IRU 67' FDUH �9RHWHQ HW DO�� ������

2EVHUYDWLRQV RI FRQWDFWV EHWZHHQ KHDOWK ZRUNHUV DQG FKLOGUHQ ZLWK GLDUUKRHD UHYHDOHG

WKDW KLVWRU\ WDNLQJ ZDV DGHTXDWH LQ ������ RI WKH HQFRXQWHUV DQG 2UDO 5HK\GUDWLRQ

7KHUDS\ DGYLVHG E\ PRUH WKDQ ��� RI WKH KHDOWK ZRUNHUV LQ 3DNLVWDQ �1L]DPL HW DO�� �����

DQG E\ ��� LQ D VWXG\ LQ 0R]DPELTXH �&XWWV HW DO�� ������ 0DODULD FDVHV ZHUH FRUUHFWO\

GLDJQRVHG E\ DERXW ��� RI WKH KHDOWK ZRUNHUV LQ VRXWK�HDVWHUQ 7DQ]DQLD� ��� RI WKH

FRQILUPHG PDODULD FDVHV GLG QRW UHFHLYH DQWLPDODULDO WUHDWPHQW �)RQW HW DO�� ������

2EVHUYDWLRQ VWXGLHV JLYH GHWDLOHG LQIRUPDWLRQ DERXW KHDOWK FDUH SURYLGHU � SDWLHQW FRQWDFWV

�%HUDFRFKHD HW DO�� ������ EXW KLJK FRVWV DQG WKH IDFW WKDW LW LV WLPH�FRQVXPLQJ DUH

GLVDGYDQWDJHV RI WKLV PHWKRG� ,W LV DOVR SURQH WR ELDV GXH WR FKDQJHV LQ EHKDYLRXU RI

KHDOWK ZRUNHUV LQ WKH SUHVHQFH RI REVHUYHUV �%pULD HW DO�� ����� %HXOOHQV HW DO�� ������

$QRWKHU IUHTXHQWO\ DSSOLHG PHWKRG IRU VWXG\LQJ FDVH PDQDJHPHQW LV WKH H[DPLQDWLRQ RI

PHGLFDO FKDUWV� 7KLV GRHV QRW JLYH GHWDLOHG LQIRUPDWLRQ DERXW WKH FDVH PDQDJHPHQW

SURFHVV DQG LV RIWHQ KDPSHUHG E\ SRRUO\ UHFRUGHG FULWLFDO LQIRUPDWLRQ �H�J� RQO\ WKH

GLDJQRVLV LV ZULWWHQ GRZQ DQG QRW WKH SUHVHQWLQJ V\PSWRPV� �%HXOOHQV HW DO�� ������ ,Q D
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VWXG\ RI WKH FOLQLFDO PDQDJHPHQW RI PDODULD� DERXW KDOI RI WKH SDWLHQWV UHFHLYHG WUHDWPHQW

ZLWKRXW D GLDJQRVLV EHLQJ UHFRUGHG RQ WKH SDWLHQW FKDUW �2IRUL�$GMHL DQG $UKLQIXO� ������

7KH XVH RI VLPXODWHG RU VWDQGDUGLVHG SDWLHQWV GRHV QRW KDYH WKHVH GUDZEDFNV� 'HWDLOHG

FRPSOHWH LQIRUPDWLRQ FDQ EH FROOHFWHG ZLWKRXW LQIOXHQFLQJ WKH KHDOWK FDUH SURYLGHU �

SDWLHQW FRQWDFW �%HXOOHQV HW DO�� ������ 6WXGLHV XVLQJ ERWK VLPXODWHG SDWLHQWV DQG D ZULWWHQ

TXHVWLRQQDLUH VKRZHG WKDW WKH UHVXOWV REWDLQHG E\ WKH TXHVWLRQQDLUH LQFOXGHG PRUH

VXSHUIOXRXV DFWLRQV ZKLFK KDG EHHQ FRQVLGHUHG XQQHFHVVDU\ DFFRUGLQJ WR DQ H[LVWLQJ

FRQVHQVXV VWDQGDUG �5HWKDQV DQG YDQ %RYHQ� ������ 'LVDGYDQWDJHV RI XVLQJ VLPXODWHG

SDWLHQWV DUH WKDW LW UHTXLUHV H[WHQVLYH WUDLQLQJ RI YROXQWHHUV LQ VLPXODWLQJ GLVHDVHV

�:RRGZDUG HW DO�� ������ )XUWKHUPRUH� QRW DOO KHDOWK ZRUNHUV DUH HDJHU WR SDUWLFLSDWH LQ

WKHVH NLQG RI VWXGLHV EHFDXVH WKH\ VRPHWLPHV FRQVLGHU WKHP LQWUXVLYH �5HWKDQV DQG YDQ

%RYHQ� ����D�� $ PHWKRG XVHG E\ RQH VWXG\ ZDV WKH SUHVHQWDWLRQ RI FOLQLFDO VFHQDULRV IRU

DVVHVVLQJ W\SLFDO FDVH PDQDJHPHQW �2IRUL�$GMHL DQG $UKLQIXO� ������ 7KH REWDLQHG UHVXOWV

ZHUH FRPSDUDEOH WR WKRVH RI WKH PHGLFDO FKDUW DXGLW�

,W LV FOHDU WKDW DOO PHWKRGV IRU PHDVXULQJ TXDOLW\ RI KHDOWK FDUH KDYH DGYDQWDJHV DQG

GLVDGYDQWDJHV� 7KH PRVW DGHTXDWH PHWKRG GHSHQGV RQ WKH UHVHDUFK TXHVWLRQ� GHVLUHG

RXWFRPH DQG WKH DYDLODEOH WLPH DQG PHDQV� ,Q RXU VWXG\ LQ *KDQD� WKH XVH RI WKH

VLPXODWHG SDWLHQWV ZDV UHMHFWHG EHFDXVH WKH PHGLFDO GRFWRUV ZRXOG FRQVLGHU LW RIIHQVLYH

DQG PHUHO\ D WHVW RI WKHLU FRPSHWHQFH� $V WKH REVHUYDWLRQ PHWKRG ZRXOG RQO\ DOORZ XV WR

VWXG\ D OLPLWHG QXPEHU RI KHDOWK FDUH IDFLOLWLHV GXH WR SHUVRQQHO DQG WLPH FRQVWUDLQWV DQG

SRVHG RWKHU GLVDGYDQWDJHV� ZH FKRVH WR SUHVHQW FOLQLFDO VFHQDULRV WR WKH KHDOWK ZRUNHUV LQ

GLIIHUHQW W\SHV RI KHDOWK FDUH IDFLOLWLHV�

���������	
���
���
���

&XUUHQW HVWLPDWHV RI WKH *OREDO %XUGHQ RI VFKLVWRVRPLDVLV ODFN GHWDLO DQG SUHFLVLRQ�

([SHUWV LQ VFKLVWRVRPLDVLV PRUELGLW\ EHOLHYH WKDW WKH WRWDO EXUGHQ RI VFKLVWRVRPLDVLV KDV

VLJQLILFDQWO\ EHHQ XQGHUHVWLPDWHG E\ WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH� 2XU ILUVW

DLP LV WR GHWHUPLQH PRUH DFFXUDWH HVWLPDWHV RI GLVHDVH DQG GHDWK GXH WR VFKLVWRVRPLDVLV�

0RUELGLW\ FRQWURO LV WKH PDLQ JRDO RI PRVW LQLWLDWLYHV WR FRQWURO VFKLVWRVRPLDVLV�

$FFRUGLQJ WR :+2 UHFRPPHQGDWLRQV WKLV VKRXOG EH LQWHJUDWHG LQ WKH 3ULPDU\ +HDOWK

&DUH V\VWHP ZLWK DW OHDVW DGHTXDWH GLDJQRVLV DQG WUHDWPHQW RI SDWLHQWV UHSRUWLQJ ZLWK

V\PSWRPV RI VFKLVWRVRPLDVLV DW WKH KHDOWK V\VWHP� 2XU VHFRQG DLP LV WR H[SORUH WKH

TXDOLW\ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW DQG WR GHWHUPLQH WKH SUREDELOLW\ WKDW SDWLHQWV

ZLWK V\PSWRPV IURP 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ WKDW UHSRUW DW WKH KHDOWK V\VWHP

UHFHLYH DGHTXDWH WUHDWPHQW�

����������
�	
���
���
���

7KLV WKHVLV FRQVLVWV RI WZR SDUWV� 3DUW , GHDOV ZLWK WKH ILUVW DQG 3DUW ,, ZLWK WKH VHFRQG DLP�

,Q 3DUW ,� ZH SUHVHQW D PHWKRG WR DVVRFLDWH SRSXODWLRQ SUHYDOHQFHV RI VFKLVWRVRPH

LQIHFWLRQ DQG UHVXOWLQJ PRUELGLW\ �&KDSWHU ��� 5HVXOWV ZHUH SURYLGHG IRU 6� PDQVRQL�
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$VVRFLDWLRQV EHWZHHQ 6� KDHPDWRELXP LQIHFWLRQ DQG PRUELGLW\ ZHUH HVWLPDWHG LQ &KDSWHU ��

,Q ERWK FKDSWHUV� ZH DOVR VWXGLHG WKH HIIHFW RI GHWHUPLQDQWV VXFK DV VWXG\ VHWWLQJ �FKLOGUHQ

YV� FRPPXQLWLHV� DQG JHRJUDSKLFDO DUHD �1RUWK� :HVW DQG (DVW $IULFD� RQ WKH DVVRFLDWLRQV�

7KH HIIHFW RI UHFDOO SHULRG OHQJWK RQ WKH DVVRFLDWLRQ RI 6� KDHPDWRELXP LQIHFWLRQ ZLWK

SUHYDOHQFH RI VHOI�UHSRUWHG KDHPDWXULD GHWHUPLQHG E\ TXHVWLRQQDLUHV ZDV DVVHVVHG LQ

&KDSWHU �� )LQDOO\� LQ &KDSWHU �� ZH HVWLPDWHG WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\

GXH WR VFKLVWRVRPH LQIHFWLRQ EDVHG RQ WKH DVVRFLDWLRQV GHWHUPLQHG LQ &KDSWHUV � DQG ��

FRXQWU\ SUHYDOHQFHV RI LQIHFWLRQ GHULYHG IURP *HRJUDSKLF ,QIRUPDWLRQ 6\VWHPV �*,6� DQG

RWKHU VRXUFHV� DQG WDNLQJ LQWR DFFRXQW KHWHURJHQHLW\ RI FRPPXQLW\ SUHYDOHQFHV ZLWKLQ

FRXQWULHV�

,Q 3DUW ,, RI WKH WKHVLV� ZH SUHVHQW WKH UHVXOWV RI LQWHUYLHZV RI KHDOWK ZRUNHUV HPSOR\HG DW

GLIIHUHQW OHYHOV RI WKH KHDOWK V\VWHPV LQ *KDQD� 0DOL DQG 6HQHJDO �&KDSWHUV �� � DQG ��� ,Q

SDUWLFXODU� ZH DVVHVVHG ZKHWKHU WKH PDLQ SUHUHTXLVLWHV IRU GLDJQRVLV DQG WUHDWPHQW RI

VFKLVWRVRPLDVLV SDWLHQWV ZHUH DYDLODEOH LQ WKH KHDOWK FDUH IDFLOLWLHV� NQRZOHGJH RI WKH

SUHVHQWLQJ V\PSWRPV DQG UHFRPPHQGHG WUHDWPHQW DQG DYDLODELOLW\ RI GLDJQRVWLF PDWHULDOV

DQG GUXJV� 7KH ILQGLQJV ZHUH UHODWHG WR WKH REMHFWLYHV RI �QDWLRQDO� VFKLVWRVRPLDVLV FRQWURO

SURJUDPPHV RU WR WKH :+2 UHFRPPHQGDWLRQV IRU SDVVLYH FDVH GHWHFWLRQ� ,Q &KDSWHU ��

ZH VWXGLHG VFKLVWRVRPLDVLV FDVH PDQDJHPHQW E\ SUHVHQWLQJ IRXU FOLQLFDO VFHQDULRV� WZR

SUHVHQWLQJ ZLWK V\PSWRPV FRPSDWLEOH ZLWK 6� KDHPDWRELXP DQG WZR ZLWK V\PSWRPV

FRPSDWLEOH ZLWK 6� PDQVRQL LQIHFWLRQ� WR KHDOWK ZRUNHUV LQ *KDQD DQG 0DOL�

,Q &KDSWHU ��� ZH GLVFXVVHG RXU FKRLFHV� H�J� WKH XVHG HTXDWLRQ DQG WKH GHJUHH RI

KHWHURJHQHLW\ DQG WKH FRQVHTXHQFHV RI WKHVH FKRLFHV IRU WKH HVWLPDWHG PRUELGLW\� :H DOVR

DWWHPSWHG WR UH�FDOFXODWH WKH EXUGHQ RI VFKLVWRVRPLDVLV DQG FRPSDUHG RXU HVWLPDWHV ZLWK

WKRVH RI WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH� ,Q WKLV FKDSWHU ZH DOVR FRPSDUHG� WKH

TXDOLW\ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW LQ WKH WKUHH FRXQWULHV DQG GLVFXVVHG

GLIIHUHQFHV EHWZHHQ WKH FRXQWULHV DQG WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI SDVVLYH FDVH

GHWHFWLRQ�
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9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� /RRPDQ� &� :� 1�� 1DJHONHUNH� 1� -� '�� +DEEHPD� -�

'� )� DQG (QJHOV� '� ������� $VVRFLDWLQJ FRPPXQLW\ SUHYDOHQFH RI 6FKLVWRVRPD PDQVRQL

LQIHFWLRQ ZLWK SUHYDOHQFH RI VLJQV DQG V\PSWRPV� $FWD 7URSLFD� ��� �������
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,QIRUPDWLRQ RQ WKH SUHYDOHQFH RI PRUELGLW\ LV QHHGHG IRU UH�FDOFXODWLRQ RI WKH *OREDO

%XUGHQ RI 'LVHDVH �:+2� GXH WR 6FKLVWRVRPD PDQVRQL� 7KLV VWXG\ SUHVHQWV D VWDWLVWLFDO

DVVRFLDWLRQ ZKLFK FDQ EH XVHG WR SUHGLFW WKH SUHYDOHQFH RI PRUELGLW\ IURP WKH SUHYDOHQFH

RI 6� PDQVRQL LQ D FRPPXQLW\� :H FROOHFWHG GDWD IURP ILHOG VWXGLHV UHSRUWLQJ SUHYDOHQFH RI

LQIHFWLRQ DQG SUHYDOHQFH RI PRUELGLW\� 'DWD RQ LQIHFWLRQ SUHYDOHQFH ZHUH VWDQGDUGLVHG WR D

GHIDXOW GLDJQRVWLF VHQVLWLYLW\ �L�H� .DWR�.DW] WHFKQLTXH ���� PJ�� 7KH GDWD ZHUH GHVFULEHG

E\ DQ H[SUHVVLRQ UHODWHG WR ORJLVWLF UHJUHVVLRQ�

:H GHWHUPLQHG DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI HDUO\

PRUELGLW\ �GLDUUKRHD� EORRG LQ VWRRO DQG DEGRPLQDO SDLQ�� KHSDWRVSOHQLF PRUELGLW\ DQG ODWH

PRUELGLW\ �KDHPDWHPHVLV DQG DVFLWLV�� 'LDUUKRHD DQG EORRG LQ VWRRO GXH WR 6� PDQVRQL

LQIHFWLRQ PDLQO\ RFFXUV LQ FRPPXQLWLHV ZLWK D KLJK SUHYDOHQFH RI LQIHFWLRQ� $Q LQIOXHQFH

RQ KHSDWRVSOHQLF PRUELGLW\ LV DOUHDG\ SUHVHQW DW ORZ FRPPXQLW\ SUHYDOHQFH RI LQIHFWLRQ�

)RU WKH DVSHFLILF V\PSWRP DEGRPLQDO SDLQ ZH GLG QRW ILQG DQ DVVRFLDWLRQ�
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$Q HVWLPDWHG ��� PLOOLRQ LQGLYLGXDOV DUH LQIHFWHG ZLWK VFKLVWRVRPHV LQ $IULFD �%URRNHU HW

DO�� ����E�� 6FKLVWRVRPLDVLV ZDV UDQNHG �� LQ WKH OLVW RI FDXVHV RI 'LVDELOLW\ $GMXVWHG /LIH

<HDUV �'$/<V� IRU WKH ZRUOG �0XUUD\ DQG /RSH]� ������'$/< LV D WLPH�EDVHG KHDOWK�

RXWFRPH PHDVXUH WKDW LQFOXGHV ZHLJKWV IRU WLPH VSHQW LQ OHVV�WKDQ�SHUIHFW KHDOWK� LW LV WKH

VXP RI \HDUV RI OLIH ORVW DQG \HDUV RI OLIH OLYHG ZLWK GLVDELOLW\ �0XUUD\ DQG /RSH]� ����D���

7KLV UDQNLQJ ZDV EDVHG RQ SUHYDOHQFH GDWD RI VFKLVWRVRPH LQIHFWLRQ� ZKLFK ZDV DVVLJQHG D

GLVDELOLW\ ZHLJKW� ,Q RUGHU WR EHWWHU GHWHUPLQH WKH \HDUV OLYHG ZLWK GLVDELOLW\� ZH FRQVLGHU LW

PRUH DSSURSULDWH WR HVWLPDWH WKH QXPEHU RI LQGLYLGXDOV ZLWK VLJQV DQG V\PSWRPV FDXVHG

E\ LQIHFWLRQ ZLWK VFKLVWRVRPHV DQG WR DOORFDWH D GLVDELOLW\ ZHLJKW WR HDFK VSHFLILF VLJQ RU

V\PSWRP�

,QIHFWLRQ ZLWK 6FKLVWRVRPD PDQVRQL UHVXOWV LQ QRQ�VSHFLILF VLJQV DQG V\PSWRPV� ZKLFK FDQ

DOVR EH FDXVHG E\ VHYHUDO RWKHU GLVHDVHV� 7KHUHIRUH� LW LV LQWHUHVWLQJ WR GHWHUPLQH WKH

SUHYDOHQFH RI PRUELGLW\ GXH WR 6� PDQVRQL� :H KDYH DJJUHJDWHG GDWD RI 6� PDQVRQL PRUELGLW\

DQG LGHQWLILHG DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI PRUELGLW\

WDNLQJ LQWR DFFRXQW D EDVHOLQH OHYHO RI PRUELGLW\ DWWULEXWDEOH WR RWKHU FDXVHV� 7KH UHVXOWV

ZHUH XVHG WR HVWLPDWH WKH QXPEHU RI PRUELGLW\ FDVHV FDXVHG E\ 6� PDQVRQL LQIHFWLRQ LQ D

FRPPXQLW\�


�����


,GHQWLILFDWLRQ RI VLJQV DQG V\PSWRPV RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ DQG GDWD FROOHFWLRQ

7KH GHILQLWLRQ RI PRUELGLW\ XVHG LQ WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH LV 
FRQGLWLRQ

ZKLFK FDXVHV ORVV RI ZHOIDUH
� :H LGHQWLILHG VLJQV DQG V\PSWRPV FDXVHG E\ LQIHFWLRQ ZLWK

6� PDQVRQL IURP WKH OLWHUDWXUH �&KHQ DQG 0RWW� ����� -RUGDQ HW DO�� ������ 7KH LQIRUPDWLRQ

ZDV XVHG WR SUHSDUH D OLVW RI PDMRU VLJQV DQG V\PSWRPV� 7KLV ZDV SUHVHQWHG WR H[SHUWV LQ

VFKLVWRVRPLDVLV PRUELGLW\ DQG UHYLVHG IROORZLQJ GLVFXVVLRQV�

:H VHDUFKHG 3XEPHG �8QLWHG 6WDWHV� 1DWLRQDO /LEUDU\ RI 0HGLFLQH� WR LGHQWLI\ DOO

SXEOLVKHG DUWLFOHV UHSRUWLQJ ILHOG VWXGLHV LQ XQVHOHFWHG VWXG\ SRSXODWLRQV RQ 6� PDQVRQL

LQIHFWLRQ DQG PRUELGLW\� 7KH UHIHUHQFHV RI WKH FROOHFWHG DUWLFOHV ZHUH FKHFNHG IRU

DGGLWLRQDO DUWLFOHV�

4XDQWLWDWLYH LQIRUPDWLRQ DERXW SUHYDOHQFHV RI 6� PDQVRQL LQIHFWLRQ DQG PRUELGLW\ ZDV

VWRUHG LQ D FRPPRQ GDWDEDVH� 2QO\ GDWD FROOHFWHG EHIRUH WUHDWPHQW ZHUH LQFOXGHG�

5HODWLQJ PRUELGLW\ WR LQIHFWLRQ

,Q RXU DQDO\VLV ZH UHODWHG SUHYDOHQFH RI PRUELGLW\ �\�D[LV� WR SUHYDOHQFH RI LQIHFWLRQ �[�

D[LV� RQ SRSXODWLRQ OHYHO� 7KH PRUELGLW\ LQ ORZ SUHYDOHQFH FRPPXQLWLHV WKHQ JLYHV

LQIRUPDWLRQ RQ D SRVVLEOH EDVH�OLQH PRUELGLW\ GXH WR RWKHU FDXVHV�
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$Q H[SUHVVLRQ UHODWHG WR WKH ORJLVWLF UHJUHVVLRQ FXUYH� PHHWLQJ WKH IROORZLQJ UHTXLUHPHQWV

ZDV XVHG�

�� WKH SRVVLELOLW\ RI D EDVHOLQH PRUELGLW\ GXH WR RWKHU FDXVHV� GHILQHG E\ SDUDPHWHU D �D ≥
����

�� D KRUL]RQWDO VWDUW RI WKH FXUYH DW [  � DQG \  D� VR ILUVW GHULYDWLYH  ��� LQ ���D�

�� WKH FXUYH VKRXOG ULVH PRQRWRQRXVO\ DQG EH DEOH WR ILQDOO\ �EXW QRW QHFHVVDULO\� UHDFK D

SUHYDOHQFH RI PRUELGLW\ RI ���

�� WKH FXUYH VKRXOG VKRZ D ELRORJLFDOO\ UHDOLVWLF DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI

LQIHFWLRQ DQG SUHYDOHQFH RI PRUELGLW\� VR QR VWHHS LQFUHDVH EHIRUH [  ��� DQG

WKHUHDIWHU D OHYHOOLQJ RII� $ UHDOLVWLF SRLQW RI LQIOHFWLRQ �ZKHUH WKH FXUYH LV VWHHSHVW� VR

VHFRQG GHULYDWLYH HTXDOV ���� VKRXOG XVXDOO\ EH RQ WKH ULJKW�KDQG VLGH RI SUHYDOHQFH [

 ���� 7KLV FRQGLWLRQ IRUFHV D KRUL]RQWDO VWDUW RI WKH FXUYH� SUHFOXGLQJ VXEVWDQWLDO

PRUELGLW\ DW ORZ SUHYDOHQFH RI LQIHFWLRQ

$Q\ HTXDWLRQ \  D � �� ² D� H[S�I
[
���� � H[S�I

[
��  �D � H[S�I

[
����� � H[S�I

[
�� FRYHUV WKH

DUHD EHWZHHQ D �EDVH�OLQH PRUELGLW\� DQG �� ,Q ORJLVWLF UHJUHVVLRQ I
[
LV WKH OLQHDU SUHGLFWRU�

H�J� I
[
 % � &[� 'XH WR UHTXLUHPHQW �� ZH KDYH XVHG I

[
 % � & ORJ [ �& ! ��� 7KH

UHVXOWLQJ HTXDWLRQ \  �D � H[S �%� [&� � �� � H[S �%� [&� KDV D GHULYDWLYH RI \
  � ZKHQ [

→ ��

%\ UHSODFLQJ H[S�%� ZLWK E �E ! �� DQG & ZLWK F �F !�� RQH REWDLQV WKH IROORZLQJ

UHODWLRQVKLS EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ [ DQG SUHYDOHQFH RI PRUELGLW\ \�

\  �D � E[
F���� � E[

F� ���

:H XVHG 6\VWDW �YHUVLRQ ���� ����� WR HVWLPDWH WKH YDOXHV RI SDUDPHWHUV D� E DQG F E\ ILWWLQJ

WKH HTXDWLRQ WR DOO Q GDWD SRLQWV� DVVXPLQJ D ELQRPLDO GLVWULEXWLRQ DQG DVVLJQLQJ HDFK GDWD

SRLQW L �L  �� «� Q� HTXDO ZHLJKW� 7KH ODWWHU DVVXPSWLRQ ZDV PRWLYDWHG E\ WKH IDFW WKDW

PRUELGLW\ �\� LV GHWHUPLQHG E\ PDQ\ PRUH IDFWRUV �H�J� WKH FRPPXQLW\ EDVH�OLQH PRUELGLW\�

WKDQ VKHHU SRSXODWLRQ VL]H� 7KXV� ZH PD[LPLVHG WKH ORJ�OLNHOLKRRG

∑L \L ORJ�kL� � �� ² \L� ORJ�� ² kL� ���

ZKHUH \
L
LV WKH REVHUYHG SUHYDOHQFH RI SDWKRORJ\�PRUELGLW\ DQG k

L
LV WKH SUHGLFWHG

SUHYDOHQFH RI SDWKRORJ\�PRUELGLW\ IURP (TXDWLRQ �� JLYHQ SUHYDOHQFH RI LQIHFWLRQ [�

:KHQ FRQGLWLRQ � ZDV QRW PHW� ZH FKRVH DQ DOWHUQDWLYH WZR SDUDPHWHU FXUYH �ZKLFK LV D

VSHFLDO FDVH RI VWDQGDUG HTXDWLRQ \  �D � E[
F���� � E[

F�� ZLWK SRLQW RI LQIOHFWLRQ DW ���
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LQIO
 ��F ² ���� E�F � �����F  ��� ���
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:H SUHVHQW D� E DQG F IRU WKH EHVW ILWWLQJ VWDQGDUG FXUYH� LI DSSOLFDEOH �VHH SRLQW � DERYH��

,I WKH SRLQW RI LQIOHFWLRQ LV FKRVHQ DW ���� E LV SUHVHQWHG DV E����

3UHYDOHQFH GDWD IURP HDFK UHSRUWHG FRPPXQLW\ RU VFKRRO ZHUH LQFOXGHG DV LQGHSHQGHQW

GDWD SRLQWV� 7KHUHIRUH� HDFK VWXG\ FRXOG FRQWULEXWH PXOWLSOH GDWD SRLQWV� :H ILUVW

GHWHUPLQHG ZKHWKHU WKHUH ZDV HYLGHQFH IRU D GLIIHUHQW DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI

LQIHFWLRQ DQG PRUELGLW\ IRU FKLOGUHQ DQG DGXOWV� ,I WKH GDWD GLG QRW VXJJHVW D GLIIHUHQW

DVVRFLDWLRQ WKHQ GDWD IRU FKLOGUHQ DQG DGXOWV ZHUH DJJUHJDWHG WR FRPPXQLW\ SUHYDOHQFH

GDWD�

)URP WKH ILWWHG H[SUHVVLRQ� WKH FXUYH ZLWK D  � �QR EDVHOLQH�

\  E[
F��� � E[

F�� ���

RU LWV DOWHUQDWLYH ZLWK E  E���  �F ² ����F � �� ZDV VXEVHTXHQWO\ XVHG WR PDNH SUHGLFWLRQV

IRU DQ\ FRPPXQLW\ RQ WKH PRUELGLW\ SRWHQWLDOO\ GXH WR 6� PDQVRQL LQIHFWLRQ�

6WDQGDUGLVDWLRQ RI SUHYDOHQFH RI LQIHFWLRQ

,Q ILHOG VWXGLHV� WKH SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ LV FRPPRQO\ GHWHUPLQHG IURP VWRRO

VDPSOHV� 7KH TXDQWLW\ RI VWRRO H[DPLQHG GLIIHUV EHWZHHQ VWXGLHV� 6WXGLHV H[DPLQLQJ ODUJH

TXDQWLWLHV RI VWRRO �PRUH VHQVLWLYH WHFKQLTXH� ILQG PRUH LQGLYLGXDOV SRVLWLYH IRU 6� PDQVRQL�

/HVV VHQVLWLYH WHFKQLTXHV OHDYH �PDQ\� LQGLYLGXDOV ZLWK �OLJKW� LQIHFWLRQ XQGHWHFWHG� :H

VWDQGDUGLVHG WKH UHSRUWHG SUHYDOHQFHV DFFRUGLQJ WR WKH H[SHFWHG RXWFRPH RI D GHIDXOW

GLDJQRVWLF WHFKQLTXH �L�H� D VLQJOH ���� PJ .DWR�.DW] IDHFDO VDPSOH� WR EH DEOH WR FRPSDUH

SUHYDOHQFHV REWDLQHG E\ WKH H[DPLQDWLRQ RI GLIIHUHQW TXDQWLWLHV RI VWRRO�

&DOFXODWLRQ RI VWDQGDUGLVHG SUHYDOHQFHV KDV EHHQ GRQH E\ XVLQJ DQ H[LVWLQJ PRGHO IRU 6�

PDQVRQL HJJ FRXQW YDULDWLRQ �'H 9ODV HW DO�� ������ 7KLV PRGHO DVVXPHV UHSHDWHG LQGLYLGXDO

HJJ FRXQWV WR UHIOHFW DQ XQGHUO\LQJ GLVWULEXWLRQ RI ZRUP �SDLU� EXUGHQV� 7KH QXPEHU RI

ZRUPV LV DVVXPHG WR IROORZ D QHJDWLYH ELQRPLDO GLVWULEXWLRQ 1HJ%LQ �0� N� ZLWK PHDQ ZRUP

ORDG0 DQG DJJUHJDWLRQ SDUDPHWHU N� 7KH GLVWULEXWLRQ RI ZRUP SDLUV [ LV WKH UHVXOW RI DSSO\LQJ
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D PDWLQJ SURFHVV WR WKH GLVWULEXWLRQ RI ZRUPV� DVVXPLQJ D UDWLR RI PDOH WR IHPDOH ZRUPV RI

����

7KH IDHFDO HJJ FRXQWV IRU D JLYHQ QXPEHU RI ZRUPV IROORZ D QHJDWLYH ELQRPLDO GLVWULEXWLRQ

1HJ%LQ �I
[
�U� ZLWK PHDQ HJJ FRXQWV EHLQJ SURSRUWLRQDO I

[
 K[ WR WKH QXPEHU RI ZRUP SDLUV

QXPEHU [� DQG DQ DJJUHJDWLRQ SDUDPHWHU U� 3DUDPHWHU K UHODWHV ZRUP SDLU EXUGHQV WR WKH

H[SHFWHG QXPEHU RI HJJV DQG WKHUHIRUH GHSHQGV RQ WKH WRWDO DPRXQW RI VWRRO H[DPLQHG �K  

����� WLPHV WKH DPRXQW RI VWRRO LQ PJ�� 6R IRU WKH GHIDXOW� K  ����� ��� PJ RI VWRRO��

7KH YDOXH RI U LV GHWHUPLQHG E\ WZR FRPSRQHQWV RI DJJUHJDWLRQ� U� GHSHQGV RQ WKH QXPEHU RI

VSHFLPHQV DQG WKH GXUDWLRQ EHWZHHQ VXFFHVVLYH PHDVXUHPHQWV DQG KDV EHHQ HVWLPDWHG DW ����

WLPHV WKH QXPEHU RI VSHFLPHQV IRU DERXW PRQWK�WR�PRQWK YDULDWLRQ LQ 6� PDQVRQL� U� GHSHQGV

RQ WKH WRWDO DPRXQW RI VWRRO H[DPLQHG DQG KDV EHHQ HVWLPDWHG DW ������ WLPHV WKH DPRXQW RI

VWRRO LQ PJ� VR WKDW H�J� U�  ���� IRU ���� PJ VWRRO VDPSOHV� 7KH RYHUDOO DJJUHJDWLRQ

SDUDPHWHU U FDQ EH GHVFULEHG FRQYHQLHQWO\ XVLQJ WKH H[SUHVVLRQ ��U  ��U� � ��U� �'H 9ODV�

������ $ XVHU�IULHQGO\ PRGHOOLQJ GHYLFH ZDV GHYHORSHG WR ILW WKH PRGHO DQG WR SUHGLFW WKH

SUHYDOHQFH IRU WKH GHIDXOW LI DQRWKHU VHQVLWLYLW\ KDG EHHQ DSSOLHG LQ WKH LQFOXGHG VWXG\� ,Q FDVH

QR LQIRUPDWLRQ ZDV DYDLODEOH RQ WKH DPRXQW RI VWRRO H[DPLQHG� ZH DVVXPHG WKH GHIDXOW RI

D VLQJOH ���� PJ .DWR�.DW] VWRRO VDPSOH�

9DOXHV RI U�� U� DQG K DUH DVVXPHG WR EH XQLYHUVDOO\ DSSOLFDEOH� 0 �PHDQ ZRUP ORDG� DQG N

�DJJUHJDWLRQ SDUDPHWHU� KDYH WR EH HVWLPDWHG IRU HDFK SRSXODWLRQ RU DJH JURXS FRQFHUQHG�

7KXV� DW OHDVW WZR LQGLFDWRUV RI WKH OHYHO RI LQIHFWLRQ LQ D SRSXODWLRQ PXVW EH DYDLODEOH�

7KHUH DUH WKUHH FRPELQDWLRQV ZKLFK PHHW WKLV FRQGLWLRQ� ��� SUHYDOHQFH DQG �JHRPHWULF�

PHDQ HJJ FRXQW� ��� QXPEHU RI LQGLYLGXDOV LQ DW OHDVW WKUHH LQWHQVLW\ JURXSV� ��� QXPEHU RI

LQGLYLGXDOV LQ DW OHDVW WZR LQWHQVLW\ JURXSV DQG �JHRPHWULF� PHDQ HJJ FRXQW LQ DOO JURXSV

WRJHWKHU� 7KH PRGHO KDV EHHQ ILWWHG WR DOO VWXGLHV PHHWLQJ WKH DERYH FULWHULD� ,I RQO\ RQH

LQGLFDWRU ZDV SURYLGHG �L�H� WKH SUHYDOHQFH RI LQIHFWLRQ�� WKH PHGLDQ YDOXH RI N ZDV

LPSXWHG IURP RWKHU VWXGLHV �N  �����

)LJXUH ��� LOOXVWUDWHV WKH HIIHFW RI VWDQGDUGLVDWLRQ RI SUHYDOHQFH RI LQIHFWLRQ IRU WKH GDWD

IURP EORRG LQ VWRRO DQG 6� PDQVRQL� ,W LV FOHDUO\ VKRZQ KRZ WKH YDOXHV IURP VWXGLHV EDVHG

RQ QRQ�GHIDXOW DPRXQWV RI VWRRO VKLIW WR WKH OHIW �LQLWLDOO\ PRUH VWRRO XVHG� RU WKH ULJKW

�OHVV VWRRO XVHG�� (DFK SUHYDOHQFH RI LQIHFWLRQ WKDW ZDV VWDQGDUGLVHG UHVXOWHG LQ

HVWLPDWLRQV RI D FRPELQDWLRQ RI SDUDPHWHUV 0 DQG N�

��
���


7DEOH ��� OLVWV SRVVLEOH FRQVHTXHQFHV RI LQIHFWLRQ ZLWK 6� PDQVRQL� LGHQWLILHG E\ OLWHUDWXUH

UHVHDUFK DQG H[SHUW FRQVXOWDWLRQ� )RU PRVW VLJQV DQG V\PSWRPV QR RU IHZ GDWD IURP ILHOG

VWXGLHV ZHUH DYDLODEOH� 7KHUHIRUH� ZH KDG WR UHVWULFW WKH DQDO\VLV WR WKH DVVRFLDWLRQ RI

SUHYDOHQFH RI 6� PDQVRQL DQG SUHYDOHQFH RI HDUO\ PRUELGLW\ �GLDUUKRHD� EORRG\ GLDUUKRHD�

EORRG LQ VWRRO DQG DEGRPLQDO SDLQ�� DGYDQFHG KHSDWRVSOHQLF PRUELGLW\ �KHSDWRPHJDO\ DQG

VSOHQRPHJDO\� DQG ODWH PRUELGLW\ �KDHPDWHPHVLV DQG DVFLWLV��
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'DWD IRU GLDUUKRHD� EORRG\ GLDUUKRHD� EORRG LQ VWRRO� DEGRPLQDO SDLQ DQG KDHPDWHPHVLV

ZHUH REWDLQHG IURP VWXGLHV WKDW FROOHFWHG GDWD E\ TXHVWLRQQDLUH PHWKRG� ,Q WKHVH VWXGLHV

SDUWLFLSDQWV ZHUH DVNHG IRU V\PSWRPV GXULQJ D VSHFLILHG SHULRG� 7KLV UHFDOO SHULRG GLIIHUHG

ZLGHO\ EHWZHHQ VWXGLHV� ,W FRXOG EH DV VKRUW DV RQH GD\ �WKH ODVW �� KRXUV� RU DV ORQJ DV �

\HDU� 0RUH WKDQ D TXDUWHU RI WKH VWXGLHV GLG QRW HYHQ VSHFLI\ WKH SHULRG� ,I SUHYDOHQFHV

ZHUH UHSRUWHG IRU PRUH WKDQ RQH UHFDOO SHULRG� ZH XVHG WKH UHVXOWV IURP WKH UHFDOO SHULRG

FORVHVW WR � ZHHNV�
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Figure 2.1: Blood in stool as a function of measured and standardised prevalences of S. mansoni
infection. Both points overlap if the default amount of stool (single 41.7 mg) was used. Shifted points are located

on the same vertical line. Data from 2 school surveys are not included because they did not have to be

standardised (Lengeler et al., 2000, Utzinger et al., 2000).

7KH GLIIHUHQFH EHWZHHQ WKH V\PSWRPV GLDUUKRHD� EORRG\ GLDUUKRHD DQG EORRG LQ VWRRO LV

JUDGXDO DQG GLIILFXOW WR GLVWLQJXLVK� 0RVW VWXGLHV UHSRUWLQJ SUHYDOHQFH RI EORRG\ GLDUUKRHD

GLG QRW UHSRUW SUHYDOHQFH RI EORRG LQ VWRRO DQG YLFH YHUVD� )RU DQDO\VLV� ZH IRFXVVHG RQ

GLDUUKRHD DQG EORRG LQ VWRRO� 'LDUUKRHD DQG EORRG LQ VWRRO DUH HDVLO\ GLVWLQJXLVKDEOH�

ZKHUHDV GLDUUKRHD DQG EORRG\ GLDUUKRHD DQG EORRG LQ VWRRO DQG EORRG\ GLDUUKRHD WHQG WR

RYHUODS� :H DOVR FKRVH IRU 
EORRG LQ VWRRO
 EHFDXVH LW LV FRQVLGHUHG WR EH KLJKO\ VSHFLILF IRU

LQWHVWLQDO VFKLVWRVRPLDVLV �*U\VHHOV� ������

'DWD IRU VSOHQRPHJDO\� KHSDWRPHJDO\ DQG DVFLWLV ZHUH REWDLQHG IURP VWXGLHV WKDW FROOHFWHG

GDWD E\ FOLQLFDO H[DPLQDWLRQ� 7KH VWXGLHV PHDVXUHG KHSDWRPHJDO\ DW PLG�VWHUQDO OHYHO

�06/� RU PLG�FODYLFXODU OHYHO �0&/�� 7KH FXW�RII SRLQWV IRU GHILQLQJ KHSDWRPHJDO\

GLIIHUHG EHWZHHQ WKH VWXGLHV �06/� IURP SDOSDEOH WR ! �FP� 0&/� IURP SDOSDEOH WR ! �

FP�� 6RPH VWXGLHV UHSRUWHG SUHYDOHQFH RI KHSDWRPHJDO\ IRU PRUH WKDQ RQH FXW�RII SRLQW�

7KH UHVXOWV RI WKH ORZHVW UHSRUWHG FXW�RII SRLQW �L�H� SDOSDEOH� ZHUH XVHG IRU RXU DQDO\VLV�
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7KH FXW�RII SRLQWV IRU GHILQLQJ VSOHQRPHJDO\ DOVR GLIIHUHG EHWZHHQ WKH VWXGLHV �+DFNHWW

JUDGH � DQG � DQG FRPSDUDEOH PHDVXUHV�� :KHQ VWXGLHV UHSRUWHG SUHYDOHQFH RI

VSOHQRPHJDO\ IRU PRUH WKDQ RQH FXW�RII SRLQW� WKH ORZHVW FXW�RII SRLQW �L�H� SDOSDEOH

VSOHHQ� ZDV XVHG�

Table 2.1: Consequences of infection with S. mansoni.

:H GLG QRW ILQG D VLJQLILFDQW HIIHFW RI DJH RU UHFDOO SHULRG RQ DQ\ RI WKH VWXGLHG

DVVRFLDWLRQV� 7KHUHIRUH� FXUYHV ZHUH ILWWHG IRU WKH DJJUHJDWHG GDWD� )RU FRPSDULVRQ� ZH

VKRZ VHSDUDWH GDWD SRLQWV IRU FKLOGUHQ DQG DGXOWV LQ )LJXUHV ��� DQG ��� LI DYDLODEOH�

7KHUHIRUH� WKH QXPEHU RI GDWD SRLQWV LQ WKH ILJXUHV GRHV QRW HTXDO WKH QXPEHU RI GDWD

SRLQWV XVHG IRU WKH DQDO\VLV�

)LJXUH ��� VKRZV WKH DVVRFLDWLRQ RI SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI HDUO\

LQWHVWLQDO PRUELGLW\� )LIWHHQ VWXGLHV UHSRUWHG GDWD RQ SUHYDOHQFH RI LQIHFWLRQ DQG GLDUUKRHD

IRU �� FRPPXQLWLHV� �� VWXGLHV UHSRUWHG EORRG LQ VWRRO IRU ��� FRPPXQLWLHV DQG ��

VWXGLHV UHSRUWHG GDWD RQ DEGRPLQDO SDLQ IRU �� FRPPXQLWLHV� )RU PHDVXULQJ WKH

SUHYDOHQFH RI GLDUUKRHD� VWXGLHV XVHG UHFDOO SHULRGV UDQJLQJ IURP � GD\ WR � ZHHNV� EXW

RIWHQ QRW VSHFLILHG� $FFRUGLQJ WR WKH ILJXUH RQO\ DW KLJK SUHYDOHQFHV� 6� PDQVRQL LQIHFWLRQ

FRQWULEXWHV WR GLDUUKRHD�

Stage Pathology Morbidity

Invasion Cercarial dermatitis

Acute Due to foreign antigens and
metabolites excreted when egg
production starts

Katayama fever: fever, chills, weakness, weight loss,
headache, anorexia, nausea, vomiting, diarrhoea, dry
cough, hepatosplenomegaly, bloody diarrhoea,
urticaria, peri-orbital oedema, bronchospasm

Early Colonic polyposis, focal fibrosis and
granulomatous inflammation

(Bloody) diarrhoea
Blood in stool
Abdominal pain

Early and late Anemia

Portal hypertension Hepatosplenomegaly

Ascites
Oedema
Oesophageal varices
Haematemesis
Liver failure
Cor pulmonale

Late

Ectopic lesions (CNS) Convulsions, paralysis

Subtle Reduction of growth
Impaired cognitive development
Reduced physical fitness

Mortality Portal hypertension Liver failure
Cor pulmonale
Haematemesis
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Figure 2.2: Association between prevalence of S. mansoni infection and prevalence of early morbidity
(next page). The association with diarrhoea is described by Equation (1) and a = 0.222, b = 0.272 and c = 7.702,

for blood in stool, a = 0.186, b = 0.689 and c = 4.948 and the estimation of the association with abdominal pain

was inconclusive. Studies reporting diarrhoea (Abdel-Wahab et al., 1990, Arap Siongok et al., 1976, Boisier et al.,
1995, De Clercq et al., 1985, Gremillion et al., 1978, Gryseels and Polderman, 1987, Gryseels, 1991, Guimaraes
et al., 1985, Hiatt, 1976, Hiatt and Gebre-Medhin, 1977, Mungomba and Kalumba, 1995, Ndamba et al., 1991,

Smith et al., 1979, Sukwa et al., 1986, Tshikuka et al., 1996), studies reporting blood in stool (Abdel-Wahab et al.,
1990, Abdel-Wahab et al., 2000a, Arap Siongok et al., 1976, Barakat et al., 2000, Boisier et al., 1998, De Lima e
Costa et al., 1985, El-Hawey et al., 2000, Eltoum et al., 1993, Gremillion et al., 1978, Guimaraes et al., 1985,

Habib et al., 2000, Hiatt, 1976, Hiatt and Gebre-Medhin, 1977, Homeida et al., 1996, Lengeler et al., 2000,
Mungomba and Kalumba, 1995, Nooman et al., 2000, Ongom and Bradley, 1972, Ripert et al., 1982, Sukwa et
al., 1986, Utzinger et al., 2000) and studies reporting abdominal pain (Abdel-Wahab et al., 2000a, Arap Siongok
et al., 1976, Barakat et al., 2000, De Lima e Costa et al., 1985, El-Hawey et al., 1995, El-Hawey et al., 2000,
Gremillion et al., 1978, Gryseels and Polderman, 1987, Gryseels, 1988, Gryseels and Nkulikyinka, 1990,
Gryseels, 1991, Guimaraes et al., 1985, Habib et al., 2000, Hiatt, 1976, Hiatt and Gebre-Medhin, 1977,

Kabatereine, 2000, Mungomba and Kalumba, 1995, Ndamba et al., 1991, Nooman et al., 2000, Ripert et al.,
1982, Smith et al., 1979, Stelma et al., 1994).

Figure 2.3: Association between prevalence of S. mansoni infection and prevalence of hepatosplenic
morbidity (next page). The association for hepatomegaly (MSL) is described by the Equation (5) with a = 0.183,
b1.0 = 0.217 and c = 1.555, for hepatomegaly (MCL), a = 0.143, b1.0 = 0.165 and c = 1.395 and for splenomegaly,
a = 0.094, b1.0 = 0.120 and c = 1.272. Studies reporting hepatomegaly (MSL) (Abdel-Wahab et al., 1990, Abdel-

Wahab et al., 2000b, Arap Siongok et al., 1976, Barreto et al., 1985, Bulsara et al., 1985, De Clercq et al., 1985,
De Lima e Costa et al., 1985, El-Hawey et al., 1995, Eltoum et al., 1993, Forsyth and Bradley, 1966, Fulford et
al., 1991, Gabr et al., 2000, Gaye et al., 1991, Gremillion et al., 1978, Gryseels and Polderman, 1987, Gryseels,

1988, Gryseels and Nkulikyinka, 1990, Gryseels, 1991, Guimaraes et al., 1985, Hammam et al., 2000b,
Hammam et al., 2000a, Hiatt and Gebre-Medhin, 1977, Homeida et al., 1996, Johansen et al., 1994, Kardorff et
al., 1997, Omer et al., 1976, Ongom and Bradley, 1972, Ripert et al., 1982, Sukwa et al., 1986, Wiselka et al.,

1988), studies reporting hepatomegaly (MCL) (Abdel-Wahab et al., 1990, Abdel-Wahab et al., 2000a, Arap
Siongok et al., 1976, Barakat et al., 2000, Bulsara et al., 1985, Corbett et al., 1992, El-Hawey et al., 2000, Friis
and Byskov, 1987, Gryseels and Polderman, 1987, Gryseels, 1988, Gryseels and Nkulikyinka, 1990, Guimaraes
et al., 1985, Habib et al., 2000, Hiatt, 1976, Hiatt and Gebre-Medhin, 1977, Kardorff et al., 1997, Lehman et al.,
1976, Nooman et al., 2000, Smith et al., 1979, Stelma et al., 1994, Sukwa et al., 1986, Wiselka et al., 1988) and
studies reporting splenomegaly (Abdel-Wahab et al., 1990, Abdel-Wahab et al., 2000a, Arap Siongok et al., 1976,

Barakat et al., 2000, Barreto et al., 1985, Boisier et al., 1995, Bulsara et al., 1985, Corbett et al., 1992, De Clercq
et al., 1985, De Lima e Costa et al., 1985, El-Hawey et al., 1995, El-Hawey et al., 2000, Eltoum et al., 1993,
Forsyth and Bradley, 1966, Friis and Byskov, 1987, Fulford et al., 1991, Gabr et al., 2000, Gaye et al., 1991,

Gerspacher-Lara et al., 1998, Gremillion et al., 1978, Gryseels and Polderman, 1987, Gryseels, 1988, Gryseels
and Nkulikyinka, 1990, Gryseels, 1991, Guimaraes et al., 1985, Habib et al., 2000, Hammam et al., 2000b,
Hammam et al., 2000a, Hiatt, 1976, Homeida et al., 1996, Johansen et al., 1994, Kardorff et al., 1997, Kloetzel

and Schuster, 1987, Lehman et al., 1976, Martins et al., 1998, Nooman et al., 2000, Omer et al., 1976, Ongom
and Bradley, 1972, Ripert et al., 1982, Smith et al., 1979, Sukwa et al., 1986, Tshikuka et al., 1996, Wiselka et
al., 1988).
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)RU PHDVXULQJ WKH SUHYDOHQFH RI EORRG LQ VWRRO WKH FROOHFWHG VWXGLHV XVHG UHFDOO SHULRGV

UDQJLQJ EHWZHHQ � GD\ WR � \HDU DQG RIWHQ WKH UHFDOO SHULRG ZDV QRW VSHFLILHG� 7ZR VWXGLHV

SURYLGHG PRVW GDWD SRLQWV� �8W]LQJHU HW DO�� ����� �� GDWD SRLQWV DQG �/HQJHOHU HW DO�� �����

�� GDWD SRLQWV� 7KH VKDSH RI WKH LQGLYLGXDOO\ ILWWHG FXUYHV IRU WKH GDWD SRLQWV IURP

8W]LQJHU HW DO� ������ DQG /HQJHOHU HW DO� ������ ZDV FRPSDUDEOH WR WKH VKDSH RI WKH FXUYH

IRU WKH RWKHU GDWD SRLQWV� 7KHUHIRUH� D FRPELQHG FXUYH IRU DOO GDWD SRLQWV ZDV ILWWHG�

7KH UHFDOO SHULRG XVHG IRU PHDVXULQJ DEGRPLQDO SDLQ GLIIHUHG ZLGHO\ EHWZHHQ WKH ILHOG

VWXGLHV �IURP � GD\ WR � ZHHNV� RIWHQ QRW VSHFLILHG�� (VWLPDWLQJ WKH DVVRFLDWLRQ EHWZHHQ

SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ DQG SUHYDOHQFH RI DEGRPLQDO SDLQ ZDV QRQ�FRQFOXVLYH�

7KH DVVRFLDWLRQ EHWZHHQ LQIHFWLRQ DQG SUHYDOHQFH RI KHSDWRVSOHQLF PRUELGLW\ LV SUHVHQWHG

LQ )LJXUH ���� 7KLUW\ VWXGLHV UHSRUWHG GDWD RQ SUHYDOHQFH RI LQIHFWLRQ DQG KHSDWRPHJDO\

�06/� IRU �� FRPPXQLWLHV� �� VWXGLHV UHSRUWHG GDWD RQ SUHYDOHQFH RI LQIHFWLRQ DQG

KHSDWRPHJDO\ �0&/� IRU �� FRPPXQLWLHV DQG �� VWXGLHV UHSRUWHG VSOHQRPHJDO\ IRU ��

FRPPXQLWLHV� 7KH ILWWHG VWDQGDUG (TXDWLRQ ��� IRU KHSDWRPHJDO\ �06/�� KHSDWRPHJDO\

�0&/� DQG VSOHQRPHJDO\ KDG D SRLQW RI LQIOHFWLRQ � ���� 7KHUHIRUH� ZH XVHG (TXDWLRQ ���

ZLWK SRLQW RI LQIOHFWLRQ DW ����

)LJXUH ��� VKRZV WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI ODWH

PRUELGLW\� 7ZHOYH VWXGLHV UHSRUWHG GDWD RQ SUHYDOHQFH RI LQIHFWLRQ DQG KDHPDWHPHVLV IRU

�� FRPPXQLWLHV DQG VL[ VWXGLHV UHSRUWHG DVFLWLV IRU HLJKW FRPPXQLWLHV� 7KH ILWWHG VWDQGDUG

(TXDWLRQ ��� IRU KDHPDWHPHVLV DQG DVFLWLV KDG D SRLQW RI LQIOHFWLRQ � ���� 7KHUHIRUH� ZH

XVHG (TXDWLRQ ��� ZLWK SRLQW RI LQIOHFWLRQ DW ����

7DEOH ��� VKRZV WKH SUHGLFWHG SUHYDOHQFHV RI PRUELGLW\ IRU GLIIHUHQW SUHYDOHQFHV RI

LQIHFWLRQ �SUHYDOHQFH SHUVRQV SRVLWLYH LI D ���� PJ VWRRO VDPSOH LV H[DPLQHG E\ .DWR .DW]

PHWKRG� IURP WKH DVVRFLDWLRQV�

Table 2.2: Prevalence estimates for diarrhoea, blood in stool, hepatomegaly (MSL), hepatomegaly (MCL),
splenomegaly, 'haematemesis ever' and ascitis due to S. mansoni infection.

Morbidity \ Infection 0.15 0.50 0.85

Diarrhoea 0.000 0.001 0.072

Blood in stool 0.00 0.02 0.24

Hepatomegaly (MSL) 0.01 0.07 0.14

Hepatomegaly (MCL) 0.01 0.06 0.12

Splenomegaly 0.011 0.047 0.089

Haematemesis ever 0.002 0.006 0.011

Ascitis 0.0004 0.0012 0.0021

The estimated prevalences are calculated from the curves described in Figs 2-4.
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Figure 2.4: Association between prevalence of S. mansoni infection and prevalence of late morbidity. The

association with reported haematemesis 'ever' is described by the alternative Equation (1) combined with

Equation (4), a ≈ 0, b1.0 = 0.0133 and c = 1.027 and for ascitis, a ≈ 0, b1.0 = 0.00249 and c = 1.005. Studies
reporting haematemesis (Boisier et al., 1995, De Lima e Costa et al., 1985, Friis and Byskov, 1987, Gaye et al.,
1991, Gryseels and Polderman, 1987, Gryseels, 1988, Gryseels and Nkulikyinka, 1990, Hiatt, 1976, Homeida et

al., 1996, Kabatereine, 2000, Kardorff et al., 1997, Ongom and Bradley, 1972) and studies reporting ascitis
(Boisier et al., 1998, De Lima e Costa et al., 1985, Gryseels and Polderman, 1987, Gryseels, 1988, Gryseels and
Nkulikyinka, 1990, Strickland et al., 1982).
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7KLV LV WKH ILUVW WLPH WKDW DOO DYDLODEOH LQIRUPDWLRQ IURP ILHOG VWXGLHV RQ 6� PDQVRQL KDV EHHQ

XVHG WR HVWLPDWH DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ DQG SUHYDOHQFHV

RI PRUELGLW\� )RU HDUO\ V\PSWRPV RI LQIHFWLRQ ZLWK 6� PDQVRQL DQG ODWH VLJQV DQG V\PSWRPV

FDXVHG E\ SRUWDO K\SHUWHQVLRQ ZH SUHVHQW DQ DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ

DQG SUHYDOHQFHV RI VLJQV DQG V\PSWRPV LQ D FRPPXQLW\� 'DWD DYDLODEOH IRU PRUELGLW\

FDXVHG E\ LQYDVLRQ RI FHUFDULDH� V\PSWRPV RI DFXWH LQIHFWLRQ DQG VXEWOH PRUELGLW\ �7DEOH

���� ZHUH LQVXIILFLHQW WR XVH WKH GHYHORSHG PHWKRGRORJ\�

6RPH SRLQWV VKRXOG EH WDNHQ LQWR DFFRXQW IRU LQWHUSUHWDWLRQ RI WKH DVVRFLDWLRQV� )LUVW� ZH

GLG QRW ILQG DQ DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI DEGRPLQDO

SDLQ LQ WKLV 
PHWD�DQDO\VLV
� 7KLV LV VXSSRUWHG E\ WKH IDFW WKDW RI WKH �� VWXGLHV WKDW ZHUH

XVHG IRU WKH DQDO\VLV� RQO\ � UHSRUWHG VLJQLILFDQWO\ PRUH DEGRPLQDO SDLQ LQ JURXSV ZLWK D

KLJKHU LQWHQVLW\ RI LQIHFWLRQ� ZKHUHDV �� GLG QRW ILQG WKLV DVVRFLDWLRQ �WKUHH VWXGLHV GLG QRW

UHSRUW SUHYDOHQFH RI DEGRPLQDO SDLQ E\ LQWHQVLW\ RI LQIHFWLRQ JURXS�� 7KXV� DOVR ZLWKLQ

VWXGLHV WKH UHODWLRQ EHWZHHQ LQIHFWLRQ DQG SUHYDOHQFH RI DEGRPLQDO SDLQ LV QRW REYLRXV�

7KH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ DQG VSOHQRPHJDO\ VKRXOG EH

YLHZHG ZLWK FDXWLRQ� $UHDV ZLWK D KLJK SUHYDOHQFH RI 6� PDQVRQL PD\ DOVR KDYH D UHODWLYHO\

KLJK SUHYDOHQFH RI PDODULD� 7KLV ZLOO FDXVH DQ RYHUHVWLPDWLRQ RI WKH SUHYDOHQFH RI

VSOHQRPHJDO\ FDXVHG E\ 6� PDQVRQL LQIHFWLRQ LQ FRPPXQLWLHV ZLWK D KLJK SUHYDOHQFH RI 6�

PDQVRQL LQIHFWLRQ�

7KH ORQJ GHYHORSPHQW WLPH RI RHVRSKDJHDO YDULFHV �WKH FDXVH RI KDHPDWHPHVLV� DQG DVFLWLV

DQG WKH KLJK PRUWDOLW\ PDNH LW GLIILFXOW WR HVWLPDWH WKH DVVRFLDWLRQ RI SUHYDOHQFH RI

LQIHFWLRQ ZLWK ODWH PRUELGLW\� ,QFLGHQFH HVWLPDWHV DUH SUREDEO\ PRUH UHOHYDQW IRU WKHVH

SDWKRORJLHV DV LQGLYLGXDOV KDYH D VLJQLILFDQW FKDQFH RI G\LQJ IURP H[VDQJXDWLRQ RU OLYHU

IDLOXUH� WKXV UHGXFLQJ WKH QXPEHU RI LQGLYLGXDOV ZLWK D KDHPDWHPHVLV KLVWRU\ RU FOLQLFDO

DVFLWLV IRXQG LQ FURVV�VHFWLRQDO FRPPXQLW\ VWXGLHV� ,W WDNHV \HDUV WR GHYHORS VHYHUH

PRUELGLW\� WKHUHIRUH WKH UHODWLRQVKLS EHWZHHQ WKH FXUUHQW SUHYDOHQFH RI LQIHFWLRQ DQG WKH

H[LVWHQFH RI ODWH PRUELGLW\ LV QRW REYLRXV� 3HUKDSV ILHOG VWXGLHV PLJKW QRW EH WKH PRVW

DSSURSULDWH W\SH RI VWXG\ IRU REWDLQLQJ GDWD RQ ODWH PRUELGLW\� 'XH WR WKH UHODWLYHO\ ORZ

SUHYDOHQFH RI ODWH PRUELGLW\� VWXGLHV KDYH WR EH ODUJHU WKDQ LV XVXDOO\ WKH FDVH� $OVR� D

UHSRUWHG KLVWRU\ RI KDHPDWHPHVLV PLJKW QRW EH YHU\ UHOLDEOH� 2QJRP HW DO� VKRZHG WKDW

UHSRUWHG KLVWRU\ RI KDHPDWHPHVLV 
HYHU
 ZDV RQO\ WZLFH DV IUHTXHQW DV UHSRUWHG KLVWRU\ RI

KDHPDWHPHVLV 
WKLV \HDU
 �2QJRP DQG %UDGOH\� ������ 7KLV VXJJHVWV HLWKHU KLJK PRUWDOLW\ RI

LQGLYLGXDOV DIWHU DQ HSLVRGH RI KDHPDWHPHVLV RU UHFDOO ELDV� $OVR� LW VKRXOG EH QRWHG WKDW LW

LV QRW DOZD\V FOHDU LI VWXGLHV QRW UHSRUWLQJ KDHPDWHPHVLV RU DVFLWLV UHDOO\ GLG QRW ILQG

SDUWLFLSDQWV ZLWK WKLV VLJQ RU V\PSWRP RU VLPSO\ GLG QRW PHDVXUH ODWH PRUELGLW\ LQ WKHLU

VWXG\�

6HYHUDO VWXG\ FKDUDFWHULVWLFV PLJKW LQIOXHQFH WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI

LQIHFWLRQ DQG PRUELGLW\� :H VSHFLILFDOO\ H[DPLQHG WKH HIIHFW RI DJH �FKLOGUHQ RU DGXOWV�� ,Q

LQGLYLGXDO VWXGLHV LW LV GLIILFXOW WR GLVHQWDQJOH WKH HIIHFW RI DJH DQG WKH HIIHFW RI LQWHQVLW\ RI
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LQIHFWLRQ RQ SUHYDOHQFH RI PRUELGLW\� <RXQJHU DJH JURXSV WHQG WR KDYH D KLJKHU LQWHQVLW\

RI LQIHFWLRQ �*U\VHHOV� ����� 6WHOPD HW DO�� ����� %RLVLHU HW DO�� ����� %RLVLHU HW DO�� ������

$QG PRVW VWXGLHV VKRZ DQ DVVRFLDWLRQ EHWZHHQ LQWHQVLW\ RI LQIHFWLRQ DQG SUHYDOHQFH RI

PRUELGLW\ �*U\VHHOV DQG 1NXOLN\LQND� ����� )XOIRUG HW DO�� ����� 1GDPED HW DO�� �����

.RQJV HW DO�� ����� .DUGRUII HW DO�� ������ ,Q WKH FXUUHQW VWXG\ ZH KDYH VHSDUDWHG WKH HIIHFW

RI DJH DQG LQWHQVLW\ RI LQIHFWLRQ E\ DQDO\VLQJ WKH GDWD IRU FKLOGUHQ DQG DGXOWV� 7KH GDWD GLG

QRW LQGLFDWH D GLIIHUHQW DVVRFLDWLRQ IRU FKLOGUHQ DQG DGXOWV� 7KHUHIRUH� LW LV PRUH OLNHO\ WKDW

WKH GLIIHUHQFH LQ SUHYDOHQFH RI PRUELGLW\ EHWZHHQ FKLOGUHQ DQG DGXOWV LV FDXVHG E\ D

GLIIHUHQFH LQ LQWHQVLW\ RI LQIHFWLRQ�

7KH SUHVHQWHG DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ DQG SUHYDOHQFH RI

PRUELGLW\ DQG WKH HVWLPDWHV RI SUHYDOHQFH RI LQIHFWLRQ PDGH E\ %URRNHU HW DO� �%URRNHU HW

DO�� ����E� ZLOO EH XVHG IRU UH�FDOFXODWLQJ WKH *OREDO %XUGHQ RI 'LVHDVH GXH WR LQIHFWLRQ

ZLWK 6� PDQVRQL� ,W PXVW EH QRWHG WKDW� JLYHQ WKH QRQ�OLQHDU FKDUDFWHU RI WKH H[SUHVVLRQ� LW

FDQ RQO\ EH XVHG WR PDNH LQIHUHQFHV RQ WKH FRPPXQLW\ OHYHO� ,Q FDVH RI SUHGLFWLRQV RQ WKH

OHYHO RI FRXQWULHV� LW LV QHFHVVDU\ WR FRQVLGHU KHWHURJHQHLW\ LQ SUHYDOHQFHV ZLWKLQ WKH

FRXQWU\�

���������������


7KLV VWXG\ ZDV SHUIRUPHG ZLWKLQ WKH :2752�1:2 IXQGHG PXOWLGLVFLSOLQDU\

SURJUDPPH 
0RGHO�EDVHG GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL�

1LJHU DQG 6HQHJDO
 DQG ZDV DOVR IXQGHG E\ WKH GLYLVLRQ RI 3DUDVLWLF 'LVHDVHV DQG 9HFWRU

&RQWURO� &RPPXQLFDEOH 'LVHDVHV &RQWURO� 3UHYHQWLRQ DQG (UDGLFDWLRQ� :RUOG +HDOWK

2UJDQL]DWLRQ� *HQHYD� 6ZLW]HUODQG�
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9DQ GHU :HUI� 0� -� DQG 'H 9ODV� 6� -� 'LDJQRVLV RI HDUO\ FOLQLFDO FRQVHTXHQFHV RI

6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ� $ QRYHO DSSURDFK WR FRPSDUH WKH SHUIRUPDQFH RI

XOWUDVRXQG DQG WKUHH PHWKRGV IRU KDHPDWXULD GHWHFWLRQ� 6XEPLWWHG
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:H FRPSDUHG WKH SHUIRUPDQFH RI IRXU GLDJQRVWLF PHWKRGV WR GHWHFW HDUO\ FOLQLFDO

FRQVHTXHQFHV RI XULQDU\ VFKLVWRVRPLDVLV� :H GHWHUPLQHG WKH DVVRFLDWLRQV EHWZHHQ

SUHYDOHQFH RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DQG EODGGHU SDWKRORJ\ GHWHUPLQHG E\

PHDQV RI XOWUDVRQRJUDSK\ RU KDHPDWXULD GHWHFWHG E\ UHDJHQW VWULS� TXHVWLRQQDLUH RU YLVXDO

H[DPLQDWLRQ� XVLQJ SXEOLVKHG GDWD IURP ILHOG VWXGLHV�

$IWHU FRUUHFWLRQ IRU PRUELGLW\ GXH WR RWKHU FDXVHV RU PLVFODVVLILFDWLRQ� D FRQVLVWHQW UDWLR LQ

SUHYDOHQFH RI KDHPDWXULD RI ����� UHVXOWHG IRU UHDJHQW VWULS� TXHVWLRQQDLUH DQG YLVXDO

H[DPLQDWLRQ� 8OWUDVRXQG UHYHDOHG PDUNHGO\ KLJKHU SUHYDOHQFHV RI EODGGHU SDWKRORJ\ LQ

VFKRROV WKDQ LQ FRPPXQLWLHV ZLWK WKH VDPH SUHYDOHQFH RI LQIHFWLRQ�

2XU PHWKRGRORJ\ RIIHUV DQ LQGLUHFW FRPSDULVRQ RI GLDJQRVWLF PHWKRGV UDUHO\ XVHG

VLPXOWDQHRXVO\� 7KH VLPSOH DQG FKHDS TXHVWLRQQDLUH DSSURDFK LV QRW PDUNHGO\ LQIHULRU WR

WKH RWKHU WHFKQLTXHV� PDNLQJ LW WKH EHVW RSWLRQ IRU ILHOG XVH� 7KHUH DUH VWURQJ LQGLFDWLRQV

WKDW XOWUDVRXQG LV OHVV VHQVLWLYH LQ DGXOWV� DV FRPSDUHG WR FKLOGUHQ ZLWK WKH VDPH OHYHO RI

EODGGHU SDWKRORJ\� LPSO\LQJ D QHHG IRU DJH�UHODWHG FXW�RII YDOXHV�
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6FKLVWRVRPD KDHPDWRELXP� UHVSRQVLEOH IRU XULQDU\ VFKLVWRVRPLDVLV� LV D KLJKO\ SUHYDOHQW

SDUDVLWLF LQIHFWLRQ DIIHFWLQJ VRPH ��� PLOOLRQ LQGLYLGXDOV LQ RYHU �� HQGHPLF FRXQWULHV�

SUHGRPLQDQWO\ LQ VXE�6DKDUDQ $IULFD �%URRNHU HW DO�� ����E� &KLWVXOR HW DO�� ������ +XPDQV

DUH LQIHFWHG ZKHQ WKH\ FRPH LQWR FRQWDFW ZLWK ZDWHU ERGLHV LQKDELWHG E\ LQIHFWHG VQDLOV�

7KH ODUYDO VWDJHV DUH WUDQVSRUWHG WR WKH OLYHU ZKHUH WKH\ PDWXUH� $GXOW 6� KDHPDWRELXP

ZRUPV OLYH LQ WKH SHULYHVLFDO YHLQV DQG VWDUW OD\LQJ HJJV DIWHU DSSUR[LPDWHO\ �� GD\V� 7KHVH

HJJV PLJUDWH WKURXJK WKH EODGGHU ZDOO DQG DUH H[FUHWHG ZLWK WKH XULQH� ,I DQ HJJ UHDFKHV

IUHVK ZDWHU� D ODUYD LV UHOHDVHG WKDW FDQ LQIHFW WKH VQDLO KRVW� ZKLFK FORVHV WKH WUDQVPLVVLRQ

F\FOH� (JJV WKDW EHFRPH WUDSSHG LQ WKH EODGGHU ZDOO JLYH ULVH WR SDWKRORJLFDO FKDQJHV

OHDGLQJ WR EORRG LQ XULQH �KDHPDWXULD�� WKH PDLQ V\PSWRP RI HDUO\ 6� KDHPDWRELXP LQIHFWLRQ

�0RWW HW DO�� ������ $IWHU SURORQJHG LQIHFWLRQ� WKH XULQDU\ V\VWHP PD\ EH VHULRXVO\ DIIHFWHG�

UHVXOWLQJ LQ K\GURXUHWHU� K\GURQHSKURVLV DQG NLGQH\ IDLOXUH �-RUGDQ HW DO�� ����� &KHQ DQG

0RWW� ������ 6LQFH WKH ([SHUW &RPPLWWHH PHHWLQJ LQ ����� :+2 KDV DLPHG DW

VFKLVWRVRPLDVLV PRUELGLW\ FRQWURO� ZKLFK EHFDPH IHDVLEOH DIWHU WKH LQWURGXFWLRQ RI

SUD]LTXDQWHO� DQ HIIHFWLYH VDIH VLQJOH GRVH GUXJ �:+2� ����� :+2� ������ 7KH GUXJ FDQ

EH GHOLYHUHG WR LQIHFWHG LQGLYLGXDOV SUHVHQWLQJ DW WKH KHDOWK V\VWHP RU LQ FRPPXQLW\�EDVHG

FKHPRWKHUDS\ SURJUDPPHV� VR WKDW GHYHORSPHQW RI VHULRXV GLVHDVH LV SUHYHQWHG�

,GHQWLILFDWLRQ RI FDVHV RU FRPPXQLWLHV IRU WUHDWPHQW �FRPPXQLW\ GLDJQRVLV� LV XVXDOO\

EDVHG RQ PHDVXULQJ LQIHFWLRQ E\ PLFURVFRSLF GHWHFWLRQ RI HJJV LQ XULQH� )RU H[DPSOH� 0DOL

KDV DGRSWHG WKH :+2 UHFRPPHQGDWLRQV FDOOLQJ IRU PDVV WUHDWPHQW LI WKH SUHYDOHQFH RI

LQIHFWLRQ LQ VFKRRO FKLOGUHQ H[FHHGV ���� DQG IRU WUHDWPHQW RI WKH JURXS DJHG � WR �� DW D

SUHYDOHQFH EHWZHHQ �� DQG ���� %HORZ D ��� SUHYDOHQFH RI LQIHFWLRQ� RQO\ FKLOGUHQ

WHVWLQJ SRVLWLYH DW VFUHHQLQJ UHFHLYH WUHDWPHQW �:+2� ������ +DHPDWXULD� LQGLFDWLYH RI

HDUO\ PRUELGLW\� PD\ EH D VLPSOHU DQG FKHDSHU DOWHUQDWLYH IRU LGHQWLI\LQJ FRPPXQLWLHV LQ

QHHG RI WUHDWPHQW �/HQJHOHU HW DO�� ����� *X\DWW HW DO�� ����D�� 0LFUR�KDHPDWXULD FDQ EH

GHWHFWHG E\ UHDJHQW VWULS WHVWLQJ� 0DFUR�KDHPDWXULD FDQ EH GHWHFWHG ZLWK WKH KHOS RI D

TXHVWLRQQDLUH �L�H� DVNLQJ LQGLYLGXDOV LI WKH\ KDYH H[SHULHQFHG EORRG LQ XULQH LQ D JLYHQ

SHULRG� RU E\ YLVXDO H[DPLQDWLRQ RI D XULQH VDPSOH �)HOGPHLHU DQG 3RJJHQVHH� ������ 6LQFH

����� XOWUDVRQRJUDSK\ KDV EHHQ DSSOLHG WR YLVXDOLVH OHVLRQV LQ WKH EODGGHU ZDOO FDXVHG E\

WUDSSHG 6� KDHPDWRELXP HJJV �'HJUHPRQW HW DO�� ����� %XUNL HW DO�� ����� $EGHO�:DKDE HW DO��

����E�� 7KLV PHWKRG LV QRW VXLWDEOH IRU ODUJH�VFDOH XVH LQ FRQWURO� EXW LW LV DFFHSWHG DV D

UHODWLYHO\ VLPSOH QRQ�LQYDVLYH PHWKRG LQ KRVSLWDO RU UHVHDUFK VHWWLQJV �+DW] HW DO�� ������

0DQ\ HSLGHPLRORJLFDO VWXGLHV KDYH EHHQ FRQGXFWHG WR LQYHVWLJDWH WKH FKDUDFWHULVWLFV RI WKH

DERYH PHWKRGV WR PHDVXUH HDUO\ FRQVHTXHQFHV RI XULQDU\ VFKLVWRVRPLDVLV� 7KLV XVXDOO\

LQYROYHG FRPSDULQJ WKH RXWFRPHV RQ PRUELGLW\�SDWKRORJ\ ZLWK LQIHFWLRQ� 7KH IRXU

PHWKRGV HQXPHUDWHG DERYH KDYH UDUHO\ EHHQ GLUHFWO\ FRPSDUHG� 0RUHRYHU� PRVW VWXGLHV

FRQFHUQHG D VLQJOH VFKRRO RU FRPPXQLW\ RU QHLJKERXULQJ VFKRROV�FRPPXQLWLHV LQ D

GHILQHG DUHD �GLVWULFW��
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,Q WKLV VWXG\� ZH DLPHG DW HYDOXDWLQJ WKH SHUIRUPDQFH RI IRXU WHFKQLTXHV IRU GHWHFWLQJ

HDUO\ SDWKRORJ\ RU PRUELGLW\ GXH WR 6� KDHPDWRELXP LQIHFWLRQ� EODGGHU SDWKRORJ\ E\

XOWUDVRXQG� PLFUR�KDHPDWXULD E\ UHDJHQW VWULS DQG PDFUR�KDHPDWXULD E\ TXHVWLRQQDLUH RU

YLVXDO H[DPLQDWLRQ� :H DJJUHJDWHG DOO ILHOG VWXGLHV UHSRUWLQJ SUHYDOHQFH RI LQIHFWLRQ DQG

SDWKRORJ\�PRUELGLW\� :H H[SORUHG WKH DVVRFLDWLRQ RI HDFK RI WKHVH PHWKRGV ZLWK LQIHFWLRQ

RYHU GLIIHUHQW HQGHPLFLW\ OHYHOV� 8VLQJ WKHVH DVVRFLDWLRQV� ZH ZHUH DEOH WR PDNH DQ LQGLUHFW

FRPSDULVRQ RI WKH SHUIRUPDQFH RI HDFK RI WKHVH IRXU PHWKRGV�


�����


'DWD FROOHFWLRQ

:H VHDUFKHG 3XEPHG �8QLWHG 6WDWHV� 1DWLRQDO /LEUDU\ RI 0HGLFLQH� WR LGHQWLI\ DOO DUWLFOHV

SXEOLVKHG XS WR WKH \HDU ���� UHSRUWLQJ RQ WKH SUHYDOHQFH RI XOWUDVRQRJUDSKLFDOO\

GHWHFWDEOH EODGGHU SDWKRORJ\� UHDJHQW VWULS GHWHFWHG PLFUR�KDHPDWXULD RU PDFUR�

KDHPDWXULD GHWHUPLQHG E\ TXHVWLRQQDLUH RU E\ YLVXDO H[DPLQDWLRQ LQ XQVHOHFWHG VWXG\

SRSXODWLRQV �VFKRROV RU ZKROH FRPPXQLWLHV� ZLWK NQRZQ SUHYDOHQFH RI 6� KDHPDWRELXP

LQIHFWLRQ� 7KH UHIHUHQFHV RI WKH FROOHFWHG DUWLFOHV ZHUH FKHFNHG IRU DGGLWLRQDO DUWLFOHV DQG

TXDQWLWDWLYH LQIRUPDWLRQ ZDV H[WUDFWHG� 2QO\ SUH�WUHDWPHQW GDWD ZHUH LQFOXGHG� 3UHYDOHQFH

GDWD IURP HDFK FRPPXQLW\ RU VFKRRO ZHUH LQFOXGHG DV LQGHSHQGHQW REVHUYDWLRQV� L�H� RQH

VWXG\ FRXOG FRQWULEXWH PXOWLSOH REVHUYDWLRQV WR WKH DQDO\VLV�

'DWD RQ EODGGHU SDWKRORJ\ ZHUH LQFOXGHG LI WKH SDWKRORJ\ KDG EHHQ GHWHFWHG E\

XOWUDVRXQG DQG ZDV GHILQHG XVLQJ WKH LQWHUQDWLRQDO VWDQGDUGV �&DLUR :RUNLQJ *URXS� �����

5LFKWHU HW DO�� ������ L�H� WKH SUHVHQFH RI DQ 
LUUHJXODU EODGGHU ZDOO
� D 
EODGGHU ZDOO WKLFNQHVV

! � PP
� WKH 
SUHVHQFH RI PDVVHV
 RU 
SUHVHQFH RI SVHXGRSRO\SV
� )RU PLFUR�KDHPDWXULD

GHWHUPLQHG E\ UHDJHQW VWULS� ZH XVHG WKH GDWD UHSRUWHG IRU WKH �� SRVLWLYH OLPLW� 'DWD RQ

PDFUR�KDHPDWXULD REWDLQHG E\ PHDQV RI WKH TXHVWLRQQDLUH PHWKRG ZHUH LQFOXGHG LI

PHDVXUHG E\ DVNLQJ SDUWLFLSDQWV WR UHVSRQG WR D TXHVWLRQ VXFK DV ¶+DYH \RX XULQDWHG

EORRG GXULQJ WKH SDVW SHULRG· �WKH SHULRG YDULHG EHWZHHQ VWXGLHV DQG D PD[LPXP RI �

ZHHNV ZDV FKRVHQ�� :H XVHG WKH UHVXOWV UHSRUWHG IRU WKH ORQJHVW SHULRG LQ DQDO\VLQJ WKH

RQH VWXG\ WKDW XVHG WZR UHFDOO SHULRGV �� GD\ DQG � ZHHN� �:DUUHQ HW DO�� ������ 3UHYDOHQFH

VWXGLHV RQ YLVLEO\ GHWHFWHG PDFUR�KDHPDWXULD �LQVSHFWLRQ RI XULQH VDPSOHV E\ KHDOWK

ZRUNHUV� ZHUH LQFOXGHG LI WKH\ VFRUHG FOHDUO\ UHG XULQH DV SRVLWLYH� 2QO\ VWXGLHV ZLWK

SUHYDOHQFH RI LQIHFWLRQ EDVHG RQ VWDQGDUG ILOWUDWLRQ RI �� PO XULQH RU D PHWKRG ZLWK

FRPSDUDEOH VHQVLWLYLW\ ZHUH LQFOXGHG� YL]� ILOWUDWLRQ� FHQWULIXJDWLRQ RU VHGLPHQWDWLRQ RI � WR

�� PO XULQH VDPSOHV �5LFKDUGV HW DO�� ������

5HODWLQJ SDWKRORJ\ RU PRUELGLW\ WR LQIHFWLRQ

7KH FXUYHV GHVFULELQJ SUHYDOHQFH RI PRUELGLW\ DV D IXQFWLRQ RI SUHYDOHQFH RI LQIHFWLRQ

VWDUW LQ WKH RULJLQ RU D SRLQW KLJKHU RQ WKH \�D[LV �EDVHOLQH OHYHO�� 7KLV LV EHFDXVH PRUELGLW\

FDQ DOVR EH GXH WR DQRWKHU FDXVHV �H�J� PLFUR�KDHPDWXULD IURP EDFWHULDO XULQDU\ LQIHFWLRQ�

RU PLVFODVVLILFDWLRQ �H�J� EURZQ FRQFHQWUDWHG XULQH FDQ EH UHSRUWHG DV KDHPDWXULD��



C H A P T E R  3

��

'HWHFWHG KDHPDWXULD QRW FDXVHG E\ 6� KDHPDWRELXP LQIHFWLRQ ZDV FRQVLGHUHG WR EH D IDOVH

SRVLWLYH WHVW UHVXOW� 7KH FXUYHV DUH DVVXPHG WR UHPDLQ KRUL]RQWDO DW ORZ SUHYDOHQFH RI

LQIHFWLRQ DV RQO\ IHZ RU QR FDVHV KDYH DQ LQIHFWLRQ LQWHQVLW\ KLJK HQRXJK WR FDXVH

PRUELGLW\� )RU KLJKHU SUHYDOHQFHV� WKH FXUYHV ULVH ZLWK LQFUHDVLQJ VSHHG DV WKH SURSRUWLRQ

ZLWK KLJK LQWHQVLW\� DVVRFLDWHG ZLWK PRUELGLW\� ZLOO ULVH IDVWHU WKDQ WKH FRUUHVSRQGLQJ

SUHYDOHQFH �*X\DWW DQG %XQG\� ������ 7KH FXUYH HYHQWXDOO\ UHDFKHV LWV PD[LPXP OHYHO

VRPHZKHUH EHORZ ����� 7KLV LV EHFDXVH PRUELGLW\ FDQ EH LQWHUPLWWHQW� RU VRPH RI WKH

LQIHFWHG LQGLYLGXDOV PD\ QRW EH VXVFHSWLEOH IRU GHYHORSLQJ PRUELGLW\� $SSHQGL[ �$ VKRZV

WKH PDWKHPDWLFDO HTXDWLRQ XVHG DQG WKH SURFHGXUHV WR HVWLPDWH LWV SDUDPHWHUV�

8VLQJ WKH DERYH HTXDWLRQ� ZH DVVHVVHG WKH DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI 6�

KDHPDWRELXP LQIHFWLRQ DQG WKH IRXU GLDJQRVWLF PHWKRGV� XOWUDVRQRJUDSKLF GHWHFWLRQ RI

EODGGHU SDWKRORJ\� PLFUR�KDHPDWXULD GHWHUPLQHG E\ UHDJHQW VWULS WHVWLQJ DQG PDFUR�

KDHPDWXULD GHWHUPLQHG E\ TXHVWLRQQDLUH RU E\ YLVXDO H[DPLQDWLRQ� :H H[DPLQHG WKH

LPSDFW RI WZR GHWHUPLQDQWV RQ WKHVH DVVRFLDWLRQV� VWXG\ VHWWLQJ �VFKRRO RU FRPPXQLW\

VXUYH\� DQG JHRJUDSKLFDO DUHD �:HVW $IULFD� %HQLQ� %XUNLQD )DVR� *DPELD� *KDQD� ,YRU\

&RDVW� 0DOL� 1LJHU� 1LJHULD� 6HQHJDO� 7FKDG� (DVW $IULFD� .HQ\D� 0DGDJDVFDU�

0R]DPELTXH� 7DQ]DQLD� =DPELD� =LPEDEZH� DQG 1RUWK $IULFD� (J\SW� (WKLRSLD� 6XGDQ��

7KH ILWWHG H[SUHVVLRQV FRUUHFWHG IRU WKH EDVHOLQH OHYHO �L�H� QRW WDNLQJ LQWR DFFRXQW

PRUELGLW\ GXH WR RWKHU FDXVHV� ZHUH XVHG WR VWXG\ WKH SDWKRORJ\ RU PRUELGLW\ FDXVHG E\ 6�

KDHPDWRELXP LQIHFWLRQ� )LQDOO\� ZH XVHG WKH GHULYHG DVVRFLDWLRQV WR FRPSDUH WKH

SHUIRUPDQFH RI WKH GLIIHUHQW GLDJQRVWLF PHWKRGV�

��
���


:H ZHUH DEOH WR PDNH XVH RI GDWD IURP �� VWXGLHV FRQWDLQLQJ LQIRUPDWLRQ IURP �� VFKRROV

DQG �� FRPPXQLWLHV WR HVWLPDWH WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI 6� KDHPDWRELXP

LQIHFWLRQ DQG EODGGHU SDWKRORJ\ E\ XOWUDVRXQG �+HXUWLHU HW DO�� ����� /DPRWKH HW DO�� �����

$EGHO�:DKDE HW DO�� ����D� 'DER HW DO�� ����E� 6HULH\H HW DO�� ����� 0HGKDW HW DO�� �����

7UDRUp HW DO�� ����E� 'HOHJXH HW DO�� ����� 6XEUDPDQLDQ HW DO�� ����� *DUED HW DO�� �����

+DPPDP HW DO�� ����E� +DPPDP HW DO�� ����D� *DEU HW DO�� ����� +DELE HW DO�� ����� (O�

+DZH\ HW DO�� ����� *DUED HW DO�� ����� &KDPSDJQH HW DO�� ����� $EGHO�:DKDE HW DO�� ����E�

&DPSDJQH HW DO�� ������ 7KH SUHYDOHQFH RI EODGGHU SDWKRORJ\ ZDV FOHDUO\ IRXQG WR ULVH ZLWK

WKH SUHYDOHQFH RI LQIHFWLRQ �)LJXUH ���D�� 3UHYDOHQFHV IURP VFKRRO VXUYH\V ZHUH JHQHUDOO\

KLJKHU WKDQ IURP FRPPXQLW\ VXUYH\V ZLWK D FRPSDUDEOH SUHYDOHQFH RI LQIHFWLRQ� DV

GHPRQVWUDWHG E\ ERWK D GLIIHUHQFH LQ EDVHOLQH SUHYDOHQFH DQG D VWURQJHU DVVRFLDWLRQ ZLWK

LQIHFWLRQ� 7KH FDOFXODWHG EDVHOLQH SUHYDOHQFH ZDV ��� IRU VFKRROV DQG �� IRU FRPPXQLW\

VXUYH\V� $SSDUHQWO\� VFKRROFKLOGUHQ KDYH PRUH EODGGHU SDWKRORJ\ GXH WR RWKHU FDXVHV RU

DUH PRUH RIWHQ PLVFODVVLILHG E\ XOWUDVRXQG� 7KH FXUYHV ILQDOO\ UHDFKHG ��� IRU

VFKRROFKLOGUHQ DQG ��� IRU FRPPXQLWLHV� 3DWKRORJ\ SUHYDOHQFHV ZHUH VRPHZKDW KLJKHU LQ

:HVW $IULFD FRPSDUHG WR 1RUWK $IULFD �QRW VKRZQ�� EXW WKLV LV SDUWO\ H[SODLQHG E\ WKH IDFW

WKDW WKH ODWWHU PDLQO\ FRQFHUQHG FRPPXQLW\ VWXGLHV�
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(a) Bladder pathology (ultrasound)

0 20 40 60 80 100

0

20

40

60

80

100

(b) Micro-haematuria (reagent strip)
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(d) Macro-haematuria (visual examination)
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(c) Macro-haematuria (questionnaire)
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Figure 3.1: Observed associations between Schistosoma haematobium infection and early clinical
consequences. Prevalence of (a) bladder pathology by ultrasound, (b) micro-haematuria by reagent strip, (c)

macro-haematuria by questionnaire and (d) macro-haematuria by visual examination as a function of prevalence
of S. haematobium infection. Observations come from published studies and concern schools (•) or whole

communities (�). The curves are based on Equation 1 and represent schools (continuous line) or communities
(dashed line). Parameters for bladder pathology are a  =  0.13, b = 3.13 and c = 2.04 (schools) and a = 0.033, b =
1.35 and c = 1.78 (communities). Parameters for micro-haematuria detected by reagent strip testing are a = 0.16,

b = 2.90 and c = 2.14 (schools) and a = 0.24, b = 2.09 and c = 2.37 (communities). Parameters for macro-
haematuria detected by the questionnaire approach are a = 0.13, b = 1.17 and c = 1.91 (schools) and a = 0.11, b
= 1.12 and c = 1.88 (communities). Parameters for macro-haematuria detected by visual examination are a =

0.00, b = 0.38 and c = 1.50 (schools) and a = 0.00, b = 0.75 and c = 2.50 (communities).

'DWD IURP IRUW\�ILYH VWXGLHV FRPSULVLQJ �� VFKRROV DQG �� FRPPXQLWLHV ZDV DYDLODEOH WR

HYDOXDWH WKH SUHYDOHQFH RI PLFUR�KDHPDWXULD GHWHFWHG E\ UHDJHQW VWULS WHVWLQJ �:LONLQV HW

DO�� ����� :DUUHQ HW DO�� ����� 6HOOLQ HW DO�� ����� 0RWW HW DO�� ����� 0DVDED HW DO�� �����

6WHSKHQVRQ HW DO�� ����� 0RWW HW DO�� ����E� 6DUGD HW DO�� ����D� 6DUGD HW DO�� ����E� 2IRUL�

$GMHL HW DO�� ����� 6DUGD� ����� .LQJ HW DO�� ����D� .LQJ HW DO�� ����E� *LJDVH HW DO�� �����

1
*RUDQ HW DO�� ����� 7D\ORU HW DO�� ����� 6DYLROL HW DO�� ����� .LOLNX HW DO�� ����� 3UXDO HW DO��

����� (OWRXP HW DO�� ����� $EGHO�:DKDE HW DO�� ����D� %HOOR DQG (GXQJEROD� ����� .LWDQJH

HW DO�� ����� -HPDQHK HW DO�� ����� 0XQJRPED DQG .DOXPED� ����� (O�6D\HG HW DO�� �����

1GXND HW DO�� ����� %LUULH HW DO�� ����� 0WDVLZD HW DO�� ����� 0DIH� ����� /ZDPER HW DO��

����E� 2IRH]LH HW DO�� ����� 7UDRUp HW DO�� ����E� 5DVHQGUDPLQR HW DO�� ����� :DPDH DQG

/DPPLH� ����� +DOO DQG )HQWLPDQ� ����� *DUED HW DO�� ����� +DPPDP HW DO�� ����D�

+DPPDP HW DO�� ����E� *DEU HW DO�� ����� *DUED HW DO�� ����� $EGHO�:DKDE HW DO�� ����E�

&DPSDJQH HW DO�� ����� 1G\RPXJ\HQ\L DQG 0LQMDV� ����� $QRVLNH HW DO�� ������ $JDLQ� WKH
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SUHYDOHQFH RI KDHPDWXULD LQFUHDVHG PDUNHGO\ ZLWK WKH SUHYDOHQFH RI LQIHFWLRQ �)LJXUH

���E�� 6HSDUDWH DQDO\VLV IRU VFKRROV DQG FRPPXQLWLHV VKRZHG D VOLJKWO\ ORZHU EDVHOLQH

SUHYDOHQFH RI PLFUR�KDHPDWXULD �UHDJHQW VWULS� IRU VFKRROV ���� YV� ����� KRZHYHU� WKH

FXUYHV ODUJHO\ RYHUODSSHG DQG XOWLPDWHO\ UHDFKHG ��� IRU KLJKHU HQGHPLFLW\ OHYHOV� 7KH

ORZHU EDVHOLQH SUHYDOHQFH IRU VFKRROV ZDV PDLQO\ FDXVHG E\ RQH VWXG\ FRQWULEXWLQJ ��

REVHUYDWLRQV WR WKH DQDO\VLV� 7KH VDPH VWXG\ ZDV DOVR UHVSRQVLEOH IRU D VOLJKWO\ ORZHU

EDVHOLQH SUHYDOHQFH UDWH LQ (DVW $IULFD�

7ZHQW\�RQH VWXGLHV� FRPSULVLQJ ��� VFKRROV DQG �� FRPPXQLWLHV� SUHVHQWHG LQIRUPDWLRQ

RQ PDFUR�KDHPDWXULD WKDW KDG EHHQ REWDLQHG E\ TXHVWLRQQDLUH �:DUUHQ HW DO�� ����� 0DVDED

HW DO�� ����� 6DUGD HW DO�� ����D� /HQJHOHU HW DO�� ����� $GRP HW DO�� ����� (OWRXP HW DO�� �����

$EGHO�:DKDE HW DO�� ����D� 0XQJRPED DQG .DOXPED� ����� 6HULH\H HW DO�� ����� 0WDVLZD HW

DO�� ����� 0DIH� ����� 'HOHJXH HW DO�� ����� 7UDTXLQKR HW DO�� ����� 7UDRUp HW DO�� ����E� +DW]

HW DO�� ����� *X\DWW HW DO�� ����D� $EGHO�:DKDE HW DO�� ����E� *DEU HW DO�� ����� *DUED HW DO��

����� +DPPDP HW DO�� ����D� +DPPDP HW DO�� ����E� 1G\RPXJ\HQ\L DQG 0LQMDV� ������

6FKRROV DQG FRPPXQLWLHV VKRZHG YLUWXDOO\ LGHQWLFDO DVVRFLDWLRQV RI VHOI�UHSRUWHG PDFUR�

KDHPDWXULD UDWHV ZLWK WKH SUHYDOHQFH RI LQIHFWLRQ �)LJXUH ���F�� 7KH ILWWHG FXUYHV VWDUWHG DW

D EDVHOLQH SUHYDOHQFH RI DERXW ��� DQG ILQDOO\ UHDFKHG ���� 7KH PDMRULW\ RI GDWD SRLQWV

����� FDPH IURP � VWXGLHV LQ 7DQ]DQLD �/HQJHOHU HW DO�� ����� *X\DWW HW DO�� ����D�� 7KHVH

VWXGLHV GLG QRW XQGXO\ LQIOXHQFH WKH UHVXOWV� EHFDXVH FXUYHV VHSDUDWHO\ ILWWHG IRU HDFK VWXG\

GLG QRW PDUNHGO\ GLIIHU IURP HDFK RWKHU� QRU IURP WKDW RI WKH RWKHU �� VWXGLHV�

7KH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG PDFUR�KDHPDWXULD GHWHFWHG E\ YLVXDO

H[DPLQDWLRQ ZDV GHULYHG IURP �� DUWLFOHV FRQFHUQLQJ �� VFKRROV DQG �� FRPPXQLWLHV

�6HOOLQ HW DO�� ����� 6DUGD HW DO�� ����D� 6DUGD HW DO�� ����� 6DWR HW DO�� ����� 2]XPED HW DO��

����� (OWRXP HW DO�� ����� (PHMXOX HW DO�� ����� 0DIH� ����� /ZDPER HW DO�� ����E� *DUED HW

DO�� ����� &DPSDJQH HW DO�� ����� *DUED HW DO�� ����� &KLSSDX[ HW DO�� ����� 1G\RPXJ\HQ\L

DQG 0LQMDV� ������ 6FKRRO VXUYH\V DQG FRPPXQLW\ VXUYH\V ZLWK D ORZ SUHYDOHQFH RI

6� KDHPDWRELXP LQIHFWLRQ UHSRUWHG QR FDVHV RI PDFUR�KDHPDWXULD� \LHOGLQJ D EDVHOLQH

SUHYDOHQFH RI ���� �)LJXUH ���G�� 2YHUDOO� WKH SUHYDOHQFH RI PDFUR�KDHPDWXULD E\ YLVXDO

H[DPLQDWLRQ ZDV PDUNHGO\ ORZHU WKDQ IRU WKH RWKHU GLDJQRVWLF PHWKRGV� 7KH FXUYH IRU

VFKRROV DQG FRPPXQLWLHV LQLWLDOO\ RYHUODSSHG DQG VOLJKWO\ GLYHUJHG IRU KLJKHU SUHYDOHQFHV�

*HRJUDSKLFDO DUHD QRU VWXG\ VHWWLQJ LQIOXHQFHG WKH DVVRFLDWLRQ EHWZHHQ LQIHFWLRQ DQG

YLVLEO\ GHWHFWHG PDFUR�KDHPDWXULD�

7KH DVVRFLDWLRQV LQ )LJXUH ��� EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG EODGGHU SDWKRORJ\ DQG

KDHPDWXULD ZHUH VXPPDULVHG �)LJXUH ���D�� $V QR VLJQLILFDQW GLIIHUHQFH ZDV IRXQG

EHWZHHQ WKH FXUYHV IRU KDHPDWXULD LQ VFKRROFKLOGUHQ DQG FRPPXQLWLHV� WKHVH ZHUH

FRPELQHG �S!���� E\ FR�YDULDQFH DQDO\VLV IRU DOO WKUHH PHWKRGV�� $W DOO OHYHOV RI LQIHFWLRQ�

WKH SUHYDOHQFHV HVWLPDWHG E\ HDFK RI WKH WKUHH PHWKRGV GLG QRW YDU\ LQ WHUPV RI RUGHU�

PLFUR�KDHPDWXULD �GHWHFWHG E\ UHDJHQW VWULS VFUHHQLQJ� VKRZHG WKH KLJKHVW SUHYDOHQFH�

IROORZHG E\ PDFUR�KDHPDWXULD GHWHUPLQHG E\ TXHVWLRQQDLUH� DQG ODVWO\� PDFUR�KDHPDWXULD

GHWHFWHG E\ YLVXDO H[DPLQDWLRQ� $IWHU FRUUHFWLQJ IRU EDVHOLQH� L�H� PRUELGLW\ GXH WR RWKHU

FDXVHV �IDOVH SRVLWLYHV�� D SURSRUWLRQDO KDHPDWXULD GHWHFWLRQ UDWH ZDV IRXQG� FRUUHVSRQGLQJ
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ZLWK D UDWLR RI DERXW ����� IRU WKHVH WKUHH PHWKRGV RYHU DOO SUHYDOHQFH RI LQIHFWLRQ OHYHOV

�)LJXUH ���E��

0 20 40 60 80
0

20

40

60

80

0 20 40 60 80
0

20

40

60

80

P
re

va
le

nc
e 

of
 p

at
ho

lo
gy

/m
or

bi
di

ty
 (

%
)

Prevalence of infection (%)

(a) Original curves

(b) Corrected for baseline

Figure 3.2: Predicted associations between Schistosoma haematobium infection and early clinical
consequences. Summary of fitted curves from Figure 3.1 between prevalence of infection and prevalences of

bladder pathology (thin lines), micro-haematuria by reagent strip (thick continuous line), and macro-haematuria

by questionnaire (thick evenly dashed line) or visual examination of a urine sample (thick long-short dashed line),
using the original curves (a) and after correction for baseline prevalence of morbidity or pathology due to other
causes or misclassification (b). Separate curves are given for bladder pathology in schoolchildren (thin

continuous line) and whole communities (thin dashed line) (see Figure 3.1 for parameter values). For haematuria
combined curves are given, with parameters a = 0.18, b = 2.53 and c = 2.07 (reagent strip), a = 0.12, b = 1.17
and c = 1.90 (questionnaire), and a = 0.00, b = 0.56 and c = 2.11 (visual examination). At 50% prevalence of

infection, the corresponding prevalences of haematuria corrected for baseline morbidity are indicated by the
squares.

)RU H[DPSOH� DW D ��� RI LQIHFWLRQ OHYHO� WKH FRUUHVSRQGLQJ SUHYDOHQFH RI KDHPDWXULD GXH

WR 6� KDHPDWRELXP LQIHFWLRQ ZDV ��� IRU GHWHFWLRQ E\ UHDJHQW VWULS WHVWLQJ� ��� ZKHQ XVLQJ

WKH TXHVWLRQQDLUH DSSURDFK DQG ��� XVLQJ WKH YLVXDO H[DPLQDWLRQ PHWKRG� 7KH

DVVRFLDWLRQV RI LQIHFWLRQ DQG EODGGHU SDWKRORJ\ IRU VFKRROV DQG FRPPXQLWLHV ZHUH DOVR

SURSRUWLRQDO WR WKRVH RI KDHPDWXULD� ZLWK EODGGHU SDWKRORJ\ LQ VFKRROFKLOGUHQ ��� DERYH

DQG EODGGHU SDWKRORJ\ LQ FRPPXQLWLHV ��� EHORZ PLFUR�KDHPDWXULD� +HQFH� VWXGLHV LQ
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FRPPXQLWLHV VKRZHG DERXW ��� OHVV EODGGHU SDWKRORJ\ GXH WR 6� KDHPDWRELXP WKDQ VWXGLHV

LQ VFKRROFKLOGUHQ ZLWK WKH VDPH SUHYDOHQFH RI LQIHFWLRQ �)LJXUH ���E��

�	
��

	��

,W LV UHDVVXULQJ WR KDYH EHHQ DEOH WR GHPRQVWUDWH WKDW WKH IRXU PHWKRGV HPSOR\HG WR

GHWHFW HDUO\ SDWKRORJ\ RU PRUELGLW\ GXH WR 6� KDHPDWRELXP DOO VKRZHG D FOHDU DQG FRQVLVWHQW

DVVRFLDWLRQ ZLWK SUHYDOHQFH RI LQIHFWLRQ� $OVR� LQ OLQH ZLOO H[SHFWDWLRQ� WKH SUHYDOHQFH RI

PLFUR�KDHPDWXULD GHWHUPLQHG E\ UHDJHQW VWULS WHVWLQJ ZDV KLJKHU WKDQ WKDW RI PDFUR�

KDHPDWXULD UHSRUWHG E\ TXHVWLRQQDLUH� ZKLFK LQ WXUQ ZDV KLJKHU WKDQ WKH SUHYDOHQFH RI

YLVLEO\ GHWHFWHG PDFUR�KDHPDWXULD� )XUWKHUPRUH� WKH IDFW WKDW SUHYLRXV VWXGLHV WKDW

H[SORUHG DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG KDHPDWXULD ² PHDVXUHG E\

UHDJHQW VWULS �-HPDQHK HW DO�� ����� /ZDPER HW DO�� ����E�� TXHVWLRQQDLUH �/HQJHOHU HW DO��

����� $PDOL� ����� RU YLVXDO H[DPLQDWLRQ �&KLSSDX[ HW DO�� ����� ² IRXQG SDWWHUQV VLPLODU

WR WKH FXUUHQW VWXG\� LQ ZKLFK DOO DYDLODEOH REVHUYDWLRQV IURP WKH GLIIHUHQW ILHOG VWXGLHV DQG

JHRJUDSKLFDO DUHDV ZHUH DJJUHJDWHG� LV FRQYLQFLQJ�

2XU PHWKRGRORJ\ RIIHUV D FORVHU ORRN DW WKH SHUIRUPDQFH RI WKH GLIIHUHQW GLDJQRVWLF

WHFKQLTXHV DQG WKHLU �ELRORJLFDO� UHODWLRQ �)LJXUH ����� 7KH EDVHOLQH OHYHOV �SDUDPHWHU D LQ

WKH HTXDWLRQ� RI WKH HVWLPDWHG FXUYHV FRUUHVSRQG WR D ´XQLYHUVDOµ SURSRUWLRQ RI IDOVH

SRVLWLYHV� L�H� WKRVH VKRZLQJ SRVLWLYH WHVW UHVXOWV GXH WR PLVFODVVLILFDWLRQ RU RWKHU

GLVHDVHV�LQIHFWLRQV WKDQ 6� KDHPDWRELXP� ,Q RXU PHWKRGRORJ\� WKLV SURSRUWLRQ IROORZHG

IURP VWXGLHV LQ SRSXODWLRQV XQLQIHFWHG ZLWK 6� KDHPDWRELXP RU ZLWK ORZ HQGHPLFLW\� :H

EHOLHYH WKLV WR EH VXSHULRU WR WKH FRPPRQ PHWKRG RI XVLQJ WKH SUHVHQFH RU DEVHQFH RI

GHWHFWHG LQIHFWLRQ LQ LQGLYLGXDOV DV D JROG VWDQGDUG� ,Q VXFK VWXGLHV� RQO\ D OLPLWHG DPRXQW

RI XULQH �RQH WR WKUHH UHSHDWHG VWDQGDUG �� PO XULQH ILOWUDWLRQV �0XUDUH DQG 7D\ORU� �����

1
*RUDQ HW DO�� ����� .LOLNX HW DO�� ����� .LWDQJH HW DO�� ����� (O�6D\HG HW DO�� �����

7UDTXLQKR HW DO�� ����� *X\DWW HW DO�� ����D� *DUED HW DO�� ������ LV XVXDOO\ XVHG� VR WKDW PDQ\

FDVHV WHQG WR JR XQGLDJQRVHG� 7KLV UHVXOWV LQ DQ RYHUHVWLPDWLRQ RI IDOVH SRVLWLYH WHVW UHVXOWV

DQG WKXV DOVR LQ DQ XQGHUHVWLPDWLRQ RI WKH VSHFLILFLW\ RI WKH WHVW �'H 9ODV DQG *U\VHHOV�

������ ,Q RXU VWXG\� WKH VSHFLILFLW\ RI WKH GLIIHUHQW GLDJQRVWLF WHFKQLTXHV VLPSO\ IROORZV

IURP ���� ² EDVHOLQH SUHYDOHQFH� H�J� IRU KDHPDWXULD� WKH VSHFLILFLW\ LV UHVSHFWLYHO\ ���

IRU VFUHHQLQJ E\ UHDJHQW VWULS� ��� IRU WKH TXHVWLRQQDLUH PHWKRG DQG ���� IRU WKH YLVXDO

H[DPLQDWLRQ PHWKRG� 7KH VHQVLWLYLW\ LV XQDEOH WR EH GLUHFWO\ GHWHUPLQHG E\ RXU

PHWKRGRORJ\� DV WKH QXPEHU RI LQGLYLGXDOV ZLWK EORRG LQ WKHLU XULQH GXH WR 6� KDHPDWRELXP

LQIHFWLRQ WKDW JRHV XQGHWHFWHG LV XQNQRZQ �IDOVH QHJDWLYHV�� +RZHYHU� WKH SURSRUWLRQDO

GLIIHUHQFHV EHWZHHQ WKH FXUYHV LQ )LJXUH ���E SURYLGH VRPH LQGLFDWLRQ RI KRZ PDQ\ FDVHV

DUH DW OHDVW PLVVHG E\ WKH UHVSHFWLYH WHFKQLTXHV�

:H DVVXPHG WKDW WKH EDVHOLQH SUHYDOHQFHV GR QRW GHSHQG RQ HQGHPLFLW\� 7KLV PD\ EH DQ

RYHUVLPSOLILFDWLRQ� DV LQIHFWLRXV GLVHDVHV WHQG WR FOXVWHU �%RRWK HW DO�� ����D�� )RU H[DPSOH�

WKH ULVN RI ERWK VFKLVWRVRPLDVLV DQG XULQDU\ LQIHFWLRQ �DOVR UHVSRQVLEOH IRU KDHPDWXULD� ZLOO

SUREDEO\ EH KLJKHU LQ HQYLURQPHQWV ZLWK QR VDQLWDU\ IDFLOLWLHV DYDLODEOH� $OVR� LQGLYLGXDOV

OLYLQJ LQ WKH SRRUHVW UXUDO DUHDV DUH OLNHO\ WR KDYH QXWULWLRQDO GHILFLHQFLHV� PDNLQJ WKHP
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PRUH VXVFHSWLEOH WR DQ\ GLVHDVH� :KLOH WKH FOXVWHULQJ RI GLVHDVH PD\ KDYH UHVXOWHG LQ

VRPHZKDW VWHHSHU OLQHV� WKH UHODWLRQ EHWZHHQ WKH GLIIHUHQW FXUYHV ZLOO QRW KDYH EHHQ

VHULRXVO\ DIIHFWHG� 7KH SURSRUWLRQ RI IDOVH SRVLWLYH WHVW UHVXOWV GXH WR PLVFODVVLILFDWLRQ LV

QRW OLNHO\ WR EH DVVRFLDWHG ZLWK WKH SUHYDOHQFH RI VFKLVWRVRPH LQIHFWLRQ�

$IWHU FRUUHFWLQJ IRU IDOVH SRVLWLYHV� WKH SUHYDOHQFH RI XOWUDVRXQG GHWHFWHG SDWKRORJ\ LQ

VFKRROFKLOGUHQ DSSHDUHG WR EH ODUJHO\ SDUDOOHO �DOZD\V DERXW ��� ORZHU� WR WKDW RI

LQIHFWLRQ� $V VWDWHG DERYH� PDQ\ LQIHFWHG FDVHV DUH PLVVHG E\ VWDQGDUG SDUDVLWRORJLFDO

VFUHHQLQJ DQG DUH QRW LQFOXGHG LQ WKH SUHYDOHQFH RI LQIHFWLRQ� 7KHUHIRUH� PRUH WKDQ D IL[HG

��� RI WKH FKLOGUHQ ZLOO EH LQIHFWHG ZLWK 6� KDHPDWRELXP LQIHFWLRQ EXW ZLOO KDYH QR

XOWUDVRXQG GHWHFWDEOH SDWKRORJ\� 1HYHUWKHOHVV� D ��� SUHYDOHQFH RI �GHWHFWHG� LQIHFWLRQ

PHDQV WKDW KDUGO\ DQ\ FDVHV ZLWK DQ LQIHFWLRQ LQWHQVLW\ KLJK HQRXJK WR VKRZ 6�

KDHPDWRELXP�UHODWHG SDWKRORJ\ ZLOO RFFXU� ZKHUHDV DQ ��� SUHYDOHQFH RI LQIHFWLRQ �DQG D

SUREDEOH ���� LQIHFWLRQ UDWH� FDXVHV WKLV SHUFHQWDJH WR ULVH WR ���� 7KLV FOHDUO\

GHPRQVWUDWHV WKH LPSDFW RI LQFUHDVLQJ LQWHQVLW\ RI LQIHFWLRQ �DQG ULVN RI GHYHORSLQJ

GLVHDVH� ZLWK LQFUHDVLQJ SUHYDOHQFH RI LQIHFWLRQ�

6XUSULVLQJO\� WKH SUHYDOHQFH RI EODGGHU SDWKRORJ\ PHDVXUHG E\ XOWUDVRQRJUDSK\ ZDV

FRQVLGHUDEO\ ORZHU LQ FRPPXQLWLHV WKDQ LQ VFKRROFKLOGUHQ ZLWK WKH VDPH SUHYDOHQFH RI

LQIHFWLRQ� &KLOGUHQ VKRZHG ERWK PRUH IDOVH SRVLWLYH UHVXOWV �KLJKHU EDVHOLQH SUHYDOHQFH LQ

)LJXUH ���D� DQG D VWURQJHU DVVRFLDWLRQ ZLWK LQIHFWLRQ �)LJXUH ���E�� 7KH GLIIHUHQFH

EHWZHHQ DGXOWV DQG FKLOGUHQ DUH LQ DFWXDO IDFW OLNHO\ WR EH HYHQ ODUJHU� DV FRPPXQLW\

REVHUYDWLRQV DOVR LQFOXGH FKLOGUHQ� $VVXPLQJ WKDW FKLOGUHQ PDNH XS ��� RI D FRPPXQLW\�

WKH FXUYH IRU FRPPXQLWLHV LV H[SHFWHG WR EH ORFDWHG VRPHZKHUH KDOIZD\ EHWZHHQ

VFKRROFKLOGUHQ DQG DGXOWV� 7KH ODUJH GLIIHUHQFH LQ EDVHOLQH SUHYDOHQFH IRU VFKRROFKLOGUHQ

����� DQG FRPPXQLWLHV ���� ZRXOG DSSHDU WR VXJJHVW WKDW IDOVH SRVLWLYH XOWUDVRXQG UHVXOWV

GR QRW RFFXU LQ DGXOWV� +RZHYHU� WKH EDVHOLQH OHYHO IRU FRPPXQLWLHV ZDV

GLVSURSRUWLRQDWHO\ GHWHUPLQHG E\ VL[ REVHUYDWLRQV IURP D VHULHV RI SXEOLFDWLRQV IURP RQH

VWXG\ LQ (J\SW �+DPPDP HW DO�� ����D� +DPPDP HW DO�� ����E� *DEU HW DO�� ����� $EGHO�

:DKDE HW DO�� ����E� (O�+DZH\ HW DO�� ����� +DELE HW DO�� ������ 7KLV H[WHQVLYH VWXG\� ZKLFK

UHSRUWHG UHODWLYHO\ ORZ SUHYDOHQFHV RI EODGGHU SDWKRORJ\ �SRVVLEO\ GXH WR D YHU\ JRRG

TXDOLW\ FRQWURO� LQ ORZ HQGHPLF VLWXDWLRQV� PD\ KDYH UHVXOWHG LQ VRPH XQGHUHVWLPDWLRQ RI

WKH UDWH RI IDOVH SRVLWLYHV� EXW LW FRXOG RQO\ DFFRXQW IRU KDOI RI WKH GLIIHUHQFH EHWZHHQ

VWXGLHV RQ FKLOGUHQ DQG FRPPXQLWLHV� 7KXV� PLVFODVVLILFDWLRQ RU IDOVH SRVLWLYH UHVXOWV GXH

WR RWKHU GLVHDVHV VXFK DV XULQDU\ WUDFW LQIHFWLRQV DQG XUHWKUDO VWHQRVLV VHHP WR EH

VXEVWDQWLDOO\ PRUH SUHYDOHQW LQ FKLOGUHQ WKDQ DGXOWV� ,W LV QRW FOHDU ZK\ WKLV VKRXOG EH WKH

FDVH�

2XU ILQGLQJ WKDW DERXW ��� OHVV 6� KDHPDWRELXP�UHODWHG EODGGHU SDWKRORJ\ ZDV IRXQG LQ

FRPPXQLW\ VWXGLHV WKDQ LQ VWXGLHV LQ VFKRROFKLOGUHQ� JLYHQ WKH VDPH SUHYDOHQFH RI

LQIHFWLRQ� PD\ DOVR KDYH EHHQ VXEMHFW WR ELDV� LQ SDUWLFXODU DV WKH QXPEHU RI REVHUYDWLRQV

ZDV UDWKHU ORZ� +RZHYHU� LQ PRGHUDWH WR KLJK HQGHPLF DUHDV� DOPRVW FRQVLVWHQWO\ ORZHU

SUHYDOHQFHV ZHUH VHHQ LQ FRPPXQLW\ VWXGLHV WKDQ LQ VWXGLHV RQ VFKRROFKLOGUHQ �)LJXUH

���D�� 2WKHU VWXGLHV FRUURERUDWH WKH ILQGLQJ WKDW ORZHU UDWHV RI XOWUDVRQRJUDSKLFDOO\
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GHWHFWHG EODGGHU SDWKRORJ\ DUH VHHQ LQ DGXOWV WKDQ LQ FKLOGUHQ� ,Q WKH IRXU VWXGLHV ZKHUH

REVHUYDWLRQV IRU FKLOGUHQ DQG DGXOWV ZHUH UHSRUWHG VHSDUDWHO\ �+HXUWLHU HW DO�� �����

/DPRWKH HW DO�� ����� 6HULH\H HW DO�� ����� 7UDRUp HW DO�� ����E�� SUHYDOHQFHV RI SDWKRORJ\ LQ

FKLOGUHQ ZHUH DOZD\V FRQVLGHUDEO\ KLJKHU WKDQ LQ DGXOWV� HYHQ DIWHU FRUUHFWLRQ IRU IDOVH

SRVLWLYHV DQG WKH GLIIHUHQFH LQ SUHYDOHQFH RI LQIHFWLRQ� 0RUHRYHU� WKH VWXG\ E\ +HXUWLHU

�+HXUWLHU HW DO�� ������ ZKLFK ZDV WKH RQO\ RQH WKDW SUHVHQWHG SUHYDOHQFHV RI EODGGHU

SDWKRORJ\ IRU GLIIHUHQW DJHV DQG HJJ FRXQW JURXSV� UHSRUWHG D SUHYDOHQFH RI ��� LQ ��

FKLOGUHQ ZLWK ���� HJJV��� PO XULQH� YHUVXV RQO\ ��� LQ �� DGXOWV RI WKH VDPH HJJ FRXQW

JURXS �S  ������ 7KH GLIIHUHQFH LQ SUHVHQFH RI �XOWUDVRXQG GHWHFWHG� EODGGHU SDWKRORJ\

EHWZHHQ FKLOGUHQ DQG DGXOWV FRXOG EH H[SODLQHG E\ D PRUH SRWHQW LPPXQH UHVSRQVH LQ

FKLOGUHQ� +RZHYHU� RXU UHVXOWV RQ KDHPDWXULD ZHUH YHU\ FRQVLVWHQW LQ VKRZLQJ HTXDO OHYHOV

RI PRUELGLW\ IRU FKLOGUHQ DQG FRPPXQLWLHV �DQG WKXV DGXOWV�� $V KDHPDWXULD UHVXOWV IURP

WKH VDPH PHFKDQLVP� L�H� EODGGHU OHVLRQV IURP HJJV WKDW JHW WUDSSHG LQ WKH EODGGHU PXFRVD

�0RWW HW DO�� ����� +DW] HW DO�� ������ ZH ZRXOG H[SHFW HTXDO OHYHOV RI SDWKRORJ\ IRU FKLOGUHQ

DQG DGXOWV ZLWK WKH VDPH SUHYDOHQFH RI LQIHFWLRQ� 7KXV� WKH PRVW SODXVLEOH H[SODQDWLRQ LV

WKDW XOWUDVRXQG OHDYHV D FRQVLGHUDEOH QXPEHU RI DGXOWV ZLWK EODGGHU SDWKRORJ\ XQGHWHFWHG�

$SDUW IURP WKRVH ZLWK 6� KDHPDWRELXP�UHODWHG EODGGHU SDWKRORJ\� WKLV FRXOG DOVR FRQFHUQ

FDVHV ZLWK SDWKRORJ\ IURP RWKHU GLVHDVHV �IDOVH SRVLWLYHV�� 2QH H[SODQDWLRQ ZRXOG EH WKDW

WKH LQWHUQDWLRQDOO\ DJUHHG VWDQGDUGV WR GHILQH EODGGHU SDWKRORJ\ E\ XOWUDVRXQG �&DLUR

:RUNLQJ *URXS� ����� 5LFKWHU HW DO�� ����� FDQQRW VLPSO\ EH XVHG LUUHVSHFWLYH RI DJH�

6HSDUDWH FULWHULD IRU FKLOGUHQ DQG DGXOWV VKRXOG EH GHYHORSHG�

,Q DFFRUGDQFH ZLWK WKH JHQHUDO FKDUDFWHULVWLFV RI WKH WKUHH PHWKRGV XVHG WR GHWHFW

KDHPDWXULD� UHDJHQW VWULS WHVWLQJ KDG D KLJKHU EDVHOLQH SUHYDOHQFH DQG VWURQJHU DVVRFLDWLRQ

ZLWK LQIHFWLRQ FRPSDUHG WR PDFUR�KDHPDWXULD HVWDEOLVKHG E\ WKH TXHVWLRQQDLUH DSSURDFK�

DQG E\ YLVXDO H[DPLQDWLRQ� ,Q WKH ILUVW SODFH� RFFXOW EORRG LQ XULQH FDQ EH GHWHFWHG ZLWK WKH

KHOS RI UHDJHQW VWULSV �KLJK VHQVLWLYLW\ IRU GHWHFWLRQ RI KDHPDWXULD� L�H� ! � HU\WKURF\WHV�¬O

�%HH HW DO�� ����� .DLVHU HW DO�� ������� \HW ZLOO QRW EH UHSRUWHG QRU GHWHFWHG E\ YLVXDO

H[DPLQDWLRQ� 7KH ODWWHU PHWKRGV DUH WKRXJKW WR VHOHFW FDVHV ZLWK UHODWLYHO\ KHDY\ LQIHFWLRQ

DQG PRUH VHYHUH SDWKRORJ\ �/ZDPER HW DO�� ����E�� 6HFRQGO\� KDHPDWXULD GXH WR 6�

KDHPDWRELXP LQIHFWLRQ LV WUDQVLWRU\ �-RUGDQ HW DO�� ����� &KHQ DQG 0RWW� ������ LPSO\LQJ WKDW

PDFUR�KDHPDWXULD KDV D KLJKHU FKDQFH RI EHLQJ GHWHFWHG YLD WKH TXHVWLRQQDLUH PHWKRG

WKDQ DIWHU WKH YLVXDO H[DPLQDWLRQ RI D VLQJOH XULQH VDPSOH� *LYHQ D GHWHFWLRQ UDWLR RI ���

�)LJXUH ���E�� DW OHDVW ��� RI PDFUR�KDHPDWXULD FDVHV ZLOO EH PLVVHG ZKHQ UHO\LQJ VROHO\

RQ D YLVXDO H[DPLQDWLRQ� $OO FDVHV ZLWK PDFUR�KDHPDWXULD GHWHFWHG E\ HLWKHU YLVXDO

H[DPLQDWLRQ RU TXHVWLRQQDLUHV WKDW DUH WUXO\ DWWULEXWDEOH WR 6� KDHPDWRELXP LQIHFWLRQ ZLOO LQ

DOO OLNHOLKRRG \LHOG D SRVLWLYH UHDJHQW VWULS WHVW� ,W LV WKHUHIRUH QRW OLNHO\ WKDW TXHVWLRQQDLUHV

RU YLVXDO H[DPLQDWLRQ RI D XULQH VDPSOH ZLOO DGG WR WKH LQIRUPDWLRQ GHULYHG IURP WKH

UHDJHQW VWULS UHVXOWV� 7KH RQH VWXG\ WKDW SUHVHQWHG LQGLYLGXDO UHVXOWV E\ UHDJHQW VWULS DQG

TXHVWLRQQDLUH UHYHDOHG WKDW RQO\ �� LQGLYLGXDOV RI WKH ��� ZKR KDG QHJDWLYH UHDJHQW VWULS

WHVWV UHSRUWHG KDYLQJ KDHPDWXULD �0WDVLZD HW DO�� ������ 7KLV VPDOO SURSRUWLRQ ������ FDQ

HDVLO\ EH H[SODLQHG E\ WKH UDWH RI IDOVH SRVLWLYHV WKDW UHVXOWHG IURP RXU VWXG\� )DOVH UHSRUWV
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RI EORRG LQ XULQH HDVLO\ UHVXOW� HVSHFLDOO\ ZKHQ EURZQLVK�FRORXUHG FRQFHQWUDWHG XULQH LV

PLVWDNHQ IRU EORRG� D PLVWDNH ZKLFK LV IDU OHVV OLNHO\ WR RFFXU GXULQJ YLVXDO H[DPLQDWLRQ RI

D XULQH VDPSOH� D SURFHGXUH ZKLFK LV QRUPDOO\ SHUIRUPHG E\ D WUDLQHG KHDOWK ZRUNHU� 2Q

WKH RWKHU KDQG� WKH TXHVWLRQQDLUH PHWKRG PD\ DOVR XQGHUGLDJQRVH KDHPDWXULD� DV

LQGLYLGXDOV PD\ FRQVLGHU EORRG LQ XULQH DV D YHQHUHDO GLVHDVH DQG IHHO DVKDPHG �$PD]LJR HW

DO�� ������ RU IRUJHW UHFHQW HSLVRGHV RI KDHPDWXULD� HVSHFLDOO\ LQ DUHDV ZKHUH EORRG LQ XULQH

LV QRW FRQVLGHUHG D SUREOHP �7D\ORU HW DO�� ����� $U\HHWH\ HW DO�� ������ +RZHYHU� LQ WKH OLJKW

RI WKH IDFW WKDW ��� PRUH WUXO\ SRVLWLYH FDVHV DUH GHWHFWHG E\ UHDJHQW VWULS VFUHHQLQJ

�JLYHQ WKH UDWLR RI ��� LQ )LJXUH ���E�� PRVW RI ZKLFK ZLOO QRW KDYH JURVV KDHPDWXULD� WKLV

XQGHUGLDJQRVLV LV QRW H[SHFWHG WR SRVH SUREOHPV� 5HJDUGLQJ WKH SRVVLELOLW\ RI UHFDOO ELDV� LW

LV DOVR LQWHUHVWLQJ WR QRWH WKDW OHQJWK RI WKH UHFDOO SHULRG XVHG LQ WKH VWXGLHV LQFOXGHG

�XVXDOO\ � RU � ZHHNV� SURYHG WR EH RI QR LPSRUWDQFH �9DQ GHU :HUI HW DO�� LQ SUHVV�F�� 7KH

SURSRUWLRQ RI SRVLWLYH UHDJHQW VWULSV QRW DWWULEXWDEOH WR 6� KDHPDWRELXP LV HYHQ KLJKHU WKDQ

WKH SURSRUWLRQ IDOVH SRVLWLYHV E\ TXHVWLRQQDLUH� 7KLV LV EHFDXVH RWKHU �PHGLFDO� FDXVHV VXFK

DV XULQDU\ WUDFW LQIHFWLRQV� VH[XDOO\ WUDQVPLWWHG GLVHDVHV DQG PHQVWUXDWLRQ PDLQO\ UHVXOW LQ

YHU\ VPDOO TXDQWLWLHV RI EORRG LQ XULQH� XVXDOO\ QRW YLVLEOH WR WKH H\H� 7KHVH FDXVHV PD\ EH

PRUH SUHYDOHQW LQ DGXOWV WKDQ LQ FKLOGUHQ �0RKU HW DO�� ����� 'RGJH HW DO�� ������ WKHUHE\

H[SODLQLQJ WKH GLIIHUHQFH LQ EDVHOLQH OHYHOV EHWZHHQ FRPPXQLWLHV DQG VFKRROFKLOGUHQ ����

YV� ����� +RZHYHU� WKLV GLIIHUHQFH LV QRW VLJQLILFDQW DQG GLVDSSHDUV DW KLJKHU HQGHPLFLW\

OHYHOV �SUHYDOHQFH RI LQIHFWLRQ !����� 8OWLPDWHO\� LQ FKRRVLQJ EHWZHHQ WKH WKUHH PHWKRGV

IRU GHWHFWLQJ KDHPDWXULD� WKH REMHFWLYHV RI WKH UHVHDUFK RU FRQWURO SURJUDPPH DQG WKH

UHVRXUFHV DYDLODEOH DUH GHFLVLYH� 0DQ\ IDOVH SRVLWLYH RXWFRPHV ZLOO OHDG WR XQQHFHVVDU\

WUHDWPHQW RI FDVHV ZLWK QR �RU ORZ� LQIHFWLRQV DQG FRQVHTXHQWO\ KLJK GUXJ FRVW� ZKHUHDV

PDQ\ IDOVH QHJDWLYHV ZLOO OLPLW WKH HIIHFW RI WKH LQWHUYHQWLRQ� 7KH TXHVWLRQQDLUH PHWKRG

PD\ VRPHWLPHV EH IDYRXUDEOH� DV LW UHTXLUHV IHZHU PDWHULDOV DQG SHUVRQQHO WUDLQLQJ WKDQ

GRHV WKH XVH RI UHDJHQW VWULSV RU WKH YLVXDO H[DPLQDWLRQ DSSURDFK�

:H ZHUH DOVR DEOH WR HYDOXDWH WKH SHUIRUPDQFH RI WKH WKUHH KDHPDWXULD GHWHFWLRQ

WHFKQLTXHV IRU FDWHJRULVLQJ FRPPXQLWLHV LQ WKH :+2 UHFRPPHQGHG WUHDWPHQW VWUDWHJLHV

�:+2� ����� ZLWK WKH KHOS RI RXU GDWDEDVH� 7KH SHUIRUPDQFH RI KDHPDWXULD IRU

LGHQWLI\LQJ FRPPXQLWLHV EHORZ RU DERYH WKH FXW�RII YDOXHV RI ��� DQG ��� SUHYDOHQFH RI

6� KDHPDWRELXP LQIHFWLRQ ZDV FRPSDUDEOH EHWZHHQ WKH WKUHH PHWKRGV �$SSHQGL[ �%��

$ERXW ��� WR ��� RI FRPPXQLWLHV DQG VFKRROV ZRXOG UHPDLQ LQ WKH VDPH FDWHJRU\ DV

ZKHQ XVLQJ WKH :+2 UHFRPPHQGHG FXW�RII YDOXHV EDVHG RQ LQIHFWLRQ� 2QO\ WKUHH VFKRROV

ZRXOG EH VHULRXVO\ PLVFODVVLILHG E\ YLVXDO H[DPLQDWLRQ RI D XULQH VDPSOH� L�H� QR WUHDWPHQW

LQVWHDG RI PDVV WUHDWPHQW RI WKH HQWLUH SRSXODWLRQ� *LYHQ WKH SUDFWLFDO DGYDQWDJHV RI WKH

TXHVWLRQQDLUH PHWKRG� ZH FRQVLGHU LW WKH EHVW DOWHUQDWLYH WR LQIHFWLRQ IRU FKHDS DQG VLPSOH

LGHQWLILFDWLRQ RI FRPPXQLWLHV LQ QHHG RI WUHDWPHQW�

,Q FRQFOXVLRQ� ��� WKH GHWHFWLRQ PHWKRGV IRU HDUO\ FOLQLFDO SDWKRORJ\ DQG PRUELGLW\ VKRZ

PDUNHG DVVRFLDWLRQV ZLWK SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ� ��� XOWUDVRXQG GHWHFWV

IHZHU FDVHV ZLWK EODGGHU SDWKRORJ\ LQ DGXOWV FRPSDUHG WR FKLOGUHQ ZLWK WKH VDPH GHJUHH RI

SDWKRORJ\� ��� DIWHU FRUUHFWLRQ IRU IDOVH SRVLWLYHV� SUHYDOHQFHV RI KDHPDWXULD GXH WR 6�
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KDHPDWRELXP DUH DOPRVW SURSRUWLRQDO� ZLWK D UDWLR RI UHDJHQW VWULS � TXHVWLRQQDLUH � YLVXDO

H[DPLQDWLRQ RI ������ ��� DV WKH TXHVWLRQQDLUH PHWKRG GRHV QRW KDYH WHVW FKDUDFWHULVWLFV

PDUNHGO\ LQIHULRU WR WKH RWKHU GLDJQRVWLF WHFKQLTXHV� LWV DGYDQWDJH LQ WHUPV RI UHTXLUHG

FRVW� WLPH DQG SHUVRQQHO ZLOO XVXDOO\ PDNH LW WKH PHWKRG RI FKRLFH IRU ERWK LQGLYLGXDO DQG

FRPPXQLW\ GLDJQRVLV� ��� RXU PHWKRGRORJ\ FDQ DOVR EH DSSOLHG IRU RWKHU LQIHFWLRXV

GLVHDVHV� SDUWLFXODUO\ WKRVH LQ ZKLFK GHYHORSPHQW RI GLVHDVH GHSHQGV RQ WKH LQWHQVLW\ RI

LQIHFWLRQ�

���������������


:H JUDWHIXOO\ DFNQRZOHGJH &KULVWRSKHU +DW]� %UXQR *U\VHHOV� .DWMD 3ROPDQ� 1LFR -�'�

1DJHONHUNH DQG *HUDUG -�-�0� %RUVERRP IRU FULWLFDO FRPPHQWV DQG PHWKRGRORJLFDO

VXSSRUW�

7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH PXOWLGLVFLSOLQDU\ SURJUDPPH �0RGHO�EDVHG

GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL DQG 6HQHJDO� IXQGHG E\ 7KH

1HWKHUODQGV )RXQGDWLRQ IRU WKH $GYDQFHPHQW RI 7URSLFDO 5HVHDUFK �:2752�� :H DUH

DOVR LQGHEWHG WR WKH 'HSDUWPHQW RI &RPPXQLFDEOH 'LVHDVHV &RQWURO� 3UHYHQWLRQ DQG

(UDGLFDWLRQ� :RUOG +HDOWK 2UJDQL]DWLRQ� *HQHYD� 6ZLW]HUODQG IRU ILQDQFLDO VXSSRUW�
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)RU D JLYHQ VFKRRO RU FRPPXQLW\� ZH DVVXPH D SUHYDOHQFH ��� RI SDWKRORJ\ RU PRUELGLW\

< WR EH D IXQFWLRQ RI SUHYDOHQFH ��� RI LQIHFWLRQ ; DFFRUGLQJ WR

<����  �D � E �;����� F���� � E �;����� F�

ZLWK EDVHOLQH SDUDPHWHU D �� � D � �� DQG VKDSH SDUDPHWHUV E �E ! �� DQG F �F ! ��� 7KH

HTXDWLRQ KDV D ILUVW GHULYDWLYH ZKLFK HTXDOV ]HUR DW ;  �� DQG <  D Ã����� 7KLV

JXDUDQWHHV WKDW DW YHU\ ORZ SUHYDOHQFHV RI LQIHFWLRQ� QR RU RQO\ OLPLWHG GHWHFWDEOH

PRUELGLW\ LV DVVXPHG WR EH GXH WR 6FKLVWRVRPD KDHPDWRELXP� <  D Ã���� LV WKH EDVHOLQH

SUHYDOHQFH RI SDWKRORJ\ RU PRUELGLW\� L�H� SDWKRORJ\ RU PRUELGLW\ FDXVHG E\

PLVFODVVLILFDWLRQ RU RWKHU GLVHDVHV �IDOVH SRVLWLYHV�� 7KH FXUYH ULVHV PRQRWRQRXVO\ DQG

ILQDOO\ UHDFKHV D SUHYDOHQFH RI PRUELGLW\ EHORZ <  ����� %\ WDNLQJ SDUDPHWHU D  � �QR

EDVHOLQH�� WKH HTXDWLRQ UHSUHVHQWV PRUELGLW\ GXH WR 6� KDHPDWRELXP LQIHFWLRQ� FRUUHFWHG IRU

PRUELGLW\ GXH WR RWKHU FDXVHV� )XUWKHU GHWDLOV DUH GHVFULEHG LQ 9DQ GHU :HUI HW DO� ������

�9DQ GHU :HUI HW DO�� ����D� 9DQ GHU :HUI HW DO�� LQ SUHVV�E��

:H XVHG 6\VWDW �YHUVLRQ ���� ����� WR HVWLPDWH WKH YDOXHV RI SDUDPHWHUV D� E DQG F E\ ILWWLQJ

WKH HTXDWLRQ WR DOO Q REVHUYDWLRQV� 7KH ILW ZDV GHWHUPLQHG E\ DVVXPLQJ D ELQRPLDO

GLVWULEXWLRQ IRU HDFK REVHUYDWLRQ L �L  �� «� Q�� ZLWKRXW DVVLJQLQJ ZHLJKW DFFRUGLQJ WR VL]H

RI WKH SRSXODWLRQ� 7KH ODWWHU DVVXPSWLRQ FDQ HDVLO\ EH PDGH� VLQFH WKH YHUWLFDO ORFDWLRQ LV

GHWHUPLQHG E\ PDQ\ PRUH SKHQRPHQD �H�J� WKH FRPPXQLW\ EDVH�OLQH PRUELGLW\� WKDQ WKH

VL]H RI WKH SRSXODWLRQ DORQH� 7KH QXPEHU RI LQGLYLGXDOV FRPSULVLQJ RQH REVHUYDWLRQ ZDV

XVXDOO\ DERXW ���� ZLWK D PLQLPXP RI ��� 7R H[SORUH SRWHQWLDO ELDV GXH WR

RYHUUHSUHVHQWDWLRQ RI ODUJH VWXGLHV �FRQWULEXWLQJ PDQ\ REVHUYDWLRQV�� ZH KDYH UH�DQDO\VHG

DOO DVVRFLDWLRQV ZLWK DWWULEXWLQJ ZHLJKW WR REVHUYDWLRQV DFFRUGLQJ WR WKH UHFLSURFDO RI WKH

VTXDUH URRW RI WKH QXPEHU RI REVHUYDWLRQV FRPLQJ IURP HDFK VWXG\� )RU LQVWDQFH�

REVHUYDWLRQV IURP D VWXG\ FRQWULEXWLQJ �� VFKRROV RU FRPPXQLWLHV KDG D ZHLJKW RI ���

FRPSDUHG WR REVHUYDWLRQV FRPLQJ IURP VWXGLHV FRQWULEXWLQJ RQH VFKRRO RU FRPPXQLW\�

7KLV DSSURDFK GLG QRW OHDG WR VLJQLILFDQWO\ GLIIHUHQW UHVXOWV DQG ZH WKHUHIRUH RQO\ UHSRUWHG

WKH VWDQGDUG SURFHGXUH EDVHG RQ DVVRFLDWLRQV ZLWKRXW DWWULEXWLQJ ZHLJKW DFFRUGLQJ WR

VWXG\ VL]H�

6RPH DGMXVWPHQWV ZHUH QHFHVVDU\ WR DSSO\ RXU PHWKRGRORJ\� )RU PLFUR�KDHPDWXULD

GHWHFWHG E\ UHDJHQW VWULS �DVVRFLDWLRQ IRU FRPPXQLW\� DQG PDFUR�KDHPDWXULD GHWHFWHG E\

TXHVWLRQQDLUH� ILWWLQJ WKH (TXDWLRQ \LHOGHG D ELRORJLFDOO\ XQUHDOLVWLF FXUYH LQGLFDWHG E\ D

VKDUS LQFUHDVH RI PRUELGLW\ DW ORZ SUHYDOHQFH RI LQIHFWLRQ DQG D SRLQW RI LQIOH[LRQ DW

SUHYDOHQFH RI LQIHFWLRQ ; � ���� )RU ERWK VLWXDWLRQV� ZH UHGXFHG WKH QXPEHU RI

SDUDPHWHUV E\ SUH�VHWWLQJ WKH SRLQW RI LQIOHFWLRQ DW SUHYDOHQFH RI LQIHFWLRQ ;  ����

ZKLFK FRUUHVSRQGV WR E  ��F ² ����F � ��� �F� 2QH VWXG\ �2NROL DQG 2GDLER� ����� ZLWK

PDQ\ RXWOLHU REVHUYDWLRQV DQG RQH RXWOLHU REVHUYDWLRQ IURP �/HQJHOHU HW DO�� �����
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�SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ ��� DQG SUHYDOHQFH RI PDFUR�KDHPDWXULD E\

TXHVWLRQQDLUH ���� ZHUH H[FOXGHG IURP WKH DQDO\VLV�

�����������

7KH :RUOG +HDOWK 2UJDQL]DWLRQ �:+2� UHFRPPHQGV QR WUHDWPHQW �DSDUW IURP WKRVH

IRXQG SRVLWLYH DW WKH VFUHHQLQJ� LI WKH SUHYDOHQFH RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ

����� PDVV WUHDWPHQW RI WKH � WR �� \HDU DJH JURXS ��� ² ����� DQG PDVV WUHDWPHQW RI

WKH ZKROH FRPPXQLW\ �!���� �:+2� ������ 7KH SUHYDOHQFH RI KDHPDWXULD PD\ SURYLGH D

EHWWHU �UDSLG� VLPSOH DQG FKHDS� PHWKRG IRU FRPPXQLW\ GLDJQRVLV �/HQJHOHU HW DO�� ������

6RPH KDYH XVHG WKH VDPH FXW�RII OHYHOV RI ��� DQG ��� IRU KDHPDWXULD E\ UHDJHQW VWULS

�+RSNLQV HW DO�� ������ ,W PD\ EH EHWWHU WR XVH FXW�RII SUHYDOHQFHV FRUUHVSRQGLQJ WR WKH YDOXHV

IRU LQIHFWLRQ� )URP )LJXUH ���D� LW IROORZV WKDW WKHVH SUHYDOHQFHV DUH ��� DQG ��� IRU

UHDJHQW VWULS� ��� DQG ��� IRU TXHVWLRQQDLUH� DQG �� DQG ��� IRU YLVXDO H[DPLQDWLRQ�

)RU HDFK GDWD SRLQW �FRPPXQLW\ RU VFKRRO� LQ RXU GDWDEDVH� ZH DVVHVVHG ZKHWKHU WKH VDPH

WUHDWPHQW VWUDWHJ\ ZRXOG IROORZ IURP XVLQJ FXW�RII OHYHOV IRU KDHPDWXULD FRPSDUHG WR

LQIHFWLRQ� 7R SUHYHQW GHSHQGHQF\� WKH FXW�RII OHYHOV IRU KDHPDWXULD IRU HDFK GDWD SRLQW

ZHUH GHWHUPLQHG DIWHU UH�ILWWLQJ WKH FXUYHV RI )LJXUH ���D H[FOXGLQJ WKLV GDWD SRLQW� 7DEOH

��� VKRZV WKH SURSRUWLRQ RI VFKRROV DQG FRPPXQLWLHV FRUUHFWO\ FDWHJRULVHG IRU DOO WKUHH

PHWKRGV GHWHFWLQJ KDHPDWXULD�

Table 3.1: Recommended treatment strategy based on prevalence of haematuria. Values indicate the

proportion of schools and communities that would be correctly categorised using cut-off prevalences for

haematuria instead of the WHO recommended prevalence categories for Schistosoma haematobium infection.
No treatment (apart from those found positive at the screening) if the prevalence of infection ����� PDVV

treatment of the 5 to 19 year age group (20 – 50%), and mass treatment of the whole community (>50%) (WHO,

1993). Cut-off prevalences for haematuria corresponding to 20% and 50% infection from Figure 3.2a were 25%
and 49% for reagent strips, 17% and 33% for questionnaires and 2% and 12% for visual examination,
respectively.

7KH RYHUDOO SHUIRUPDQFH RI WKH WKUHH PHWKRGV GLG QRW VLJQLILFDQWO\ GLIIHU �S ! ��� E\ &KL�

VTXDUH WHVW�� 2QO\ IRU YLVXDO H[DPLQDWLRQ RI D XULQH VDPSOH� D QXPEHU RI VFKRROV ��� ZRXOG

EH VHULRXVO\ PLVFODVVLILHG� L�H� UHFHLYLQJ QR WUHDWPHQW LQVWHDG RI PDVV WUHDWPHQW RI WKH

ZKROH FRPPXQLW\�

 Haem aturia test 
  No treatment 

  Mass treatment of 5 to 19 
  

year age group 
  

Mass treatment of whole 
community 

  
Reagent strips 

  78 (61 – 95) 
  46 (30 – 63) 

  79 (66 – 92) 
  

Questionnaire 
  64 (50 – 78) 

  47 (32 – 62) 
  78 (66 – 90) 

  
Visual examination 

  100 (48 – 100) 
  61 (41 – 81) 

  74 (54 – 94) 
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9DQ GHU :HUI� 0� -�� %RUVERRP� *� -� -� 0� DQG 'H 9ODV� 6� -� 1R HIIHFW RI UHFDOO SHULRG

OHQJWK RQ SUHYDOHQFH RI VHOI�UHSRUWHG KDHPDWXULD LQ 6FKLVWRVRPD KDHPDWRELXP HQGHPLF DUHDV�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� LQ SUHVV
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+DHPDWXULD� WKH PDLQ HDUO\ V\PSWRP RI XULQDU\ VFKLVWRVRPLDVLV� GXH WR 6FKLVWRVRPD

KDHPDWRELXP LQIHFWLRQ� LV IUHTXHQWO\ PHDVXUHG E\ TXHVWLRQQDLUH �L�H� E\ DVNLQJ LQGLYLGXDOV LI

WKH\ KDYH KDG EORRG LQ WKHLU XULQH�� &RPPRQO\� D SHULRG RI � WR � ZHHNV LV XVHG� 7KLV

PHWKRG HQDEOHV UDSLG � DQG UHODWLYHO\ LQH[SHQVLYH � LGHQWLILFDWLRQ RI FRPPXQLWLHV IRU PDVV

WUHDWPHQW RI WKLV LPSRUWDQW SDUDVLWLF GLVHDVH� DQG LV UHFRPPHQGHG E\ :+2 �/HQJHOHU HW

DO�� ����� :+2� ������ 6HYHUDO VWXGLHV KDYH VKRZQ WKDW SUHYDOHQFH RI VHOI�UHSRUWHG

KDHPDWXULD LV D FRQYHQLHQW SUR[\ IRU SUHYDOHQFH RI LQIHFWLRQ �/HQJHOHU HW DO�� ����� *X\DWW

HW DO�� ����D��

,Q UHWURVSHFWLYH TXHVWLRQQDLUH VXUYH\V RI PHGLFDO HYHQWV� UHFDOO ELDV LV RQH RI WKH IDFWRUV

WKDW PD\ DIIHFW RXWFRPHV� (VSHFLDOO\ IRU OHVV VLJQLILFDQW HYHQWV �VXFK DV KDHPDWXULD��

IUHTXHQF\� GXUDWLRQ DQG PHDQLQJIXOQHVV RI WKH HYHQW PD\ FRQWULEXWH WR UHFDOO �&RXJKOLQ�

������ )XUWKHUPRUH� DV KDHPDWXULD LV LQWHUPLWWHQW� SUHYDOHQFH RI UHSRUWHG KDHPDWXULD LV

H[SHFWHG WR LQFUHDVH ZLWK GXUDWLRQ RI UHFDOO SHULRG� ,W LV LPSRUWDQW WR DVVHVV WKH HIIHFW RI

UHFDOO SHULRG OHQJWK RQ WKH SUHYDOHQFH RI UHSRUWHG KDHPDWXULD� 2QO\ WZR VWXGLHV XVHG

GLIIHUHQW UHFDOO SHULRGV� $GRP HW DO� ������ UHSRUWHG D KLJKHU SUHYDOHQFH IRU KDHPDWXULD

�HYHU� FRPSDUHG WR FXUUHQW KDHPDWXULD� 7KH RWKHU VWXG\ VKRZHG LQFRQVLVWHQW UHVXOWV DV WKH

SUHYDOHQFH IRU ODVW ZHHN ZDV ORZHU WKHQ WKDW IRU WKH ODVW �� KRXUV �:DUUHQ HW DO�� ������ :H

DLPHG WR DVVHVV WKH HIIHFW RI UHFDOO SHULRG OHQJWK RQ WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI

UHSRUWHG KDHPDWXULD DQG 6� KDHPDWRELXP LQIHFWLRQ XVLQJ GDWD IURP ILHOG VWXGLHV ZLWK

GLIIHUHQW DQG DOVR PRUH FRPPRQO\ DSSOLHG UHFDOO SHULRGV�

:H FROOHFWHG DOO DUWLFOHV SXEOLVKHG EHIRUH ���� WKDW UHSRUWHG SUHYDOHQFH RI KDHPDWXULD

PHDVXUHG E\ TXHVWLRQQDLUH ZLWK D PD[LPXP UHFDOO SHULRG RI � ZHHNV DQG SUHYDOHQFH RI

6� KDHPDWRELXP LQIHFWLRQ LQ XQVHOHFWHG� XQWUHDWHG VWXG\ SRSXODWLRQV LQ $IULFD� 3UHYDOHQFH RI

LQIHFWLRQ KDG WR EH EDVHG RQ VWDQGDUG ILOWUDWLRQ RI D �� PO XULQH VDPSOH RU D PHWKRG ZLWK

FRPSDUDEOH VHQVLWLYLW\� YL]� ILOWUDWLRQ� FHQWULIXJDWLRQ RU VHGLPHQWDWLRQ RI � WR �� PO XULQH

VDPSOHV� 7ZHQW\�RQH VWXGLHV ZHUH LQFOXGHG LQ D PHWD�DQDO\VLV� FRQFHUQLQJ ��� VFKRROV ���

VWXGLHV� DQG �� FRPPXQLWLHV ��� VWXGLHV�� �� VWXGLHV ZHUH SHUIRUPHG LQ (DVW� � LQ 1RUWK

DQG � LQ :HVW $IULFD� (YHU\ FRPPXQLW\ RU VFKRRO ZDV LQFOXGHG DV RQH REVHUYDWLRQ LQ WKH

DQDO\VLV� VR RQH VWXG\ FRXOG FRQWULEXWH VHYHUDO REVHUYDWLRQV� 5HFDOO SHULRGV LQ WKH LQFOXGHG

VWXGLHV ZHUH � GD\� � ZHHN� � ZHHNV� DQG � ZHHNV� UHSUHVHQWHG E\ �� �� �� DQG ��

REVHUYDWLRQV� UHVSHFWLYHO\� )RU �� GDWD SRLQWV� WKH SHULRG ZDV QRW VSHFLILHG� 7KH LPSDFW RI

UHFDOO SHULRG OHQJWK� VWXG\ VHWWLQJ �VFKRRO YV� FRPPXQLW\� DQG JHRJUDSKLFDO ORFDWLRQ �(DVW

$IULFD YV� 1RUWK DQG :HVW $IULFD� RQ SUHYDOHQFH RI KDHPDWXULD ZDV H[DPLQHG E\ DQDO\VLV

RI FRYDULDQFH� XVLQJ SUHYDOHQFH RI LQIHFWLRQ DV FRYDULDWH�

$ ZLGH UDQJH RI HQGHPLFLW\ OHYHOV ZDV SUHVHQW� DV WKH SUHYDOHQFHV RI 6� KDHPDWRELXP

LQIHFWLRQ YDULHG IURP � WR �� SHUFHQW �)LJXUH ����� 7KHUH ZDV D VWURQJ SRVLWLYH DVVRFLDWLRQ

�U  ����� S�������� EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG UHSRUWHG KDHPDWXULD LQ WKH WRWDO

GDWD VHW� 1R VLJQLILFDQW PDLQ HIIHFW RI UHFDOO SHULRG OHQJWK RQ SUHYDOHQFH RI KDHPDWXULD

ZDV IRXQG �S  ������ QRU D VLJQLILFDQW LQWHUDFWLRQ HIIHFW EHWZHHQ UHFDOO SHULRG OHQJWK DQG

SUHYDOHQFH RI LQIHFWLRQ �S  ������ 7KLV LPSOLHV WKDW WKH UHODWLRQ EHWZHHQ SUHYDOHQFH RI

KDHPDWXULD DQG LQIHFWLRQ GLG QRW GLIIHU EHWZHHQ WKH IRXU UHFDOO SHULRGV� )XUWKHUPRUH� WKHUH
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ZHUH QR VLJQLILFDQW HIIHFWV RI JHRJUDSKLFDO ORFDWLRQ �S  ����� DQG VWXG\ VHWWLQJ �S  ������

WKH ODWWHU RI ZKLFK FDQ EH FRQVLGHUHG D SUR[\ IRU DJH� 7KH ILQDO PRGHO IRU SUHYDOHQFH RI

KDHPDWXULD RQO\ FRQWDLQHG SUHYDOHQFH RI LQIHFWLRQ� KDYLQJ D UHJUHVVLRQ OLQH ZLWK VORSH ����

���� &�,�� ���� � ����� DQG LQWHUFHSW ��� ���� &�,�� ��� � ������ 7KH VPDOO LQWHUFHSW

UHSUHVHQWV PLVFODVVLILFDWLRQ RU KDHPDWXULD IURP RWKHU GLVHDVHV� 7KH JUHDW PDMRULW\ RI GDWD

SRLQWV ����� FDPH IURP � VWXGLHV LQ 7DQ]DQLD� 7KHVH VWXGLHV GLG QRW XQGXO\ LQIOXHQFH WKH

UHVXOWV� EHFDXVH WKHLU UHJUHVVLRQ OLQHV GLG QRW GLIIHU VLJQLILFDQWO\ IURP HDFK RWKHU� QRU IURP

WKDW RI WKH RWKHU �� VWXGLHV FRPELQHG�
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Figure 4.1: Association between prevalence of Schistosoma haematobium infection and reported
haematuria for different recall periods. Every point represents one school or community. The regression line is
y = 8.7 + 0.51 x, with 65% of the variance explained. Sources of data are reported in "Morbidity and infection with

schistosomes or soil-transmitted helminths" by M.J. Van der Werf & S.J. De Vlas (report at the request of
WHO/PVC/CPE).

7HVWLQJ WKH HIIHFW RI UHFDOO SHULRG OHQJWK RQ UHSRUWHG KDHPDWXULD ZRXOG LGHDOO\ EH GRQH LQ

DQ H[SHULPHQWDO FRQWH[W� +RZHYHU� ZH EHOLHYH WKDW WKH HYLGHQFH RI QR HIIHFW RI UHFDOO

SHULRG OHQJWK RQ WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI KDHPDWXULD DQG 6� KDHPDWRELXP

LQIHFWLRQ� DV VKRZQ LQ RXU VWXG\ XVLQJ OLWHUDWXUH GDWD� LV FRQYLQFLQJ� 7KLV ILQGLQJ FDQ EH

H[SODLQHG E\ WKH SRVVLELOLW\ WKDW LQWHUYDOV EHWZHHQ FRQVHFXWLYH HSLVRGHV RI KDHPDWXULD DUH

VKRUW �GD\V� FRPSDUHG WR WKH UHFDOO SHULRGV �ZHHNV�� $OVR� SRWHQWLDO HIIHFWV RI UHFDOO SHULRG

OHQJWK PD\ EH QHXWUDOLVHG E\ WZR SRVVLEOH PHFKDQLVPV� )LUVW� PHPRU\ GHFD\ �IDLOXUH WR

UHPHPEHU WKH HYHQW� PD\ KDYH FDXVHG XQGHUUHSRUWLQJ RI KDHPDWXULD WKDW HQGHG EHWZHHQ �

DQG � ZHHNV DJR� DV KDHPDWXULD LV RIWHQ QRW UHJDUGHG D VHULRXV V\PSWRP LQ HQGHPLF DUHDV�

6HFRQG� UHSRUWLQJ HYHQWV WKDW RFFXUUHG RXWVLGH WKH UHFDOO SHULRG �WHOHVFRSLQJ� PLJKW KDYH

EHHQ PRUH LPSRUWDQW IRU WKH VKRUWHVW UHFDOO SHULRGV�
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(DUOLHU VWXGLHV KDYH VKRZQ WKDW SUHYDOHQFH RI KDHPDWXULD E\ TXHVWLRQQDLUH SURYLGHV D

VLPSOH DQG DGHTXDWH PHWKRG IRU FRPPXQLW\ GLDJQRVLV GXH WR LWV VWURQJ DVVRFLDWLRQ ZLWK

SUHYDOHQFH RI LQIHFWLRQ� ,W LV UHDVVXULQJ WKDW WKLV DVVRFLDWLRQ LV FRQVLVWHQW IRU GLIIHUHQW

VWXGLHV DV VKRZQ LQ RXU PHWD�DQDO\VLV� 7KH FKRLFH RI UHFDOO SHULRG �� RU � ZHHNV� SURYHV WR

EH RI PLQRU LPSRUWDQFH� 7KLV LV RI RSHUDWLRQDO LPSRUWDQFH IRU FRPPXQLW\ WUHDWPHQW

SURJUDPPHV DQG VWUHQJWKHQV WKH FDVH IRU XVLQJ TXHVWLRQQDLUHV DV D VLPSOHU� FKHDSHU

DOWHUQDWLYH WR XULQH H[DPLQDWLRQ�

���������������


7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH PXOWLGLVFLSOLQDU\ SURJUDPPH �0RGHO�EDVHG

GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL� 1LJHU DQG 6HQHJDO� IXQGHG E\

7KH 1HWKHUODQGV )RXQGDWLRQ IRU WKH $GYDQFHPHQW RI 7URSLFDO 5HVHDUFK �:2752� DQG

ZDV DOVR IXQGHG E\ WKH 'HSDUWPHQW RI &RPPXQLFDEOH 'LVHDVHV &RQWURO� 3UHYHQWLRQ DQG

(UDGLFDWLRQ� :RUOG +HDOWK 2UJDQL]DWLRQ� *HQHYD� 6ZLW]HUODQG� 7KH IXQGLQJ VRXUFHV KDG

QR LQYROYHPHQW LQ VWXG\ GHVLJQ� LQ WKH FROOHFWLRQ� DQDO\VLV DQG LQWHUSUHWDWLRQ RI WKH GDWD� LQ

WKH ZULWLQJ RI WKH UHSRUW� DQG LQ WKH GHFLVLRQ WR VXEPLW WKH SDSHU IRU SXEOLFDWLRQ�
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9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� %URRNHU� 6�� /RRPDQ� &� :� 1� 1DJHONHUNH� 1� -� '��

+DEEHPD� -� '� )� DQG (QJHOV� '� 4XDQWLILFDWLRQ RI FOLQLFDO PRUELGLW\ DVVRFLDWHG ZLWK

VFKLVWRVRPH LQIHFWLRQ LQ VXE�6DKDUDQ $IULFD� $FWD 7URSLFD� LQ SUHVV
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+HDOWK SROLF\ PDNLQJ LQ GHYHORSLQJ FRXQWULHV UHTXLUHV HVWLPDWHV RI WKH �JOREDO� EXUGHQ RI

GLVHDVH� $W SUHVHQW� PRVW RI WKH DYDLODEOH GDWD RQ VFKLVWRVRPLDVLV LV OLPLWHG WR QXPEHUV RI

LQGLYLGXDOV KDUERXULQJ WKH LQIHFWLRQ� :H H[SORUHG WKH UHODWLRQVKLS EHWZHHQ WKH SUHVHQFH

RI VFKLVWRVRPH LQIHFWLRQ DQG FOLQLFDO PRUELGLW\� LQ RUGHU WR HVWLPDWH QXPEHUV RI

LQGLYLGXDOV ZLWK GLVHDVH�VSHFLILF PRUELGLW\ IRU 6FKLVWRVRPD KDHPDWRELXP DQG 6� PDQVRQL

LQIHFWLRQ LQ VXE�6DKDUDQ $IULFD�

:H VHDUFKHG WKH OLWHUDWXUH IRU FURVV�VHFWLRQDO GDWD IURP ILHOG VWXGLHV UHSRUWLQJ ERWK

VFKLVWRVRPH LQIHFWLRQ DQG PRUELGLW\� 7KLV ZDV XVHG WR GHULYH D IXQFWLRQDO UHODWLRQVKLS

EHWZHHQ PRUELGLW\ DQG LQIHFWLRQ� $IWHU VWDQGDUGLVDWLRQ IRU GLDJQRVWLF PHWKRG� WKH QXPEHU

RI LQGLYLGXDOV ZLWK VSHFLILF W\SHV RI FOLQLFDO PRUELGLW\ RU SDWKRORJ\ ZDV SUHGLFWHG� $V RQO\

DJJUHJDWHG SUHYDOHQFHV RI LQIHFWLRQ ZHUH DYDLODEOH IRU FRXQWULHV RU DUHDV� ZH DGMXVWHG IRU

KHWHURJHQHLW\ LQ LQIHFWLRQ OHYHOV ZLWKLQ FRPPXQLWLHV LQ WKRVH FRXQWULHV�

,Q WRWDO� �� PLOOLRQ LQGLYLGXDOV RXW RI ��� PLOOLRQ ����� HVWLPDWH� LQ VXE�6DKDUDQ $IULFD

ZHUH HVWLPDWHG WR H[SHULHQFH KDHPDWXULD LQ WKH ODVW � ZHHNV DVVRFLDWHG ZLWK 6� KDHPDWRELXP

LQIHFWLRQ� DQG �� PLOOLRQ G\VXULD� 8OWUDVRXQG GHWHFWHG VHULRXV FRQVHTXHQFHV RI 6�

KDHPDWRELXP� PDMRU EODGGHU ZDOO SDWKRORJ\ DQG PDMRU K\GURQHSKURVLV� ZHUH SUHGLFWHG DW ��

DQG �� PLOOLRQ� UHVSHFWLYHO\� ,QIHFWLRQ ZLWK 6� PDQVRQL ZDV HVWLPDWHG WR FDXVH GLDUUKRHD LQ

���� PLOOLRQ LQGLYLGXDOV� EORRG LQ VWRRO LQ ��� PLOOLRQ DQG KHSDWRPHJDO\ LQ ��� PLOOLRQ� $V

WKH DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ DQG SUHYDOHQFH RI GLDUUKRHD

DQG EORRG LQ VWRRO ZHUH QRW YHU\ FOHDU� WKH UHVXOWLQJ HVWLPDWHV PD\ EH XQGHUHVWLPDWLRQV�

8VLQJ WKH YHU\ OLPLWHG GDWD DYDLODEOH� ZH HVWLPDWHG WKH PRUWDOLW\ UDWHV GXH WR QRQ�

IXQFWLRQLQJ NLGQH\ �IURP 6� KDHPDWRELXP� DQG KDHPDWHPHVLV �IURP 6� PDQVRQL� DW �������

DQG ������� SHU \HDU�

*LYHQ WKH RYHUDOO KLJK QXPEHU RI FDVHV ZLWK VFKLVWRVRPLDVLV�UHODWHG GLVHDVH DQG DVVRFLDWHG

GHDWK� ZH FRQFOXGH WKDW VFKLVWRVRPLDVLV UHPDLQV DQ LPSRUWDQW SXEOLF KHDOWK SUREOHP LQ

VXE�6DKDUDQ $IULFD�
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+HDOWK SROLF\ LQ GHYHORSLQJ FRXQWULHV LV EDVHG RQ WDUJHWLQJ GLVHDVHV ZLWK KLJK SUHYHQWDEOH

EXUGHQV RI GLVHDVH� 7KLV UHTXLUHV HVWLPDWHV RQ WKH �JOREDO� EXUGHQ RI GLVHDVH� &XUUHQWO\

:+2 HVWLPDWHV WKH EXUGHQ RI VFKLVWRVRPLDVLV RQ WKH EDVLV RI WKH QXPEHU RI LQGLYLGXDOV

LQIHFWHG ZLWK 6FKLVWRVRPD KDHPDWRELXP� 6FKLVWRVRPD PDQVRQL DQG 6FKLVWRVRPD MDSRQLFXP �0XUUD\

DQG /RSH]� ������ ZLWK DQ DVVRFLDWHG ORZ GLVDELOLW\ ZHLJKW ������ FRPSDUHG WR ����� IRU D

PDODULD HSLVRGH�� +RZHYHU� QRW DOO LQIHFWHG LQGLYLGXDOV H[SHULHQFH PRUELGLW\� $OVR� QRW DOO

LQGLYLGXDOV ZLWK VFKLVWRVRPLDVLV�UHODWHG GLVHDVH DUH IRXQG SRVLWLYH DW VWDQGDUG VFUHHQLQJ

�'H 9ODV DQG *U\VHHOV� ����� 8W]LQJHU HW DO�� ������ 7KXV� HVWLPDWHV RI WKH SUHYDOHQFH RI

PRUELGLW\ DUH QHHGHG� 'LVDELOLW\ ZHLJKWV FDQ WKHQ EH DVVLJQHG WR V\PSWRPV WR FDOFXODWH WKH

EXUGHQ RI GLVHDVH� DV LV GRQH IRU PDQ\ RWKHU GLVHDVHV LQ WKH EXUGHQ RI GLVHDVH FDOFXODWLRQ

�0XUUD\ DQG /RSH]� ����D��

2IWHQ� HSLGHPLRORJLFDO VXUYH\V RQO\ UHSRUW WKH SUHYDOHQFH RI VFKLVWRVRPH LQIHFWLRQ

�%URRNHU HW DO�� ����E� &KLWVXOR HW DO�� ������ $WWHPSWV WR HVWLPDWH WKH SUHYDOHQFH RI VSHFLILF

V\PSWRPV IURP WKH SUHYDOHQFH RI LQIHFWLRQ FRQFOXGHG WKDW �� PLOOLRQ KDYH VHULRXV FOLQLFDO

GLVHDVH DQG ��� PLOOLRQ DUH V\PSWRPDWLF� E\ XVLQJ WKH ZHOO�NQRZQ ILJXUH RI ��� PLOOLRQ

LQIHFWHG LQGLYLGXDOV DQG DVVXPLQJ SURSRUWLRQV RI ��� DQG ��� IRU VHULRXV FOLQLFDO GLVHDVH

DQG EHLQJ V\PSWRPDWLF� UHVSHFWLYHO\ �:+2� ����� &URPSWRQ� ����� 6DYLROL HW DO�� ������

2WKHUV DVVXPHG WKDW LQWHQVLW\ RI LQIHFWLRQ LV DVVRFLDWHG ZLWK PRUELGLW\ DQG UHODWHG WKH

SUHYDOHQFH RI PRUELGLW\ LQ D SRSXODWLRQ WR LQWHQVLW\ RI LQIHFWLRQ �&KDQ HW DO�� �����

*U\VHHOV DQG 3ROGHUPDQ� ����� 0HGOH\ DQG %XQG\� ������ +RZHYHU� WKHUH LV D GHDUWK RI

GDWD RQ LQWHQVLW\ RI LQIHFWLRQ� PDNLQJ LW QHFHVVDU\ WR LQIHU LQWHQVLW\ IURP VWDWLVWLFDO

DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH DQG LQWHQVLW\ RI LQIHFWLRQ �*X\DWW DQG %XQG\� ������ 6WLOO

RWKHUV HVWLPDWHG PRUELGLW\ GXH WR KHOPLQWK LQIHFWLRQ� E\ DVVXPLQJ D WKUHVKROG YDOXH IRU

WKH QXPEHU RI ZRUPV DERYH ZKLFK PRUELGLW\ RFFXUV �&KDQ HW DO�� ����� 'H 6LOYD HW DO��

������ 7KHVH VWXGLHV LJQRUHG WKDW PRVW V\PSWRPV DQG VLJQV FDXVHG E\ KHOPLQWK LQIHFWLRQ

DUH QRQ�VSHFLILF �H�J� DQDHPLD GXH WR PDODULD LQIHFWLRQ DQG EORRG\ GLDUUKRHD GXH WR

DPRHELF G\VHQWHU\��

7KLV SDSHU DWWHPSWV WR SUHGLFW WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ DVVRFLDWHG ZLWK

VFKLVWRVRPH LQIHFWLRQ WR VHUYH DV LQSXW IRU WKH *OREDO %XUGHQ RI VFKLVWRVRPLDVLV

FDOFXODWLRQV� 6LQFH PRVW DFFHVVLEOH GDWD DUH DYDLODEOH IRU 6� KDHPDWRELXP DQG 6� PDQVRQL

LQIHFWLRQ DQG WKH PDMRULW\ RI WKH LQGLYLGXDOV LQIHFWHG ZLWK VFKLVWRVRPHV OLYH LQ VXE�

6DKDUDQ $IULFD ���� PLOOLRQ YV� �� PLOOLRQ LQ WKH UHVW RI WKH ZRUOG �&KLWVXOR HW DO�� �������

ZH IRFXVVHG RQ 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQV LQ VXE�6DKDUDQ $IULFD� :H

LQYHVWLJDWHG WKH UHODWLRQVKLS EHWZHHQ WKH SUHVHQFH RI VFKLVWRVRPH LQIHFWLRQ DQG FOLQLFDO

PRUELGLW\ �RU SDWKRORJ\� E\ XVLQJ DOO SXEOLVKHG ILHOG VWXGLHV� 7KH SDUDVLWRORJLFDO GDWD ZHUH

VWDQGDUGLVHG IRU GLIIHUHQFHV LQ GLDJQRVWLF VHQVLWLYLW\� ZH DFFRXQWHG IRU QRQ�VSHFLILF

PRUELGLW\� DQG ZH DGMXVWHG RXU HVWLPDWHV IRU KHWHURJHQHLW\ LQ LQIHFWLRQ�
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,Q RUGHU WR DUULYH DW DQ HVWLPDWH RI WKH QXPEHU RI FOLQLFDO FDVHV IURP WKH SUHYDOHQFH RI

LQIHFWLRQ LQ D FRXQWU\� WKH IROORZLQJ SRLQWV ZHUH FRQVLGHUHG� ��� VFKLVWRVRPLDVLV FDXVHV

PDQ\ GLIIHUHQW VLJQV DQG V\PSWRPV� RXW RI ZKLFK D VHOHFWLRQ KDG WR EH PDGH� ���

PRUELGLW\ LV FRQFHQWUDWHG LQ LQGLYLGXDOV ZLWK FXUUHQW �RU SDVW� KLJK LQWHQVLW\ RI LQIHFWLRQ�

��� PRVW FOLQLFDO PRUELGLW\ DVVRFLDWHG ZLWK VFKLVWRVRPLDVLV LV QRQ VSHFLILF� ��� SUHYDOHQFH

RI LQIHFWLRQ GDWD ZHUH DYDLODEOH RQ DQ DJJUHJDWHG OHYHO �FRXQWU\�� EXW VFKLVWRVRPLDVLV

RFFXUV IRFDOO\ DQG� WKHUHIRUH� KHWHURJHQHLW\ LQ WKH GHJUHH RI HQGHPLFLW\ DPRQJ

FRPPXQLWLHV KDV WR EH DFFRXQWHG IRU� ��� WKH SUHGLFWLRQV DUH DIIHFWHG E\ XQFHUWDLQW\ LQ

DVVXPSWLRQV DQG HPSLULFDO GDWD�

,GHQWLILFDWLRQ RI VLJQV DQG V\PSWRPV RI VFKLVWRVRPH LQIHFWLRQ

$ OLVW RI DOO VLJQV DQG V\PSWRPV FDXVHG E\ LQIHFWLRQ ZLWK 6� KDHPDWRELXP DQG 6� PDQVRQL ZDV

SUHSDUHG IURP WKH OLWHUDWXUH �&KHQ DQG 0RWW� ����� &KHQ DQG 0RWW� ����� -RUGDQ HW DO��

����� DQG H[SHUW DGYLFH� 2XU DQDO\VLV ZDV UHVWULFWHG WR VLJQV DQG V\PSWRPV IRU ZKLFK

LQIRUPDWLRQ RQ ERWK SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\ RU SDWKRORJ\ ZDV DYDLODEOH

IURP ILHOG VWXGLHV LQ SRSXODWLRQV XQVHOHFWHG IRU LQIHFWLRQ VWDWXV� GLVHDVH RU RWKHU FULWHULD�

7KH IROORZLQJ VLJQV DQG V\PSWRPV� SUREDEO\ UHODWHG WR LQIHFWLRQ ZLWK 6� KDHPDWRELXP RU 6�

PDQVRQL� ZHUH H[FOXGHG IURP DQDO\VLV GXH WR LQVXIILFLHQW GDWD� )RU ERWK 6� KDHPDWRELXP DQG

6� PDQVRQL� FHUFDULDO GHUPDWLWLV� SQHXPRQLD DW LQYDVLRQ VWDJH� DQDHPLD� DQG HFWRSLF OHVLRQV�

)RU 6� KDHPDWRELXP� EODGGHU FDQFHU� JHQLWDO OHVLRQV� DQG UHQDO IDLOXUH� )RU 6� PDQVRQL�

.DWD\DPD IHYHU� OLYHU IDLOXUH DQG FRU SXOPRQDOH� )RU PRUH VXEWOH KHDOWK HIIHFWV HYLGHQFH

ZDV FRQIOLFWLQJ� UHGXFWLRQ RI JURZWK �$EGHO�6DODP DQG $EGHO�)DWWDK� ����� (NDQHP HW DO��

����� )RUV\WK DQG %UDGOH\� ������ LPSDLUHG FRJQLWLYH GHYHORSPHQW �.YDOVYLJ� ����� 1RNHV

DQG %XQG\� ����� DQG UHGXFHG SK\VLFDO ILWQHVV �.YDOVYLJ� ����� 6WHSKHQVRQ HW DO�� ������

$VVRFLDWLQJ SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI PRUELGLW\�SDWKRORJ\

3XEPHG �1DWLRQDO /LEUDU\ RI 0HGLFLQH� 8QLWHG 6WDWHV� ZDV VHDUFKHG IRU ILHOG VWXGLHV LQ

XQVHOHFWHG VWXG\ SRSXODWLRQV RQ 6� KDHPDWRELXP DQG�RU 6� PDQVRQL LQIHFWLRQ DQG PRUELGLW\�

7KH UHIHUHQFHV LQ FROOHFWHG DUWLFOHV ZHUH VHDUFKHG IRU DGGLWLRQDO DUWLFOHV DQG TXDQWLWDWLYH

LQIRUPDWLRQ ZDV H[WUDFWHG� $V SUHYDOHQFH GDWD IURP HDFK UHSRUWHG FRPPXQLW\ RU VFKRRO

ZHUH LQFOXGHG DV LQGHSHQGHQW GDWD SRLQWV� RQH VWXG\ FRXOG FRQWULEXWH VHYHUDO GDWD SRLQWV

WR WKH DQDO\VLV�

,Q DOO LGHQWLILHG ILHOG VWXGLHV� WKH SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ ZDV DVVHVVHG E\ VWRRO

VDPSOH H[DPLQDWLRQ� 4XDQWLW\ RI VWRRO �QXPEHU RI VWRROV × QXPEHU RI VDPSOHV SHU VWRRO ×
ZHLJKW SHU VDPSOH� GLIIHUHG DPRQJ VWXGLHV �UDQJH �� PJ − ��� PJ� DQG WKLV DIIHFWHG WKH
UHSRUWHG SUHYDOHQFH RI LQIHFWLRQ� 8VLQJ DQ H[LVWLQJ HJJ FRXQW PRGHO �'H 9ODV HW DO�� ������

ZH VWDQGDUGLVHG 6� PDQVRQL SUHYDOHQFHV WR WKRVH RI D GHIDXOW GLDJQRVWLF WHFKQLTXH �L�H� D

VLQJOH ���� PJ .DWR�.DW] IDHFDO VDPSOH� WR EH DEOH WR FRPSDUH SUHYDOHQFHV REWDLQHG E\

WKH H[DPLQDWLRQ RI GLIIHUHQW TXDQWLWLHV RI VWRRO �9DQ GHU :HUI HW DO�� ����D�� 6� KDHPDWRELXP
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SUHYDOHQFHV ZHUH DOO GHWHUPLQHG E\ H[DPLQLQJ �� PO XULQH VDPSOHV ZLWK WKH VWDQGDUG

ILOWUDWLRQ WHFKQLTXH� 7KHUHIRUH� VWDQGDUGLVDWLRQ ZDV QRW QHFHVVDU\�

9DULRXV PHWKRGV KDYH EHHQ XVHG IRU PHDVXULQJ PRUELGLW\ DQG SDWKRORJ\� H�J�

TXHVWLRQQDLUH� LQVSHFWLRQ RI XULQH RU VWRRO VDPSOH� KDHPDVWLFNV� FOLQLFDO H[DPLQDWLRQ DQG

XOWUDVRXQG� :H GHFLGHG WR XVH TXHVWLRQQDLUH GDWD RQ KDHPDWXULD DQG G\VXULD IRU 6�

KDHPDWRELXP LQIHFWLRQ� DQG TXHVWLRQQDLUH GDWD RQ GLDUUKRHD� EORRG LQ VWRRO� DEGRPLQDO SDLQ

DQG KDHPDWHPHVLV IRU 6� PDQVRQL LQIHFWLRQ� ,I PRUELGLW\ ZDV UHSRUWHG IRU PRUH WKDQ RQH

UHFDOO SHULRG ZH XVHG WKH UHFDOO SHULRG FORVHVW WR � ZHHNV� 'DWD IRU KHSDWRPHJDO\�

VSOHQRPHJDO\ DQG DVFLWLV ZHUH REWDLQHG IURP VWXGLHV WKDW XVHG FOLQLFDO H[DPLQDWLRQ� )RU

KHSDWRPHJDO\ ZH XVHG GDWD IURP VWXGLHV UHSRUWLQJ SUHYDOHQFH PHDVXUHG DW PLG�VWHUQDO

OHYHO �06/� DV LW LV WKRXJKW WR EH PRUH UHODWHG WR LQIHFWLRQ ZLWK LQWHVWLQDO VFKLVWRVRPHV

WKDQ PHDVXUHPHQWV DW PLG�FODYLFXODU OHYHO �0&/�� 0LQRU EODGGHU ZDOO SDWKRORJ\

SUHYDOHQFHV ZHUH LQFOXGHG LI WKH SDWKRORJ\ KDG EHHQ GHWHFWHG E\ XOWUDVRXQG DQG ZDV

GHILQHG DV SUHVHQFH RI DW OHDVW 
LUUHJXODU EODGGHU ZDOO
� 
EODGGHU ZDOO WKLFNQHVV ! � PP
�


SUHVHQFH RI PDVVHV
� RU 
SUHVHQFH RI SVHXGRSRO\SV
 DQG PDMRU EODGGHU ZDOO SDWKRORJ\ KDG

WR EH GHILQHG DV SUHVHQFH RI DW OHDVW 
EODGGHU ZDOO WKLFNQHVV ! �� PP
 RU 
VHYHUDO ORFDOLVHG

K\SHUWURSKLHV
� +\GURQHSKURVLV GDWD ZHUH LQFOXGHG LI GHWHFWHG E\ XOWUDVRXQG DQG GHILQHG

DV PDUNHG S\HORFDO\FHDO GLODWDWLRQ �PRGHUDWH K\GURQHSKURVLV� RU PDUNHG UHGXFWLRQ RI

IXQFWLRQDO SDUHQFK\P �PDMRU K\GURQHSKURVLV��

)URP WKHVH GDWD� ZH WULHG WR GHWHUPLQH WKH UHODWLRQ EHWZHHQ FRPPXQLW\ SUHYDOHQFHV RI

LQIHFWLRQ DQG SUHYDOHQFHV RI HDFK W\SH RI PRUELGLW\ �RU SDWKRORJ\�� DVVXPLQJ D WKUHH

SDUDPHWHU �D� E� DQG F� QRQ�OLQHDU PDWKHPDWLFDO UHODWLRQVKLS �$SSHQGL[ �$�� 7KLV HTXDWLRQ

DOORZV IRU D EDVHOLQH PRUELGLW\ GHILQHG E\ SDUDPHWHU D �SUHYDOHQFH GXH WR RWKHU GLVHDVHV��

KDV ]HUR GHULYDWLYH DW [  � DQG \  D �L�H� QR PRUELGLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ DW

YHU\ ORZ SUHYDOHQFHV� DQG DV\PSWRWLFDOO\ �EXW QRW QHFHVVDULO\� UHDFKHV D SUHYDOHQFH RI

PRUELGLW\ RI ����� 'XH WR WKH FRQYH[ DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG

SUHYDOHQFH RI PRUELGLW\� FRPPXQLWLHV ZLWK UHODWLYHO\ KLJK LQIHFWLRQ SUHYDOHQFHV FRQWULEXWH

GLVSURSRUWLRQDWHO\ WR WKH EXUGHQ RI PRUELGLW\�

3UHGLFWLQJ WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\

8VLQJ WKH DERYH TXDQWLWDWLYH UHODWLRQVKLS� SUHYDOHQFH RI PRUELGLW\ FDQ EH FDOFXODWHG IURP

DYDLODEOH GDWD RQ WKH SUHYDOHQFH RI LQIHFWLRQ LQ DUHDV RI VXE�6DKDUDQ $IULFD� 3UHYDOHQFHV RI

LQIHFWLRQ GDWD ZHUH SURYLGHG E\ DQ LQWHUQDWLRQDO LQLWLDWLYH ODXQFKHG E\ :+2 DQG LWV

SDUWQHU DW ,PSHULDO &ROOHJH� /RQGRQ� ZKLFK DWWHPSWHG WR FROODWH WKH DYDLODEOH

VFKLVWRVRPLDVLV VXUYH\ GDWD IURP ERWK SXEOLVKHG DQG XQSXEOLVKHG VRXUFHV �VHH %URRNHU HW

DO�� ����D IRU LQFOXVLRQ FULWHULD DQG IXUWKHU GHWDLOV�� $V PRVW DYDLODEOH GDWD DUH RQ VFKRRO�

DJHG SUHYDOHQFH� SUHYDOHQFH RI LQIHFWLRQ LQ SUH�VFKRRO FKLOGUHQ DQG DGXOWV ZDV HVWLPDWHG

IURP GDWD RQ VFKRRO FKLOGUHQ XVLQJ VSHFLHV�VSHFLILF UHJUHVVLRQ PRGHOV �*X\DWW HW DO��

����E�� WKHUHE\ SURYLGLQJ D PRUH UHOLDEOH HVWLPDWH RI WRWDO QXPEHUV LQIHFWHG �%URRNHU HW

DO�� ����D�� ,Q DUHDV ZLWKRXW FRPSUHKHQVLYH VXUYH\ GDWD� HVWLPDWHV RI LQIHFWLRQ SUHYDOHQFH

ZHUH PDGH XVLQJ PRGHOV RI WKH GLVWULEXWLRQ RI LQIHFWLRQ LQ UHODWLRQ WR HQYLURQPHQWDO
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YDULDEOHV �%URRNHU HW DO�� ������ DQG ZHUH FRXQWHUFKHFNHG ZLWK RWKHU LQIRUPDWLRQ

�'RXPHQJH HW DO�� ����� DQG H[SHUW RSLQLRQ� 7KLV SURYLGHG SUHYDOHQFH GDWD RI

VFKLVWRVRPLDVLV LQ GHILQHG DW ULVN SRSXODWLRQV LQ VXE�6DKDUDQ $IULFD �$IULFD H[FHSW $OJHULD�

(J\SW� (ULWUHD� /LE\D� 0RURFFR� 7XQLVLD DQG :HVWHUQ 6DKDUD��

$V SUHYDOHQFH GDWD ZHUH QRW DYDLODEOH RQ WKH FRPPXQLW\ OHYHO� ZH KDG WR HVWLPDWH WKH

JHRJUDSKLFDO KHWHURJHQHLW\ LQ WKH SUHYDOHQFH RI LQIHFWLRQ IRU FRPPXQLWLHV DW D JLYHQ PHDQ

SUHYDOHQFH RI LQIHFWLRQ LQ DQ DUHD�FRXQWU\� $ QRUPDO GLVWULEXWLRQ RI ORJLW WUDQVIRUPHG

SUHYDOHQFH GDWD DSSHDUHG WR SURYLGH DQ DGHTXDWH GHVFULSWLRQ RI WKLV KHWHURJHQHLW\

�$SSHQGL[ �%�� 7KH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ ZDV FDOFXODWHG E\ PXOWLSO\LQJ

WKH PHDQ HVWLPDWHG SUHYDOHQFH RI PRUELGLW\ ZLWK WKH DW ULVN SRSXODWLRQ LQ D

FRXQWU\�UHJLRQ� (VWLPDWHV RI PRUELGLW\ DQG SDWKRORJ\ �KDHPDWXULD� G\VXULD� EODGGHU

SDWKRORJ\� K\GURQHSKURVLV� GLDUUKRHD� EORRG LQ VWRRO� KHSDWRPHJDO\ DQG VSOHQRPHJDO\�

ZHUH FDOFXODWHG DV GHVFULEHG DERYH IRU SUH�VFKRRO FKLOGUHQ� VFKRROFKLOGUHQ DQG DGXOWV�

VHSDUDWHO\� (VWLPDWHV IRU PDMRU K\GURQHSKURVLV ZHUH DVVXPHG WR DSSO\ WR VFKRROFKLOGUHQ

DQG DGXOWV RQO\� WKH SRVVLEOH FDVHV DPRQJ SUH�VFKRRO FKLOGUHQ ZHUH QHJOHFWHG� 7KH QXPEHU

RI LQGLYLGXDOV ZLWK PRGHUDWH K\GURQHSKURVLV ZDV FDOFXODWHG E\ VXEWUDFWLQJ WKH QXPEHU RI

LQGLYLGXDOV ZLWK PDMRU K\GURQHSKURVLV IURP WKH QXPEHU RI LQGLYLGXDOV ZLWK ERWK

PRGHUDWH DQG PDMRU K\GURQHSKURVLV� 1XPEHUV RI RWKHU FKURQLF PRUELGLW\ �DVFLWLV DQG

KDHPDWHPHVLV� ZHUH DWWULEXWHG WR DGXOWV RQO\�

7R HVWLPDWH ��� FRQILGHQFH LQWHUYDOV IRU WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ LQ VXE�

6DKDUDQ $IULFD� ZH XVHG ERRWVWUDSSLQJ �(IURQ DQG 7LEVKLUDQL� ������ 7KLV LV D JHQHUDOO\

DSSOLFDEOH ZD\ IRU FRQVWUXFWLQJ FRQILGHQFH LQWHUYDOV ZKHUH LQ D VHULHV RI UHSOLFD GDWD VHWV

DUH FUHDWHG E\ GUDZLQJ VDPSOHV IURP WKH RULJLQDO VHW RI GDWD SRLQWV� 7KH QHZ GDWD VHWV

KDYH WKH VDPH VL]H DV WKH RULJLQDO GDWD VHW DQG DUH GUDZQ ZLWK UHSODFHPHQW� ,Q WKLV ZD\ WKH

UHSOLFDWLRQ RI WKH VDPSOLQJ SURFHGXUH LV PLPLFNHG DQG WKH GLVWULEXWLRQ RI WKH QXPEHU RI

LQGLYLGXDOV DV EDVHG RQ HDFK UHSOLFD UHSUHVHQWV ZKDW ZRXOG KDYH KDSSHQHG LI ZH KDG UH�

FRQGXFWHG WKH GDWD VDPSOLQJ KXQGUHGV RI WLPHV� 7KLV SURFHGXUH JLYHV FRQILGHQFH LQWHUYDOV

LQ VLWXDWLRQV ZKHUH DQDO\WLFDO VROXWLRQV DUH QRW SRVVLEOH� L�H� LQ WKLV VLWXDWLRQ ZKHUH ZH

FRXOG QRW IRUPXODWH WKH PRGHO DV D JHQHUDOLVHG OLQHDU PRGHO� ,Q RXU VWXG\� ZH JHQHUDWHG

��� ERRWVWUDS VDPSOHV IRU HDFK W\SH RI VFKLVWRVRPLDVLV UHODWHG PRUELGLW\� 7KHQ ZH

FDOFXODWHG WKH SDUDPHWHUV D� E DQG F IRU HDFK ERRWVWUDS VDPSOH DQG SUHGLFWHG WKH QXPEHU

RI LQGLYLGXDOV ZLWK PRUELGLW\ DV GHVFULEHG LQ $SSHQGL[ �%� 7KH ��� HVWLPDWHV RI WKH

QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ ZHUH UDQNHG DQG WKH ��WK DQG ���WK ZHUH VHOHFWHG WR

UHSUHVHQW WKH ��� FRQILGHQFH LQWHUYDO� ,QWHUYDOV FRXOG EH FDOFXODWHG IRU KDHPDWXULD�

G\VXULD� EODGGHU SDWKRORJ\� GLDUUKRHD DQG EORRG LQ VWRRO� &DOFXODWLRQ RI LQWHUYDOV

RFFDVLRQDOO\ IDLOHG EHFDXVH WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\

ZDV QRW YHU\ GLVWLQFW �H�J� KHSDWRPHJDO\� RU EHFDXVH RI WRR IHZ GDWD SRLQWV �H�J�

KDHPDWHPHVLV�� 7KH ��� FRQILGHQFH LQWHUYDOV RQO\ WDNH LQWR DFFRXQW WKH XQFHUWDLQW\ LQ WKH

FXUYH SDUDPHWHUV D� E DQG F�

7KH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ RU SDWKRORJ\ DVVRFLDWHG ZLWK 6� KDHPDWRELXP DQG

6� PDQVRQL ZHUH HVWLPDWHG IRU $QJROD� %HQLQ� %RWVZDQD� %XUNLQD )DVR� %XUXQGL�
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&DPHURRQ� &HQWUDO $IULFDQ 5HSXEOLF� &KDG� &{WH G
,YRLUH� '5 &RQJR� (WKLRSLD� *DPELD�

*KDQD� *XLQHD� .HQ\D� /LEHULD� 0DGDJDVFDU� 0DODZL� 0DOL� 0DXULWDQLD� 0R]DPELTXH�

1DPLELD� 1LJHU� 1LJHULD� 6HQHJDO� 6LHUUD /HRQH� 6RPDOLD� 6RXWK $IULFD� 6XGDQ� 7DQ]DQLD�

7RJR� 8JDQGD� =DPELD� =LPEDEZH� 1R HVWLPDWHV RI 6� PDQVRQL DVVRFLDWHG PRUELGLW\ ZHUH

SURYLGHG IRU &RQJR� (TXDWRULDO *XLQHD� (ULWUHD� *DERQ� *XLQHD�%LVVDX DQG 6RPDOLD� DV

WKLV LQIHFWLRQ ZDV QRQ RU YHU\ ORZ HQGHPLF �SUHYDOHQFH a ����� 6LPLODUO\� HVWLPDWHV RI 6�

KDHPDWRELXP DVVRFLDWHG PRUELGLW\ ZHUH QRW FDOFXODWHG IRU %XUXQGL� (TXDWRULDO *XLQHD�

(ULWUHD DQG 5ZDQGD�

0RUWDOLW\

0RUWDOLW\ FDXVHG E\ LQIHFWLRQ ZLWK 6� KDHPDWRELXP ZLOO PDLQO\ EH GXH WR NLGQH\ IDLOXUH DQG

EODGGHU FDQFHU� 0RUWDOLW\ GXH WR 6� PDQVRQL LQIHFWLRQ ZLOO EH FDXVHG E\ KDHPDWHPHVLV RU

OLYHU IDLOXUH� $V IHZ VWXGLHV UHSRUW WKH SUHYDOHQFHV RI WKHVH FRQGLWLRQV RU WKHLU PRUWDOLW\

UDWH� RXU HVWLPDWHV RI LQFLGHQFH DQG PRUWDOLW\ GXH WR NLGQH\ IDLOXUH DQG KDHPDWHPHVLV DUH

FUXGH �$SSHQGL[ �&�� 'DWD RQ EODGGHU FDQFHU �VTXDPRXV FHOO FDUFLQRPD� IURP 6�

KDHPDWRELXP LQIHFWLRQ DUH VXIILFLHQW WR VXJJHVW D FDXVDO UHODWLRQVKLS �%HGZDQL HW DO�� �����

.LWLQ\D HW DO�� ����� /XFDV� ����� 0RVWDID HW DO�� ����� 7KRPDV HW DO�� ������ EXW WKHVH GDWD

GLG QRW DOORZ IRU HVWLPDWLQJ WKH SUHYDOHQFH� LQFLGHQFH RU PRUWDOLW\ UDWH� (VWLPDWHV RQ

LQFLGHQFH DQG PRUWDOLW\ GXH WR OLYHU IDLOXUH FDXVHG E\ 6� PDQVRQL LQIHFWLRQ ZHUH DOVR QRW

SRVVLEOH GXH WR ODFN RI GDWD�

��
���


7DEOH ��� VXPPDULVHV WKH W\SHV RI PRUELGLW\ DQG SDWKRORJ\ IRU ZKLFK GDWD ZHUH DYDLODEOH�

WKH PHWKRG RI PHDVXUHPHQW XVHG LQ WKH GLIIHUHQW VWXGLHV DQG WKH QXPEHU RI DUWLFOHV

FRQFHUQHG�

7DEOH ��� VKRZV WKH HVWLPDWHG QXPEHU RI LQGLYLGXDOV ZLWK VLJQV DQG V\PSWRPV GXH WR

LQIHFWLRQ ZLWK 6� KDHPDWRELXP LQ VXE�6DKDUDQ $IULFD� +DHPDWXULD �LQ WKH ODVW � ZHHNV� LV

SUHGLFWHG WR RFFXU LQ �� ���−��� PLOOLRQ LQGLYLGXDOV� +DHPDWXULD LV JHQHUDOO\ WKRXJKW WR
UHVXOW IURP EODGGHU SDWKRORJ\� WKHUHIRUH LW LV UHDVVXULQJ WKDW RXU FDOFXODWLRQV SUHGLFWHG D

FRPSDUDEOH QXPEHU RI LQGLYLGXDOV ZLWK XOWUDVRXQG GHWHFWHG PLQRU EODGGHU ZDOO SDWKRORJ\�

�� ���−���� PLOOLRQ� 0RUH VHULRXV SDWKRORJ\� PDMRU EODGGHU ZDOO SDWKRORJ\ DQG PRGHUDWH
DQG PDMRU K\GURQHSKURVLV ZDV HVWLPDWHG WR RFFXU LQ UHVSHFWLYHO\ ��� ��� DQG ��� PLOOLRQ

LQGLYLGXDOV� ,Q PRVW :HVW $IULFDQ FRXQWULHV WKH SHUFHQWDJH RI WKH WRWDO SRSXODWLRQ ZLWK

KDHPDWXULD DVVRFLDWHG ZLWK 6� KDHPDWRELXP LQIHFWLRQ LV !���� XS WR ��� LQ *DPELD �)LJXUH

����� 2WKHU FRXQWULHV ZLWK D KLJK EXUGHQ �SHUFHQWDJH FDVHV ZLWK KDHPDWXULD RI WKH WRWDO

SRSXODWLRQ� DUH $QJROD ������ 0DODZL ������ 0R]DPELTXH ������ 7DQ]DQLD ����� DQG

=LPEDEZH ������ .HQ\D� *KDQD� 0R]DPELTXH� 7DQ]DQLD DQG 1LJHULD DUH SUHGLFWHG WR

DFFRXQW IRU PRUH WKDQ ��� RI WKH PRUELGLW\ FDVHV DVVRFLDWHG ZLWK 6� KDHPDWRELXP� SDUWO\

GXH WR WKHLU ODUJH SRSXODWLRQV� 2WKHU FRXQWULHV ZLWK PDQ\ FDVHV �!� PLOOLRQ KDHPDWXULD

FDVHV� DUH $QJROD� %XUNLQD )DVR� &{WH G
,YRLUH DQG 6XGDQ�
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Table 5.1: Data used for the analysis: type of morbidity or pathology, method of measurement and
number of articles identified. Details are reported in Van der Werf et al. (2002a) and Van der Werf et al.

(submitted b) and Figure 5.3 (dysuria).

Type of morbidity or pathology Measured by Number of articles

Haematuria in last 2 weeks Questionnaire 15

Dysuria in last 2 weeks Questionnaire 10

Minor bladder pathology Ultrasound 21

Major bladder pathology Ultrasound 8

Moderate hydronephrosis Ultrasound 17

S
. H

A
E

M
A

T
O

B
IU

M

Major hydronephrosis Ultrasound 13

Diarrhoea in last 2 weeks Questionnaire 15

Blood in stool in last 2 weeks Questionnaire 21

Abdominal pain Questionnaire 22

Hepatomegaly (MSL) Clinical examination 30

Splenomegaly Clinical examination 43

Ascitis Clinical examination 9

S
. M

A
N

S
O

N
I

Haematemesis ever Questionnaire 11

7KH HVWLPDWHG QXPEHU RI FDVHV GXH WR LQIHFWLRQ ZLWK 6� PDQVRQL LV VKRZQ LQ 7DEOH ����

+HSDWRPHJDO\ DW 06/ LV SUHGLFWHG WR RFFXU LQ PRVW LQGLYLGXDOV ���� PLOOLRQ�� 'LDUUKRHD

ZDV HVWLPDWHG WR RFFXU LQ RQO\ ���� PLOOLRQ LQGLYLGXDOV LQ VXE�6DKDUDQ $IULFD� EXW WKLV

SUHGLFWLRQ ZDV VXEMHFW WR D ORW RI XQFHUWDLQW\� ,Q (DVW $IULFDQ FRXQWULHV WKH SHUFHQWDJH RI

WKH SRSXODWLRQ DIIHFWHG E\ 6� PDQVRQL LQIHFWLRQ ZDV JHQHUDOO\ KLJKHU WKDQ LQ :HVW $IULFD

�VHH )LJXUH ����� 0RUH WKDQ ��� RI WKH PRUELGLW\�SDWKRORJ\ FDVHV DVVRFLDWHG ZLWK 6�

PDQVRQL LQIHFWLRQ FDQ EH IRXQG LQ 7DQ]DQLD� '5 &RQJR� 1LJHULD DQG .HQ\D� 6XGDQ�

0R]DPELTXH DQG (WKLRSLD DOVR KDYH D VLJQLILFDQW EXUGHQ �!��� PLOOLRQ KHSDWRPHJDO\ 06/

FDVHV��

,QIHFWLRQ ZLWK 6� KDHPDWRELXP GRHV QRW VHHP WR JLYH ZLGHVSUHDG PRUELGLW\ LQ (WKLRSLD�

8JDQGD DQG 0DGDJDVFDU �SUHYDOHQFH ≤ ���� %XUXQGL� 5ZDQGD� (TXDWRULDO *XLQHD DQG

(ULWUHD DUH QRQ RU YHU\ ORZ HQGHPLF IRU 6� KDHPDWRELXP� &RXQWULHV ZLWK ORZ PRUELGLW\

DVVRFLDWHG ZLWK 6� PDQVRQL LQIHFWLRQ DUH 5ZDQGD� *DPELD� 6RXWK $IULFD DQG 0DXULWDQLD�

:KHUHDV� &RQJR� (TXDWRULDO *XLQHD� (ULWUHD� *DERQ� *XLQHD %LVVDX DQG 6RPDOLD DUH QRQ

RU YHU\ ORZ HQGHPLF IRU 6� PDQVRQL�

7KH QXPEHU RI FDVHV ZLWK KDHPDWHPHVLV �HYHU� ZDV HVWLPDWHG DW ��� PLOOLRQ� )URP WKH

DVVXPHG GLVHDVH VSHFLILF GHDWK UDWH DQG RYHUDOO PRUWDOLW\ �$SSHQGL[ �&�� ZH HVWLPDWHG WKH

DQQXDO LQFLGHQFH DQG PRUWDOLW\ GXH WR KDHPDWHPHVLV IRU VXE�6DKDUDQ $IULFD WR EH

UHVSHFWLYHO\ ������� DQG �������� 8VLQJ WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI �KHDY\�

LQIHFWLRQ ZLWK 6� KDHPDWRELXP DQG SUHYDOHQFH RI QRQ�IXQFWLRQLQJ NLGQH\ �$SSHQGL[ �&�� ZH

HVWLPDWHG ��� PLOOLRQ LQGLYLGXDOV ZLWK DW OHDVW RQH QRQ�IXQFWLRQLQJ NLGQH\ LQ VXE�6DKDUDQ

$IULFD� 7KLV FRUUHVSRQGV ZLWK D SUHGLFWHG LQFLGHQFH RI ������� DQG D PRUWDOLW\ RI �������

GXH WR WKLV FDXVH SHU \HDU�
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Table 5.2. Estimated number of individuals with morbidity or pathology due to S. haematobium infection
by age group in sub-Saharan Africa in millions (90% confidence interval). Intervals could be calculated for

haematuria, dysuria and bladder pathology.

Percentage haematuria

Not in study

0−5%

5−15%

>15%

Figure 5.1: Map of Africa indicating predicted proportion of the total population with haematuria from S.
haematobium infection by country.

Category Pre-school children School children Adults Total

At risk of infection 71 168 196 436

Infected 14 56 43 112

Haematuria in last 2 weeks 9.5 (6.6 − 12) 33 (25 − 39) 28 (20 − 36) 70 (51 − 87)

Dysuria in last 2 weeks 3.6 (1.7 − 7.0) 17 (10 − 28) 11 (5.5 − 21) 32 (17 − 54)

Minor bladder wall pathology 12 (8.5 − 15) 41 (33 − 46) 35 (25 − 42) 88 (67 − 102)

Major bladder wall pathology 2.3 (0.5 − 3.5) 9.0 (3.0 − 13) 6.9 (1.6 − 10) 18 (5.1 − 27)

Moderate hydronephrosis 2.4 4.1 2.8 9.3

Major hydronephrosis 0 5.2 4.3 9.6
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Table 5.3. Estimated number of individuals with morbidity or pathology due to S. mansoni infection by
age group in sub-Saharan Africa in millions (90% confidence interval). Intervals could be calculated for

diarrhoea and blood in stool.

Category Pre-school children School children Adults Total

At risk of infection 65 152 177 393

Infected 4.7 25 23 54

Diarrhoea in last 2 weeks 0.034 (0.00 − 0.72) 0.42 (0.0 − 3.6) 0.32 (0.0 − 3.5) 0.78 (0.0 − 7.8)

Blood in stool in last 2 weeks 0.24 (0.16 − 0.69) 2.3 (1.6 − 4.1) 1.9 (1.3 − 3.7) 4.4 (3.0 − 8.3)

Hepatomegaly (MSL) 0.076 4.0 3.8 8.5

Splenomegaly [0.61] [2.9] [2.8] [6.3]

Ascitis [0] [0] [0.29] [0.29]

Haematemesis ever [0] [0] [0.93] [0.93]

[  ] use with caution, risk for confounding (splenomegaly) or estimations derived from limited literature data

(ascitis and haematemesis)

Percentage hepatomegaly

Not in study

0−0.5%

0.5−2%

>2%

Figure 5.2: Map of Africa indicating predicted proportion of the total population with hepatomegaly (MSL)
from S. mansoni infection by country.
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:H DWWHPSWHG WR HVWLPDWH WKH QXPEHUV RI LQGLYLGXDOV ZLWK PRUELGLW\ RU SDWKRORJ\ GXH WR

VFKLVWRVRPH LQIHFWLRQ E\ XVLQJ DOO SXEOLVKHG GDWD IURP ILHOG VWXGLHV DQG WDNLQJ LQWR

DFFRXQW 
FRQIRXQGLQJ
 IDFWRUV� 7KH TXDOLW\ RI RXU HVWLPDWHV GHSHQGV RQ WKH DFFXUDF\ RI WKH

DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\� WKH TXDOLW\ RI WKH DYDLODEOH

SUHYDOHQFH RI LQIHFWLRQ GDWD DQG WKH FKRVHQ GHJUHH RI KHWHURJHQHLW\ LQ SUHYDOHQFH RI

LQIHFWLRQ�

)RU VRPH W\SHV RI PRUELGLW\ �PDMRU EODGGHU ZDOO SDWKRORJ\� KDHPDWHPHVLV DQG DVFLWLV� GDWD

ZHUH VFDUFH UHVXOWLQJ LQ SUHGLFWLRQV ZLWK ZLGH XQFHUWDLQW\ PDUJLQV� 7KH TXDOLW\ RI WKH

SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\ GDWD GLIIHUHG DPRQJ VWXGLHV GHSHQGLQJ RQ WKH

PHWKRGV XVHG DQG VDPSOH VL]H� %\ DJJUHJDWLQJ DOO GDWD ZH DLPHG WR DUULYH DW D JUDQG

DYHUDJH FRYHULQJ DOO HQGHPLFLW\ OHYHOV DQG JHRJUDSKLFDO DUHDV� )RU PRVW PRUELGLW\ W\SHV

DQG PRUWDOLW\� GDWD ZHUH LQVXIILFLHQW IRU HVWLPDWLQJ DJH�VSHFLILF DVVRFLDWLRQV EHWZHHQ

SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI PRUELGLW\� :KHUH GDWD ZHUH DYDLODEOH WKH

DVVRFLDWLRQ IRU FKLOGUHQ DQG DGXOWV DSSHDUHG WR EH VLPLODU �9DQ GHU :HUI HW DO�� ����D�� )RU

VHYHUDO VLJQV DQG V\PSWRPV UHODWHG WR VFKLVWRVRPLDVLV� GDWD ZHUH LQVXIILFLHQW IRU HVWLPDWLQJ

DQ DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\�SDWKRORJ\ �6� KDHPDWRELXP

DQG 6� PDQVRQL� FHUFDULDO GHUPDWLWLV� SQHXPRQLD DW LQYDVLRQ VWDJH� DQDHPLD� DQG HFWRSLF

OHVLRQV� 6� KDHPDWRELXP� EODGGHU FDQFHU� JHQLWDO OHVLRQV� DQG UHQDO IDLOXUH� 6� PDQVRQL�

.DWD\DPD IHYHU� OLYHU IDLOXUH DQG FRU SXOPRQDOH�� )RU PRUH VXEWOH FRQVHTXHQFHV

�UHGXFWLRQ RI JURZWK� LPSDLUHG FRJQLWLYH GHYHORSPHQW DQG UHGXFHG SK\VLFDO ILWQHVV�

HYLGHQFH ZDV FRQIOLFWLQJ� 7KHUHIRUH� WKHVH PRUELGLW\ W\SHV FRXOG QRW EH LQFOXGHG LQ WKH

FDOFXODWLRQV� $V D FRQVHTXHQFH� WKH EXUGHQ FDXVHG E\ WKHVH VLJQV DQG V\PSWRPV FRXOG QRW

EH LQFOXGHG LQ WKH FDOFXODWLRQV RI WKH WRWDO EXUGHQ RI VFKLVWRVRPLDVLV� 1RWDEO\� WKLV ZLOO

UHVXOW LQ DQ XQGHUHVWLPDWLRQ� 7KH SUHYDOHQFH RI LQIHFWLRQ GDWD ZHUH GHULYHG IURP VXUYH\

GDWD �%URRNHU HW DO�� ����E� DQG DGGLWLRQDO FRXQWU\ LQIRUPDWLRQ� 7KHVH GDWD DOVR YDU\ LQ

TXDQWLW\ DQG TXDOLW\�

7KH QXPEHU RI 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWHG LQGLYLGXDOV LQ VXE�6DKDUDQ $IULFD

XVHG IRU WKH FDOFXODWLRQV ZDV HVWLPDWHG WR EH ��� DQG �� PLOOLRQ UHVSHFWLYHO\� ,W LV GLIILFXOW

WR FRPSDUH WKHVH HVWLPDWHV ZLWK RWKHU HVWLPDWHV DV VRPH LQGLYLGXDOV PD\ KDUERXU ERWK

LQIHFWLRQV� 1HYHUWKHOHVV� RXU YDOXHV DUH FRPSDUDEOH WR WKRVH IURP RWKHU VWXGLHV� H�J� ���

PLOOLRQ VFKLVWRVRPH LQIHFWLRQV LQ VXE�6DKDUDQ $IULFD �&KLWVXOR HW DO�� ����� ,DURWVNL DQG

'DYLV� ����� DQG ��� PLOOLRQ LQ WKH ZRUOG �:+2� ������

$V SUHYDOHQFHV RI LQIHFWLRQ GDWD UDQJH EHWZHHQ ��� DQG ���� D QRUPDO GLVWULEXWLRQ RI ORJLW

WUDQVIRUPHG GDWD ZDV XVHG WR DFFRXQW IRU KHWHURJHQHLW\� 2XU HVWLPDWH RI WKH JHQHUDO

GHJUHH RI KHWHURJHQHLW\ �VWDQGDUG GHYLDWLRQ� ³  ���� FDQQRW EH GLUHFWO\ FRPSDUHG WR WKH

UHVXOWV RI RWKHUV �&KDQ HW DO�� ������ DV WKH\ GLG QRW XVH D ORJLW WUDQVIRUPDWLRQ� +RZHYHU�

WKH GHJUHH RI KHWHURJHQHLW\ IURP WKH QRQ�WUDQVIRUPHG SUHYDOHQFH GDWD LQ RXU VWXG\ �³


UDQJLQJ IURP ���� WR ����� ZDV FRPSDUDEOH ZLWK WKDW IRU $VFDULV OXPEULFRLGHV� 7ULFKXULV

WULFKLXUD DQG KRRNZRUP �³
 UDQJLQJ IURP ���� WR ����� ���� WR ���� DQG ���� WR �����

UHVSHFWLYHO\ �&KDQ HW DO�� ������� :H GLG QRW ILQG D UHODWLRQVKLS EHWZHHQ PHDQ DQG VWDQGDUG
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GHYLDWLRQ DV ZDV IRXQG IRU $VFDULV DQG 7ULFKXULV� 7R LOOXVWUDWH WKH LPSRUWDQFH RI WKH

GHJUHH RI KHWHURJHQHLW\� ZH FDOFXODWHG WKH QXPEHU RI KDHPDWXULD FDVHV IRU GLIIHUHQW

VWDQGDUG GHYLDWLRQV� $ ³  ��� UHVXOWV LQ �� PLOOLRQ KDHPDWXULD FDVHV� FRPSDUHG WR ��

PLOOLRQ IRU WKH FKRVHQ ³  ���� $ KLJKHU VWDQGDUG GHYLDWLRQ �³  ���� SUHGLFWHG �� PLOOLRQ

KDHPDWXULD FDVHV� )XWXUH ZRUN QHHGV WR IRFXV RQ WKLV KHWHURJHQHLW\ DQG SURFHVVHV

JHQHUDWLQJ LW� 7KLV ZLOO LPSURYH XQGHUVWDQGLQJ RI WKH VSDWLDO VWUXFWXUH RI VFKLVWRVRPLDVLV

ZLWKLQ HQGHPLF UHJLRQV� DQG OHDG WR D PRUH SUHFLVH PDSSLQJ RI GLVWULEXWLRQ DQG PRUH

UHOLDEOH HVWLPDWHV RI GLVHDVH EXUGHQ�

:H HVWLPDWHG WKDW ��� PLOOLRQ LQGLYLGXDOV KDYH VSOHQRPHJDO\ GXH WR LQIHFWLRQ ZLWK 6�

PDQVRQL� 7KLV ILJXUH VKRXOG EH XVHG ZLWK PXFK FDXWLRQ� DV VSOHQRPHJDO\ FDQ DOVR EH WKH

UHVXOW RI LQIHFWLRQ ZLWK 3ODVPRGLXP VSHFLHV DQG WKHVH FDXVHV PD\ FRQFXU DV SRSXODWLRQV

ZLWK D KLJK SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ PD\ KDYH D KLJK SUHYDOHQFH RI PDODULD

�PRVTXLWR EUHHGLQJ SODFHV LQ WKH LUULJDWLRQ FDQDOV ZKHUH DOVR WKH LQWHUPHGLDWH KRVWV RI

VFKLVWRVRPHV FRXOG OLYH� DQG� LI VR� HIIHFWV RI 6� PDQVRQL LQIHFWLRQ PLJKW EH RYHUHVWLPDWHG�

$OVR� SDUDVLWLF LQIHFWLRQV WHQG WR FOXVWHU LQ SRRU SRSXODWLRQV �%RRWK HW DO�� ����D��

8VLQJ RXU HVWLPDWLRQV� LW FDQ EH LQIHUUHG WKDW IRU 6� KDHPDWRELXP ��� RI WKH LQIHFWHG

LQGLYLGXDOV KDG KDHPDWXULD LQ WKH ODVW � ZHHNV GXH WR WKHLU LQIHFWLRQ� ��� G\VXULD DQG

���� PDMRU K\GURQHSKURVLV� 7KLV DJUHHV ZLWK WKH SUHYLRXVO\ XVHG VLPSOLVWLF DVVXPSWLRQ RI

��� RI WKH LQIHFWHG LQGLYLGXDOV EHLQJ V\PSWRPDWLF DQG ��� KDYLQJ VHULRXV FOLQLFDO

PRUELGLW\ �:+2� ������ )RU 6� PDQVRQL WKH SURSRUWLRQV ZLWK PRUELGLW\ DQG�RU SDWKRORJ\

ZHUH PXFK ORZHU� ���� IRU GLDUUKRHD� �� IRU EORRG LQ VWRRO DQG ��� IRU KHSDWRPHJDO\

�06/�� 7KH DVVRFLDWLRQ EHWZHHQ 6� PDQVRQL SUHYDOHQFH DQG GLDUUKRHD LV QRW YHU\ GLVWLQFW�

7KLV PD\ DFFRXQW IRU RXU ORZ HVWLPDWH DQG ZLGH ��� FRQILGHQFH LQWHUYDO� 7KH UHDO

QXPEHU RI PRUELGLW\ FDVHV FRXOG EH PXFK KLJKHU� 2WKHUV KDYH UHSRUWHG RQ WKH YDU\LQJ

UHODWLRQ EHWZHHQ PRUELGLW\ DQG SUHYDOHQFH RI 6� PDQVRQL LQIHFWLRQ� L�H� DUHDV ZLWK KLJK

SUHYDOHQFH RI LQIHFWLRQ DQG ORZ SUHYDOHQFH RI PRUELGLW\ DQG YLFH YHUVD �*U\VHHOV� �����

*U\VHHOV� ������ 7KH DVVRFLDWLRQ EHWZHHQ 6� KDHPDWRELXP LQIHFWLRQ DQG PRUELGLW\ VHHPV WR

EH PRUH VWUDLJKWIRUZDUG �%RRWK HW DO�� ����E� *X\DWW HW DO�� ����D� /HQJHOHU HW DO�� �����

/HQJHOHU HW DO�� ������ ,W PXVW EH QRWHG WKDW RXU ��� FRQILGHQFH LQWHUYDOV LJQRUH

XQFHUWDLQW\ LQ WKH RULJLQDO PHDVXUHPHQWV RI SUHYDOHQFHV DQG XQFHUWDLQW\ LQ SUHYDOHQFH RI

LQIHFWLRQ LQ FRXQWULHV LV DOVR QRW WDNHQ DFFRXQW RI�

2XU HVWLPDWH RI WKH QXPEHU RI GHDWKV LQ VXE�6DKDUDQ $IULFD DWWULEXWHG WR VFKLVWRVRPLDVLV

�������� E\ QRQ�IXQFWLRQLQJ NLGQH\ DQG ������� E\ KDHPDWHPHVLV� LV PXFK KLJKHU WKDQ

WKH HVWLPDWH IURP WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH ����� GHDWKV� �0XUUD\ DQG

/RSH]� ������ 7KH PRUWDOLW\ HVWLPDWHV LQ WKLV LQLWLDWLYH KDYH EHHQ EDVHG RQ PRGHOV WKDW XVH

WKH UHODWLRQVKLS EHWZHHQ JHQHUDO PRUWDOLW\ DQG EURDG FDXVH JURXS PRUWDOLW\ WR HVWLPDWH

FDXVH VSHFLILF PRUWDOLW\ LQ DUHDV VXFK DV VXE�6DKDUDQ $IULFD ZKLFK GR QRW KDYH IXOO\

IXQFWLRQLQJ YLWDO UHJLVWUDWLRQ V\VWHPV� :H EHOLHYH WKDW WKH QHZ HVWLPDWHV SUHVHQWHG LQ WKLV

SDSHU ZLOO JUHDWO\ IDFLOLWDWH WKH SURFHVV RI XSGDWLQJ :+2 ILJXUHV IRU GHDWKV GXH WR

VFKLVWRVRPLDVLV�
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2XU HVWLPDWLRQV KDYH DOVR WR EH WUHDWHG ZLWK FDXWLRQ� 7KH QXPEHU RI FDVHV ZLWK

KDHPDWHPHVLV ZDV GHULYHG IURP ILHOG VWXGLHV� ZKLFK FRXOG EH ELDVHG GXH WR WKH ORQJ UHFDOO

SHULRG XVHG LQ WKH TXHVWLRQQDLUHV� )XUWKHUPRUH� KDHPDWHPHVLV KDV D KLJK PRUWDOLW\ DQG

LQGLYLGXDOV ZKR GLHG RI H[VDQJXLQDWLRQ DUH QRW LGHQWLILHG LQ D FURVV�VHFWLRQDO SRSXODWLRQ

VWXG\� 6LPLODUO\� RXU HVWLPDWH IRU QRQ�IXQFWLRQLQJ NLGQH\ LV QRW YHU\ UHOLDEOH� 2Q WKH RWKHU

KDQG� EODGGHU FDQFHU �6� KDHPDWRELXP� DQG OLYHU IDLOXUH �6� PDQVRQL� ZLOO DOVR EH UHVSRQVLEOH

IRU D FHUWDLQ QXPEHU RI GHDWKV� EXW FXUUHQWO\ QR GDWD DUH DYDLODEOH WR SURYLGH HYHQ WKH

ZHDNHVW HVWLPDWHV� )HZ RWKHU VWXGLHV GHVFULEHG GHDWK GXH WR VFKLVWRVRPLDVLV� .KHLU HW DO�

������ UHSRUWHG PRUWDOLW\ GXH WR VFKLVWRVRPLDVLV LQ D KLJKO\ HQGHPLF YLOODJH LQ 6XGDQ �IRXU

LQGLYLGXDOV GLHG IURP KDHPDWHPHVLV LQ VHYHQ \HDUV �SRSXODWLRQ VL]H ������� $QG D VWXG\ LQ

%UD]LO UHSRUWV D PRUWDOLW\ UDWH GXH WR VFKLVWRVRPLDVLV RI ������������� 7KHVH VWXGLHV GLG

QRW DOORZ IRU SUHGLFWLQJ D JHQHUDO PRUWDOLW\ UDWH IRU 6� PDQVRQL LQIHFWLRQ�

*LYHQ WKH TXDOLW\ RI WKH GDWD DYDLODEOH� ZH FRQFOXGH WKDW PRVW RI RXU PRUELGLW\ HVWLPDWHV

DUH DW OHDVW D UHDVRQDEOH VWDUWLQJ SRLQW WR EH XVHG LQ �JOREDO� EXUGHQ RI GLVHDVH FDOFXODWLRQV�

2XU VWXG\ FHUWDLQO\ SURYLGHV WKH EHVW DWWHPSW WKXV IDU WR DUULYH DW HVWLPDWHV XVLQJ DOO

LQIRUPDWLRQ DYDLODEOH� :H KDYH FOHDUO\ GHPRQVWUDWHG WKDW QXPEHU RI FDVHV ZLWK

VFKLVWRVRPLDVLV�UHODWHG VLJQV DQG V\PSWRPV DUH KLJK DQG HDVLO\ FRQFHUQ PLOOLRQV�

0RUHRYHU� ZH GLG QRW HYHQ LQFOXGH SRWHQWLDOO\ LPSRUWDQW QRQ�FOLQLFDO PRUELGLW\� VXFK DV

JURZWK UHWDUGDWLRQ� 2XU HVWLPDWHV RI PRUELGLW\ DQG SDWKRORJ\ �DQG DOVR GHDWK� DVVRFLDWHG

ZLWK VFKLVWRVRPLDVLV XQGHUOLQH WKDW WKLV FODVVLFDO WURSLFDO GLVHDVH UHPDLQV DQ LPSRUWDQW

SXEOLF KHDOWK SUREOHP LQ VXE�6DKDUDQ $IULFD� 7KH JOREDO LPSRUWDQFH RI VFKLVWRVRPLDVLV

ZLOO IXUWKHU LQFUHDVH E\ LQFOXGLQJ VRPH HQGHPLF FRXQWULHV RXWVLGH VXE�6DKDUDQ $IULFD�

VXFK DV (J\SW �6� KDHPDWRELXP DQG 6� PDQVRQL�� %UD]LO �6� PDQVRQL� DQG &KLQD �6� MDSRQLFXP��

���������������


7KH DXWKRUV DFNQRZOHGJH WKH FR�RSHUDWLRQ RI +� )HOGPHLHU� &�)� +DW]� -�5� /DPEHUWXFFL�

5� 2OGV� -� 5LFKWHU� :H WKDQN -� 8W]LQJHU IRU SURYLGLQJ GDWD IRU WKH KHWHURJHQHLW\ DQDO\VLV�

7KLV VWXG\ ZDV SHUIRUPHG ZLWKLQ WKH :2752�1:2 IXQGHG PXOWLGLVFLSOLQDU\

SURJUDPPH 
0RGHO�EDVHG GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL�

1LJHU DQG 6HQHJDO
 DQG ZDV DOVR IXQGHG E\ WKH GHSDUWPHQW RI &RPPXQLFDEOH 'LVHDVHV

&RQWURO� 3UHYHQWLRQ DQG (UDGLFDWLRQ� :RUOG +HDOWK 2UJDQL]DWLRQ� *HQHYD� 6ZLW]HUODQG

DQG WKH :HOOFRPH 7UXVW �LQ WKH IRUP RI D :HOOFRPH 7UXVW 3UL]H )HOORZVKLS WR 6%

�1R���������



C H A P T E R  5

��

����������� ��

��	��	�������	�	�!����	�"���	��

:H UHODWHG SUHYDOHQFH RI PRUELGLW\ �\�D[LV� WR SUHYDOHQFH RI LQIHFWLRQ �[�D[LV� RQ

FRPPXQLW\ OHYHO E\ XVLQJ DQ H[SUHVVLRQ UHODWHG WR WKH ORJLVWLF UHJUHVVLRQ FXUYH �9DQ GHU

:HUI HW DO�� ����D�

\  �D � E[ F���� � E[ F� ���

7KLV HTXDWLRQ DOORZV IRU EDVHOLQH PRUELGLW\ GHILQHG E\ SDUDPHWHU D �SUHYDOHQFH GXH WR

RWKHU GLVHDVHV� DQG WKH GHJUHH RI DVVRFLDWLRQ LV GHVFULEHG E\ E DQG F� 7KH GHULYDWLYH DW [  

� DQG \  D HTXDOV ]HUR� ZKLFK PHDQV WKDW QR PRUELGLW\ LV GXH WR VFKLVWRVRPH LQIHFWLRQ DW

YHU\ ORZ SUHYDOHQFHV� ,W DV\PSWRWLFDOO\ �EXW QRW QHFHVVDULO\� UHDFKHV D SUHYDOHQFH RI

PRUELGLW\ RI ����� 7R HVWLPDWH WKH YDOXHV RI SDUDPHWHUV D� E DQG F ZH XVHG D 6\VWDW

SURJUDP �YHUVLRQ ���� ����� DQG ILWWHG (TXDWLRQ � WR DOO Q GDWD SRLQWV� 7KH ILW ZDV

GHWHUPLQHG E\ DVVXPLQJ D ELQRPLDO GLVWULEXWLRQ IRU HDFK GDWD SRLQW L �L  �� «� Q� DQG

ZLWKRXW DVVLJQLQJ ZHLJKW DFFRUGLQJ WR VL]H RI WKH SRSXODWLRQ� $V DQ H[DPSOH� )LJXUH ���

VKRZV WKH FXUYH WKDW ZDV ILWWHG IRU WKH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI 6� KDHPDWRELXP

LQIHFWLRQ DQG G\VXULD� ,W VKRZV D EDVHOLQH SUHYDOHQFH RI QRQ�VSHFLILF G\VXULD �L�H� G\VXULD

GXH WR RWKHU FDXVHV� RI D  ����� DQG DW DURXQG ���� SUHYDOHQFH RI LQIHFWLRQ WKH SUHYDOHQFH

RI G\VXULD LQFUHDVHV WR �����
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Figure 5.3: Association between prevalence of S. haematobium infection and prevalence of dysuria in
last 2 weeks (measured by questionnaire). The association is described by Equation 1 with a = 0.30, b = 1.94

and c = 4.23. The data were derived from (Abdel-Wahab et al., 1992a, Abdel-Wahab et al., 2000b, Gabr et al.,
2000, Hammam et al., 2000a, Hammam et al., 2000b, King et al., 1988a, Masaba et al., 1983, Mungomba and
Kalumba, 1995, Traquinho et al., 1998, Warren et al., 1979).

)RU K\GURQHSKURVLV� KHSDWRPHJDO\ �06/� DQG VSOHQRPHJDO\� ILWWLQJ (TXDWLRQ � \LHOGHG

ELRORJLFDOO\ XQUHDOLVWLF FXUYHV �L�H� D VKDUS LQFUHDVH RI SDWKRORJ\ DW ORZ SUHYDOHQFH RI



C H A P T E R  5

��

LQIHFWLRQ� GXH WR VSDUVH GDWD� )RU WKHVH W\SHV RI SDWKRORJ\ ZH UHGXFHG WKH QXPEHU RI

SDUDPHWHUV E\ SUH�VHWWLQJ WKH SRLQW RI LQIOHFWLRQ DW ���� KHQFH E  �F ² ����F � ��� (QWHULQJ

E  �F ² ����F � �� LQ (TXDWLRQ � UHVXOWV LQ

F
[FF

F
[FFD

\
���������

��������

+−+
+−+

= ���

)URP WKH ILWWHG H[SUHVVLRQ� WKH FXUYH ZLWK D  � �QR EDVHOLQH�

\  E[ F ��� � E[ F�� ���

RU LWV DOWHUQDWLYH ZLWK E  �F ² ����F � ��� FDQ EH XVHG WR PDNH SUHGLFWLRQV IRU D FRPPXQLW\

RQ WKH PRUELGLW\ SRWHQWLDOO\ GXH WR LQIHFWLRQ ZLWK VFKLVWRVRPHV� )RU IXUWKHU GHWDLOV VHH

9DQ GHU :HUI �����D��

'DWD VRXUFHV� JUDSKLFDO SORWV� GDWD SRLQWV DQG SDUDPHWHUV E DQG F RI WKH HTXDWLRQV WKDW DUH

XVHG IRU SUHGLFWLQJ WKH SUHYDOHQFH RI PRUELGLW\ LQ D FRPPXQLW\ DUH GHVFULEHG 9DQ GHU

:HUI �����D�� �9DQ GHU :HUI HW DO�� VXEPLWWHG E� DQG LQ WKH UHSRUW 0RUELGLW\ DQG LQIHFWLRQ ZLWK

VFKLVWRVRPHV RU VRLO�WUDQVPLWWHG KHOPLQWKV E\ 0DULHNH -� YDQ GHU :HUI DQG 6DNH -� GH 9ODV �DW WKH

UHTXHVW RI :+2�39&�&3(�� 3DUDPHWHUV IRU PRUELGLW\ DQG SDWKRORJ\ GXH WR LQIHFWLRQ

ZLWK 6� KDHPDWRELXP DUH E  ����� F  ���� IRU KDHPDWXULD� E  ����� F  ���� IRU G\VXULD� E  

����� F  ���� IRU PLQRU EODGGHU SDWKRORJ\� E  ����� F  ���� IRU PDMRU EODGGHU SDWKRORJ\�

E  ����� F  ���� IRU PRGHUDWH DQG PDMRU K\GURQHSKURVLV DQG E  ����� F  ���� IRU PDMRU

K\GURQHSKURVLV� )RU SUHGLFWLQJ PRUELGLW\ GXH WR 6� PDQVRQL LQIHFWLRQ� WKH SDUDPHWHUV RI

WKH HTXDWLRQ DUH E  ����� F  ���� IRU GLDUUKRHD� E  ����� F  ���� IRU EORRG LQ VWRRO� E  

����� F  ���� IRU KHSDWRPHJDO\ �06/�� E  ����� F  ���� IRU VSOHQRPHJDO\� E  ������ F  

���� IRU DVFLWLV DQG E  ������ F  ���� IRU KDHPDWHPHVLV� 7KH DVVRFLDWLRQ EHWZHHQ 6�

PDQVRQL LQIHFWLRQ DQG DEGRPLQDO SDLQ ZDV QRQ�FRQFOXVLYH� )RU KDHPDWHPHVLV DQG DVFLWLV

ZH DVVXPHG DOO PRUELGLW\ FDVHV WR EH LQ WKH DGXOW JURXS DQG WKH UHSRUWHG SUHYDOHQFH RI

LQIHFWLRQ WR UHIOHFW WKH WRWDO SRSXODWLRQ�
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7KH HTXDWLRQV GHVFULEHG LQ $SSHQGL[ �$ DOORZ IRU WKH HVWLPDWLRQ RI PRUELGLW\ LQ

LQGLYLGXDO FRPPXQLWLHV �PRVWO\ YLOODJHV� EXW FDQQRW EH XVHG WR SUHGLFW SUHYDOHQFHV RI

PRUELGLW\ RQ DQ DJJUHJDWHG �H�J� FRXQWU\� OHYHO� 0RVW PRUELGLW\ ZLOO RFFXU LQ YLOODJHV ZLWK

WKH KLJKHVW SUHYDOHQFH RI LQIHFWLRQ� +RZHYHU� HYHQ FRXQWULHV ZLWK D ORZ PHDQ SUHYDOHQFH

ZLOO KDYH VRPH YLOODJHV ZLWK UHODWLYHO\ KLJK SUHYDOHQFHV RI LQIHFWLRQ� 7KHUHIRUH� PRUELGLW\

ZRXOG EH XQGHUHVWLPDWHG LI WKH PHDQ FRXQWU\ SUHYDOHQFH RI LQIHFWLRQ ZHUH XVHG IRU WKH

FDOFXODWLRQ� 7KLV LV GXH WR FRQYH[LW\ RI WKH UHODWLRQVKLS EHWZHHQ FRPPXQLW\ SUHYDOHQFH RI

LQIHFWLRQ DQG PRUELGLW\� 7KXV� ZH KDYH WR WDNH LQWR DFFRXQW WKH GLVWULEXWLRQ RI

SUHYDOHQFHV RI LQIHFWLRQ LQ D FRXQWU\ �&KDQ HW DO�� ������ 6XEVHTXHQWO\ XVLQJ (TXDWLRQ ��

WKH SUHYDOHQFH RI PRUELGLW\ \ LQ D FRXQWU\ ZLWK PHDQ SUHYDOHQFH RI LQIHFWLRQ ¬ LV SUHGLFWHG

E\

�_3U�
�

��
µ∫

+
= [F

E[

F
E[

\ ���

ZKHUH 3U�[ _ ¬� GHQRWHV WKH SUREDELOLW\ RI D FRPPXQLW\ KDYLQJ SUHYDOHQFH RI LQIHFWLRQ [

JLYHQ D FRXQWU\ ZLWK PHDQ ¬�

7KH GLVWULEXWLRQ RI SUHYDOHQFHV ZLWKLQ D FRXQWU\� FDQ EH JOHDQHG IURP WZR GDWD VHWV IRU 6�

KDHPDWRELXP �NLQGO\ SURYLGHG E\ �*X\DWW HW DO�� ����D� DQG �/HQJHOHU HW DO�� ������ DQG IRXU

GDWD VHWV IRU 6� PDQVRQL �NLQGO\ SURYLGHG E\ �%DUDNDW HW DO�� ����� *U\VHHOV DQG 1NXOLN\LQND�

����� /HQJHOHU HW DO�� ����� DQG �8W]LQJHU HW DO�� ������ 7R DOORZ IRU SUHYDOHQFHV YDU\LQJ

EHWZHHQ DW OHDVW ��� DQG DW PRVW ���� ZH KDYH ILWWHG D QRUPDO GLVWULEXWLRQ WR WKH ORJLW

WUDQVIRUPHG ��ORJ�3
L
��� ² 3

L
�� SUHYDOHQFHV 3

L
�L  �� ��� 1� DQG HVWLPDWHG WKH VWDQGDUG

GHYLDWLRQ σ IRU HDFK GDWD VHW�
)LJXUH ��� VKRZV DQ DGHTXDWH ILW IRU DOO GDWD VHWV� EXW WKH VWDQGDUG GHYLDWLRQV RI WKH

GLVWULEXWLRQV UDQJHG IURP ³  ���� WR ����� 0RVW GDWD FRQFHUQHG SUHYDOHQFHV LQ D GLVWULFW�

7KHUHIRUH� ZH DVVXPHG WKDW WKH VWDQGDUG GHYLDWLRQ IRU D FRXQWU\ ZLOO EH UHODWLYHO\ KLJK EXW

QRW QHFHVVDULO\ HTXDO WR WKH GLVWULFW ZLWK WKH ODUJHVW KHWHURJHQHLW\� )RU ERWK 6� KDHPDWRELXP

DQG 6� PDQVRQL� ZH FKRVH D VWDQGDUG GHYLDWLRQ RI ³  ��� �FRPSDUDEOH ZLWK &{WH G·,YRLUH�

IRU FRXQWU\�UHJLRQ SUHYDOHQFH RI LQIHFWLRQ WR FDOFXODWH WKH PHDQ SUHYDOHQFH RI PRUELGLW\

LQ D FRXQWU\�
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Figure 5.4: Cumulative distribution of (a) S. haematobium prevalences in Kilombero district of Morogoro
Region, Tanzania [Tanzania 1], N (number of schools or communities) = 54, mean = 0.16 ('anti-logit' of the
mean of logit transformed data) and σ = 0.54 (Lengeler et al., 1991) and Magu district of Mwanza Region,
Tanzania [Tanzania 2], N =52, mean = 0.58 and σ = 0.37 (Guyatt et al., 1999a).  And, (b) S. mansoni
prevalences, of the Rusizi Plain, Burundi, N = 9, mean = 0.28 and σ = 0.45 (Gryseels and Nkulikyinka,
1988), the region of Kafr El Sheikh governorate, Egypt, N = 44, mean = 0.42 and σ = 0.20 (Barakat et al.,
1995), and (c) the town of Matadi and the administrative zone of Songololo, Congo, N = 54, mean = 0.20
and σ = 0.87 (Lengeler et al., 2000), and the region of Man, western Côte d’Ivoire, N = 60, mean = 0.54 and
σ = 0.56 (Utzinger et al., 2000) (data were kindly provided by the authors). The value between brackets is

standard deviation σ of logit transformed prevalences. The steeper the line around 50% cumulative frequency,
the lower the value of σ. The dashed lines represent the fitted distributions.
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,QFLGHQFH RI PRUWDOLW\ ZDV HVWLPDWHG IURP WKH �HVWLPDWHG� QXPEHU RI FDVHV ZLWK OLIH�

WKUHDWHQLQJ PRUELGLW\� KHUH QRQ�IXQFWLRQLQJ NLGQH\ GXH WR 6� KDHPDWRELXP DQG

KDHPDWHPHVLV GXH WR 6� PDQVRQL� %\ DVVXPLQJ DQ H[SRQHQWLDO GLVWULEXWLRQ� WKH GLVHDVH

VSHFLILF DQQXDO GHDWK UDWH X FDQ EH REWDLQHG IURP IROORZ�XS VWXGLHV E\

X  − OQ �� − S��W ���

LQ ZKLFK S LV WKH SURSRUWLRQ GHDG ZLWKLQ D SHULRG W LQ \HDUV� *LYHQ D QXPEHU RI FDVHV ZLWK

PRUELGLW\ F� DQG DVVXPLQJ QR WLPH�WUHQGV� WKH LQFLGHQFH L LV DSSUR[LPDWHG E\

L  F �P � X� ���

LQ ZKLFK P LV WKH JHQHUDO PRUWDOLW\ UDWH LQ WKH SRSXODWLRQ� 7KH QXPEHU RI GLVHDVH VSHFLILF

GHDWKV G SHU \HDU FDQ EH FDOFXODWHG IURP

G  L 
 X��P � X�  F X ���

7R WKH EHVW RI RXU NQRZOHGJH� RQO\ RQH SXEOLVKHG VWXG\ SURYLGHG GDWD WR LQIHU D GHDWK UDWH

RI LQGLYLGXDOV ZLWK QRQ�IXQFWLRQLQJ NLGQH\ DQG RQO\ WZR VWXGLHV IRU KDHPDWHPHVLV� 2XW RI

VHYHQ LQGLYLGXDOV ZLWK QRQ�IXQFWLRQLQJ NLGQH\� WKUHH GLHG ZLWKLQ � \HDU �)RUV\WK HW DO��

������ OHDGLQJ WR X  ���� SHU \HDU IRU QRQ�IXQFWLRQLQJ NLGQH\ �(TXDWLRQ ��� )RU

KDHPDWHPLVLV� � RXW RI �� SDWLHQWV GLHG ZLWKLQ � \HDU �.LLUH� ����� DQG � RXW RI �� GLHG

ZLWKLQ �� PRQWKV �5LFKWHU HW DO�� ������ 7KLV DVVRFLDWHV ZLWK DQ DYHUDJH RI X  ���� SHU

\HDU� 7KH JHQHUDO PRUWDOLW\ UDWH �P  �����\HDU� ZDV REWDLQHG IURP KWWS���ZZZ�VWDWLVWLFDO�

GDWD�RUJ�LQGH[�KWPO ��� $XJXVW ������

7KH QXPEHU RI FDVHV ZLWK KDHPDWHPHVLV �HYHU� DW FURVV�VHFWLRQ FRXOG EH REWDLQHG IURP

RXU HVWLPDWHV XVLQJ WKH SUHYDOHQFH RI LQIHFWLRQ �VHH $SSHQGL[ �$�� )RU QRQ�IXQFWLRQLQJ

NLGQH\ �GHWHFWHG E\ LQWUDYHQRXV S\HORJUDP�� RQO\ WZR VWXGLHV ZHUH DYDLODEOH WR DUULYH DW DQ

DVVRFLDWLRQ EHWZHHQ LQIHFWLRQ DQG PRUELGLW\ �)RUV\WK� ����� )RUV\WK DQG %UDGOH\� ������

$V WKLV ZDV QRW VXIILFLHQW WR ILW HTXDWLRQ � RU �� ZH FKRVH D GLIIHUHQW SURFHGXUH� )LUVW� ZH

DVVXPHG WKDW QRQ�IXQFWLRQLQJ NLGQH\ VKRZV D OLQHDU DVVRFLDWLRQ ZLWK WKH QXPEHU RI

LQGLYLGXDOV ZLWK KHDY\ LQIHFWLRQV �! �� HJJV SHU �� PO�� DQ HVWLPDWH RI WKLV QXPEHU IRU D

JLYHQ FRPPXQLW\ SUHYDOHQFH RI LQIHFWLRQ ZDV REWDLQHG IURP DQ H[LVWLQJ HJJ FRXQW PRGHO

�'H 9ODV HW DO�� ������ 6HFRQG� ZH DVVXPHG WKDW DOO QRQ�IXQFWLRQLQJ NLGQH\ FDVHV LQ 6�

KDHPDWRELXP HQGHPLF DUHDV DUH FDXVHG E\ WKH LQIHFWLRQ� )RUV\WK DQG %UDGOH\ ������
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LQYHVWLJDWHG ��� 6� KDHPDWRELXP LQIHFWHG LQGLYLGXDOV LQ D SRSXODWLRQ ZLWK SUHYDOHQFH ���

�L�H� DERXW ��� LQGLYLGXDOV ! �� HJJV SHU �� PO� E\ LQWUDYHQRXV S\HORJUDP DQG GHWHFWHG ��

ZLWK DW OHDVW RQH QRQ�IXQFWLRQLQJ NLGQH\� )RUV\WK ������ IRXQG DPRQJ ��� LQIHFWHG

LQGLYLGXDOV LQ D SRSXODWLRQ ZLWK SUHYDOHQFH ��� �L�H� DERXW ��� LQGLYLGXDOV ! �� HJJV���

PO�� ILYH FDVHV ZLWK DW OHDVW RQH QRQ�IXQFWLRQLQJ NLGQH\� 7KLV PHDQV WKDW RQ DYHUDJH �����

× WKH SUHYDOHQFH RI LQGLYLGXDOV ZLWK KHDY\ LQIHFWLRQ LQ D FRPPXQLW\ ZLOO KDYH DW OHDVW RQH
QRQ�IXQFWLRQLQJ NLGQH\�
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9DQ GHU :HUI� 0� -�� %RVRPSHP� .� 0� DQG 'H 9ODV� 6� -� 6FKLVWRVRPLDVLV FRQWURO LQ

*KDQD� FDVH PDQDJHPHQW DQG PHDQV IRU GLDJQRVLV DQG WUHDWPHQW ZLWKLQ WKH KHDOWK V\VWHP�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� LQ SUHVV
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$Q HVVHQWLDO FRPSRQHQW RI LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO DV SURPRWHG E\ :+2 LV

DGHTXDWH FOLQLFDO FDUH IRU SDWLHQWV SUHVHQWLQJ DW KHDOWK FDUH IDFLOLWLHV� :H HYDOXDWHG

IXQFWLRQLQJ RI WKH *KDQDLDQ KHDOWK V\VWHP IRU GLDJQRVLV DQG WUHDWPHQW RI VFKLVWRVRPLDVLV

E\ LQWHUYLHZLQJ KHDOWK ZRUNHUV IURP �� KHDOWK FDUH IDFLOLWLHV LQ IRXU JHRJUDSKLFDO DUHDV�

5HVXOWV IURP SUHVHQWDWLRQ RI � K\SRWKHWLFDO FDVHV DQG D VXEVHTXHQW LQWHUYLHZ

GHPRQVWUDWHG WKDW SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV UHODWHG WR VFKLVWRVRPLDVLV KDYH D

VPDOO FKDQFH RI UHFHLYLQJ DGHTXDWH WUHDWPHQW� RIWHQ KHDOWK ZRUNHUV GR QRW UHFRJQLVH WKH

V\PSWRPV� HVSHFLDOO\ WKRVH RI 6� PDQVRQL� SDWLHQWV DUH IUHTXHQWO\ UHIHUUHG IRU D GLDJQRVWLF

WHVW RU WUHDWPHQW ZLWK D ODUJH ULVN RI QRQ�FRPSOLDQFH� DQG SUD]LTXDQWHO ZDV QRW DYDLODEOH LQ

��� RI WKH KHDOWK FDUH IDFLOLWLHV ZLWK UHSRUWHG VFKLVWRVRPLDVLV LQ WKHLU FRYHUDJH DUHD� 7KH

RYHUDOO FRVW RI WUHDWPHQW LV FRQVLGHUDEOH� ���� (XUR IRU 6� KDHPDWRELXP DQG ���� (XUR IRU 6�

PDQVRQL SDWLHQWV� ZLWK WKH GUXJ WDNLQJ DSSUR[LPDWHO\ ��� RI WKH WRWDO FRVW�

7R EHWWHU PHHW :+2 UHFRPPHQGDWLRQV IRU SDVVLYH FDVH GHWHFWLRQ DV SDUW RI LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO� WKH *KDQDLDQ KHDOWK V\VWHP QHHGV WR HPSKDVLVH WUDLQLQJ RI KHDOWK

ZRUNHUV LQ VFKLVWRVRPLDVLV FDVH UHFRJQLWLRQ DQG FDVH PDQDJHPHQW DQG LQFUHDVH WKH

DYDLODELOLW\ RI SUD]LTXDQWHO� ([SHULHQFHV IURP RWKHU :HVW�$IULFDQ FRXQWULHV LQGLFDWH WKDW

WKLV LV IHDVLEOH�



C H A P T E R  6

��

���������	��

,Q *KDQD� IRFL HQGHPLF IRU 6FKLVWRVRPD KDHPDWRELXP DQG�RU 6� PDQVRQL LQIHFWLRQ DUH NQRZQ

IRU VHYHUDO GHFDGHV �0F&XOORXJK� ����� 0F&XOORXJK DQG $OL� ����� (GLQJWRQ� ����� 2QRUL

HW DO�� ������ 6LQFH WKH FRPSOHWLRQ RI WKH $NRVRPER GDP DFURVV WKH 9ROWD 5LYHU LQ �����

XULQDU\ VFKLVWRVRPLDVLV SUHYDOHQFH LQ *KDQD KDV LQFUHDVHG VWHDGLO\ DORQJ WKH VKRUHV RI WKH

PDQ�PDGH 9ROWD ODNH DQG WKH 9ROWD 5LYHU �6FRWW HW DO�� ����� :HQ DQG &KX� ����� .OXPSS

DQG :HEEH� ������ $OVR� LQ RWKHU SDUWV RI WKH FRXQWU\� FRQVWUXFWLRQ RI GDPV DQG LUULJDWLRQ

IDFLOLWLHV KDYH SURPRWHG WKH VSUHDG RI VFKLVWRVRPLDVLV �6� KDHPDWRELXP DQG 6� PDQVRQL�

�=LMOPDQV HW DO�� ����� $PDQNZD HW DO�� ������ 7KH 9ROWD 5LYHU $XWKRULW\ KDV VWDUWHG D

VFKLVWRVRPLDVLV FRQWURO SURJUDPPH WKDW LQLWLDOO\ XVHG PROOXVFLFLGLQJ WR NLOO WKH

LQWHUPHGLDWH VQDLO KRVWV DQG FRQWURO WKH LQIHFWLRQ� $IWHU WKH GUXJ SUD]LTXDQWHO EHFDPH

DYDLODEOH� WKH WHDP VWDUWHG WR YLVLW DIIHFWHG YLOODJHV WR GHOLYHU PDVV WUHDWPHQW� ,Q RWKHU SDUWV

RI WKH FRXQWU\ QR RIILFLDO FRQWURO SURJUDPPHV H[LVW� VR FRQWURO RI VFKLVWRVRPLDVLV LV

FRQILQHG WR WUHDWPHQW RI FOLQLFDO FDVHV E\ ORFDO KHDOWK ZRUNHUV�

6LQFH ����� WKH PDLQ SULQFLSOH RI VFKLVWRVRPLDVLV FRQWURO UHFRPPHQGHG E\ WKH :RUOG

+HDOWK 2UJDQL]DWLRQ �:+2� LV PRUELGLW\ FRQWURO WKURXJK PHDVXUHV LPSOHPHQWHG LQ WKH

SULPDU\ KHDOWK V\VWHP �:+2� ������ ,W ZDV UHFRJQLVHG WKDW WKH ILUVW HVVHQWLDO FRPSRQHQW

RI LQWHJUDWHG FRQWURO VKRXOG EH DGHTXDWH FOLQLFDO FDUH IRU SDWLHQWV SUHVHQWLQJ DW WKH KHDOWK

FDUH IDFLOLWLHV �SDVVLYH FDVH GHWHFWLRQ� �(QJHOV HW DO�� ������ 7KLV UHTXLUHV DGHTXDWH

NQRZOHGJH RI WKH KHDOWK ZRUNHUV DERXW WKH V\PSWRPV RI WKH LQIHFWLRQ� DYDLODELOLW\ RI

GLDJQRVWLF DQG WKHUDSHXWLF PHDQV� DQG DGHTXDWH SUHVFULSWLRQ RI WUHDWPHQW �SUD]LTXDQWHO��

%\ LQWHUYLHZLQJ PHGLFDO VWDII RI �� KHDOWK FDUH IDFLOLWLHV LQ *KDQD� ZH GHWHUPLQHG WKH

FOLQLFDO FDUH WKDW SDWLHQWV FDQ H[SHFW ZKHQ WKH\ SUHVHQW ZLWK VFKLVWRVRPLDVLV V\PSWRPV� ,Q

SDUWLFXODU� ZH FRPSDUHG WKH IXQFWLRQLQJ RI WKH *KDQDLDQ KHDOWK V\VWHP IRU WKH FRQWURO RI

VFKLVWRVRPLDVLV ZLWK WKH WKUHH PDLQ UHFRPPHQGDWLRQV RI :+2 IRU SDVVLYH FDVH GHWHFWLRQ

�:+2� ������ ��� LI D ODERUDWRU\ LV DYDLODEOH� VHQVLWLYH GLDJQRVWLF WHVWV �H�J� XULQH ILOWUDWLRQ

RU FHQWULIXJDWLRQ IRU 6� KDHPDWRELXP DQG .DWR .DW] IRU 6� PDQVRQL� VKRXOG EH XVHG IRU

GLDJQRVLV� ��� LI GLDJQRVWLF IDFLOLWLHV DUH QRW DYDLODEOH LQ WKH KHDOWK FDUH IDFLOLW\� FDVH

GHWHFWLRQ VKRXOG EH SHUIRUPHG RQ SUHVHQWLQJ V\PSWRPV �V\PSWRP�EDVHG WUHDWPHQW�� DQG

��� V\PSWRPDWLF FDVHV VKRXOG EH WUHDWHG ZLWK SUD]LTXDQWHO DW DOO OHYHOV RI WKH KHDOWK V\VWHP�


�����


*KDQDLDQ KHDOWK V\VWHP

7KH KHDOWK VHUYLFHV LQ *KDQD DUH RUJDQLVHG DFFRUGLQJ WR WKH SULPDU\ KHDOWK FDUH SULQFLSOH

�:+2� ������ 7KH ILUVW OHYHO RI FRQWDFW ZLWK SDWLHQWV LV LQ WKH KHDOWK FHQWUHV� 7KHVH DUH

VWDIIHG ZLWK PHGLFDO DVVLVWDQWV RU QXUVHV KHOSHG E\ RWKHU SHUVRQQHO VXFK DV ZDUG DVVLVWDQWV�

7KHLU PDLQ WDVN LV SURYLGLQJ EDVLF SULPDU\ FDUH WR WKH SRSXODWLRQ LQ WKHLU DUHD� 7KLV

LQFOXGHV SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV RI HDUO\ VFKLVWRVRPLDVLV LQIHFWLRQ� VXFK DV

KDHPDWXULD DQG EORRG LQ VWRRO� &DVHV WKDW FDQ QRW EH KDQGOHG DW KHDOWK FHQWUH OHYHO DUH
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UHIHUUHG WR WKH GLVWULFW KRVSLWDO� ZKLFK LV XQGHU WKH GLUHFWLRQ RI D PHGLFDO GRFWRU� 7KHVH

KRVSLWDOV DUH HTXLSSHG WR JLYH DOO FXUDWLYH DQG SUHYHQWLYH VHUYLFHV DW SULPDU\ FDUH OHYHO�

&RPSOLFDWHG FDVHV �LQFOXGLQJ SDWLHQWV ZLWK ORQJ�WHUP FRQVHTXHQFHV RI VFKLVWRVRPLDVLV�

VXFK DV NLGQH\ IDLOXUH DQG KDHPDWHPHVLV� DUH UHIHUUHG WR WKH UHJLRQDO KRVSLWDOV� 0RVW

GLVWULFWV DOVR KDYH SULYDWH FOLQLFV� PLVVLRQ FOLQLFV DQG�RU PLVVLRQ KRVSLWDOV� 1RUPDOO\�

ODERUDWRU\ GLDJQRVLV FDQ EH SHUIRUPHG DW GLVWULFW� UHJLRQDO DQG PLVVLRQ KRVSLWDOV� 0LVVLRQ

FOLQLFV DQG KRVSLWDOV DUH SDUW RI WKH &KULVWLDQ +HDOWK $VVRFLDWLRQ RI *KDQD �&+$*��

3DWLHQWV FDQ EX\ GUXJV DW WKH KHDOWK V\VWHP EXW DOVR IURP SULYDWH SKDUPDFLHV DQG IURP

GUXJ SHGGOHUV �SHUVRQV ZKR WUDYHO IURP SODFH WR SODFH WR VHOO GUXJV��

7KH *KDQDLDQ 0LQLVWU\ RI +HDOWK LQWURGXFHG WKH 
&DVK DQG &DUU\
 V\VWHP LQ ���� �EDVHG

RQ %DPDNR LQLWLDWLYH� �%LULWZXP� ������ 7KLV UHTXLUHV WKDW SDWLHQWV SD\ IRU UHJLVWUDWLRQ�

GLDJQRVWLF WHVWV DQG GUXJV� 7R LPSURYH ILQDQFLDO DFFHVV� SDXSHUV DUH H[HPSWHG IURP

SD\PHQW� EXW LQ UHDOLW\ WKLV LQYROYHV RQO\ D VPDOO SDUW RI WKH SRSXODWLRQ� 2WKHU H[HPSWLRQV

DUH SDWLHQWV ZLWK WXEHUFXORVLV DQG OHSURV\� SV\FKLDWULF SDWLHQWV� SUHJQDQW ZRPHQ DQG

FKLOGUHQ XQGHU � \HDUV �1\RQDWRU DQG .XW]LQ� ������

6WXG\ DUHD DQG KHDOWK FDUH IDFLOLWLHV

7KH VWXG\ ZDV SHUIRUPHG LQ $SULO DQG 0D\ ����� LQ *KDQD� )RXU JHRJUDSKLFDO DUHDV ZHUH

VHOHFWHG DQG LQ HDFK DUHD WZR RU WKUHH UHSUHVHQWDWLYH GLVWULFWV ZHUH FKRVHQ� 7KH VXUYH\HG

GLVWULFWV ZHUH .DVVHQD�1DQNDQD� %XLOVD DQG :HVW 0DPSUXVL �1RUWK *KDQD�� 1RUWK 7RQJX

DQG 6RXWK 7RQJX �(DVW�� %RVRPWZL .ZDQZRPD DQG $WZLPD �&HQWUH� DQG .UDERD &RDOWDU

�6RXWK� �)LJXUH �����

,Q HDFK GLVWULFW� WKH GLVWULFW KRVSLWDO� RQH PLVVLRQ KRVSLWDO �LI SUHVHQW� DQG D UDQGRP VDPSOH

RI KHDOWK FHQWUHV DQG PLVVLRQ FOLQLFV ZHUH VHOHFWHG� ,I SULYDWH FOLQLFV ZHUH SUHVHQW LQ D

GLVWULFW� RQH ZDV VHOHFWHG� ,Q WRWDO� ZH VHOHFWHG �� KHDOWK FDUH IDFLOLWLHV SHU GLVWULFW� RU DOO

KHDOWK FDUH IDFLOLWLHV LI WKHUH ZHUH HOHYHQ RU OHVV SUHVHQW�

,QWHUYLHZV DQG GDWD FROOHFWLRQ

)RU WKH LQWHUYLHZ ZH XVHG DQ DGDSWHG YHUVLRQ RI D VXFFHVVIXOO\ DSSOLHG TXHVWLRQQDLUH

�WUDQVODWHG LQWR (QJOLVK� GHYHORSHG IRU D FRPSDUDEOH VWXG\ LQ 6HQHJDO �9DQ GHU :HUI HW DO��

����E�� (DFK VHOHFWHG KHDOWK FDUH IDFLOLW\ ZDV YLVLWHG DQG WKH SHUVRQ LQ FKDUJH LQWHUYLHZHG�

,I WKLV SHUVRQ ZDV QRW SUHVHQW� WKH VHFRQG LQ FRPPDQG ZDV LQWHUYLHZHG� :H GLG QRW UHYHDO

WKH VSHFLILF DLP RI RXU VWXG\� HYDOXDWLRQ RI VFKLVWRVRPLDVLV FRQWURO DV SHUIRUPHG E\ WKH

KHDOWK V\VWHP� $IWHU LQWURGXFWLRQ� ZH SUHVHQWHG IRXU K\SRWKHWLFDO FDVHV ZLWK V\PSWRPV

UHODWHG WR 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ LQ UDQGRP RUGHU� �$� �� \HDU ROG JLUO ZLWK

EORRG LQ XULQH� �%� �� \HDU ROG PDQ ZLWK EORRG LQ XULQH DQG SDLQIXO XULQDWLRQ� �&� �� \HDU

ROG ER\ ZLWK DEGRPLQDO GLVFRPIRUW DQG EORRG\ GLDUUKRHD DQG �'� �� \HDU ROG ZRPDQ ZLWK

GLDUUKRHD DQG DEGRPLQDO GLVFRPIRUW� 7KH UHVSRQGHQWV ZHUH UHTXHVWHG WR LPDJLQH WKDW

WKHVH FDVHV YLVLWHG WKHLU KHDOWK FDUH IDFLOLW\ DQG WR H[SODLQ WKHLU XVXDO FDVH PDQDJHPHQW

SROLF\ IRU VXFK SDWLHQWV� 7KHUHDIWHU� ZH UHYHDOHG WKH IRFXV RI RXU VWXG\ DQG FRQWLQXHG E\

DVNLQJ WKH UHVSRQGHQWV WR OLVW V\PSWRPV FDXVHG E\ 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ�
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Figure 6.1: Map of study area in Ghana.

7KHQ ZH DVNHG LI WKHVH LQIHFWLRQV ZHUH SUHVHQW LQ WKHLU FRYHUDJH DUHD� 5HVSRQGHQWV

ZRUNLQJ LQ DUHDV ZLWK UHSRUWHG VFKLVWRVRPLDVLV HQGHPLFLW\ ZHUH DVNHG IXUWKHU TXHVWLRQV

DERXW WKHLU SUDFWLVHV IRU SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV FDXVHG E\ KDHPDWXULD �6�

KDHPDWRELXP LQIHFWLRQ� DQG EORRG LQ VWRRO�EORRG\ GLDUUKRHD �6� PDQVRQL LQIHFWLRQ��

:H FRQFOXGHG WKH LQWHUYLHZ E\ FROOHFWLQJ LQIRUPDWLRQ DERXW WKH VL]H RI WKH SRSXODWLRQ

FRYHUHG DQG QXPEHU RI FXUDWLYH FRQVXOWDWLRQV DQG VFKLVWRVRPLDVLV SDWLHQWV LQ ����� :H

UHFRUGHG WKH DYDLODELOLW\ RI GLDJQRVWLF PDWHULDOV DQG WKH QXPEHU RI SUD]LTXDQWHO WDEOHWV LQ

VWRFN DW WKH WLPH RI WKH LQWHUYLHZ� )LQDOO\� WKH SULFH RI UHJLVWUDWLRQ� GLDJQRVWLF WHVW�

SUD]LTXDQWHO DQG SXEOLF WUDQVSRUW WR WKH QHDUHVW UHIHUUDO FHQWUH ZDV UHFRUGHG� )RU DOO

TXHVWLRQV ZH WULHG WR REWDLQ WKH H[DFW YDOXH� RWKHUZLVH DQ HVWLPDWHG YDOXH ZDV DVNHG IRU�

6RPHWLPHV� LQIRUPDWLRQ ZDV SURYLGHG E\ PDLO RU WHOHSKRQH XS WR D IHZ GD\V DIWHU WKH

LQWHUYLHZ�
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,I WKH UHVSRQGHQW GLG QRW NQRZ VFKLVWRVRPLDVLV RU LI LW ZDV XQNQRZQ ZKHWKHU

VFKLVWRVRPLDVLV ZDV SUHVHQW LQ WKH FRYHUDJH DUHD� WKH GDWD ZHUH DQDO\VHG DV QRW KDYLQJ

VFKLVWRVRPLDVLV LQ WKH FRYHUDJH DUHD� 7KH UHSOLHV JLYHQ E\ GLIIHUHQW SURIHVVLRQDO JURXSV RU

SULPDU\ KHDOWK FDUH OHYHOV ZHUH VWDWLVWLFDOO\ FRPSDUHG XVLQJ WKH &KL�VTXDUH�)LVKHU
V H[DFW

WHVW �6366�� $ S�YDOXH � ���� ZDV FRQVLGHUHG VLJQLILFDQW�

&RVW DQDO\VLV

&DOFXODWLRQ RI WKH DYHUDJH FRVWV RI WUHDWPHQW LV GHVFULEHG E\ 9DQ GHU :HUI HW DO� �����E��

%ULHIO\� FRVWV RI WUHDWPHQW IRU VFKLVWRVRPLDVLV ZHUH FDOFXODWHG E\ DGGLQJ WKH SULFH RI

UHJLVWUDWLRQ� GLDJQRVWLF WHVW DQG WUHDWPHQW ZLWK IRXU SUD]LTXDQWHO WDEOHWV �GRVH IRU DQ

DGXOW�� ,I WKH KHDOWK ZRUNHU UHSRUWV WR UHIHU SDWLHQWV IRU D GLDJQRVWLF WHVW RU IRU EX\LQJ

SUD]LTXDQWHO� ZH XVHG WKH SULFH RI D GLDJQRVWLF WHVW DQG�RU SUD]LTXDQWHO LQ WKH UHIHUUDO

FHQWUH� ,I KHDOWK ZRUNHUV UHIHUUHG WR D KHDOWK FDUH IDFLOLW\ RXWVLGH WKH VWXG\ VDPSOH RU

SULYDWH FOLQLF�SKDUPDF\� ZH XVHG WKH PHDQ FRVWV RI D GLDJQRVWLF WHVW RU SUD]LTXDQWHO LQ

KRVSLWDOV� ,I D GLDJQRVWLF WHVW LV QRW UHTXHVWHG FRVWV DUH QLO� $OVR� LI SDWLHQWV DUH QRW UHIHUUHG

IRU GLDJQRVWLF WHVW RU WUHDWPHQW WUDQVSRUWDWLRQ FRVWV DUH QLO� $OO FRVWV DUH SUHVHQWHG LQ

(XURV� ,Q 0D\�-XQH ����� � (XUR ZDV DSSUR[LPDWHO\ ���� FHGLV �ORFDO FXUUHQF\��

��
���


$ WRWDO RI �� KHDOWK FDUH IDFLOLWLHV ZHUH VXUYH\HG �7DEOH ����� )RUW\�QLQH UHVSRQGHQWV �����

UHSRUWHG SUHVHQFH RI 6� KDHPDWRELXP LQ WKHLU FRYHUDJH DUHD� �� ����� DOVR UHSRUWHG

6� PDQVRQL LQIHFWLRQ� ,Q RXU VWXG\ WKHUH ZHUH QR DUHDV ZLWK RQO\ UHSRUWHG 6� PDQVRQL�

7ZHQW\�RQH SHUFHQW ����� RI WKH KHDOWK ZRUNHUV FRXOG QRW UHFDOO DERXW WKH H[LVWHQFH RI 6�

PDQVRQL� 7ZR RWKHUV ������ GLG QRW NQRZ ZKHWKHU 6� PDQVRQL LQIHFWLRQ H[LVWHG LQ WKHLU

FRYHUDJH DUHD� ZKLOVW RQH UHVSRQGHQW ������ GLG QRW NQRZ DERXW WKH SUHVHQFH RI 6�

KDHPDWRELXP LQIHFWLRQ LQ WKH FRYHUDJH DUHD RI WKH KHDOWK FDUH IDFLOLW\�

Table 6.1: Characteristics of the 70 visited health care facilities (HCF) surveyed in Ghana.

No. of HCF reporting presence of
schistosomiasis in its coverage area (%)

Health care
facility

No. Population covered by
HCF in thousands,

median (range)*

No. of consultations
1999 in thousands,

median (range)**

S. haematobium S. mansoni

District hospital 9 110 (54−234) 16.4 (1.8−35) 8 (89) 3 (33)

Mission hospital 3 163 (128−200) 49 (18−63) 3 (100)  3 (100)

Health centre 45 15 (0.8−69) 2.2 (0.2−28) 26 (58) 4 (9)

Mission clinic 8 13 (7.9−26) 1.4 (0.6−32) 7 (88) 1 (13)

Private clinic 5 43 (8.0−156) 3.6 (1.0−25) 5 (100) 1 (20)

Total 70 49 (70) 12 (17)
* Population figures of one mission hospital and one health centre were not available and two private clinics did

not indicate a specified population.
** Four health centres and 1 mission clinic did not practice the whole year of 1999 and were therefore not included

in 'Number of consultations in 1999'.
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0RVW KRVSLWDOV HPSOR\HG DW OHDVW RQH PHGLFDO GRFWRU DQG�RU PHGLFDO DVVLVWDQW �7DEOH �����

+HDOWK FHQWUHV DQG PLVVLRQ FOLQLFV ZHUH PDLQO\ VWDIIHG E\ QXUVHV� 7KH EHGV LQ KHDOWK

FHQWUHV DQG SULYDWH FOLQLFV ZHUH RQO\ XVHG IRU VKRUW�WHUP REVHUYDWLRQ� /DERUDWRULHV ZHUH LQ

SRVVHVVLRQ RI DOO QHFHVVDU\ HTXLSPHQW IRU SHUIRUPLQJ XULQH FHQWULIXJDWLRQ �PLFURVFRSH�

WXEHV� JODVV�VOLGHV DQG FHQWULIXJH� DQG GLUHFW VPHDU WHVWV �PLFURVFRSH DQG JODVV�VOLGHV�� 7KH

.DWR�.DW] WHVW ZDV QRW XVHG IRU WKH GLDJQRVLV RI 6� PDQVRQL LQ WKH YLVLWHG KHDOWK FDUH

IDFLOLWLHV DQG WKH QHFHVVDU\ PDWHULDOV ZHUH QRW DYDLODEOH� 2QO\ �� KHDOWK FDUH IDFLOLWLHV RI ��

ZLWK UHSRUWHG VFKLVWRVRPLDVLV LQ WKH FRYHUDJH DUHD KDG SUD]LTXDQWHO DYDLODEOH DW WKH WLPH RI

WKH LQWHUYLHZ� 7KH UHPDLQGHU UHIHUUHG WR DQRWKHU KHDOWK FDUH IDFLOLW\ RU SULYDWH SKDUPDF\�

+RZHYHU� RXW RI � SULYDWH SKDUPDFLHV LQ VFKLVWRVRPLDVLV HQGHPLF DUHDV YLVLWHG GXULQJ WKH

VXUYH\� QRQH KDG SUD]LTXDQWHO DYDLODEOH �QRW LQ WDEOH��

Table 6.2: Availability of personnel and equipment in 49 Ghanaian health care facilities with reported
schistosomiasis in their coverage area.

Personnel/equipment No. of health care facilities with different personnel and equipment

Hospital (n=11) Health centre and mission
clinic (n=33)

Private clinic (n=5)

Doctors, median (range) 1 (0−6) 0 (0−1) 0 (0−1)

Medical assistants, median (range) 1 (0−2) 0 (0−2) 0 (0−2)

Nurses, median (range) 16 (8−67) 4 (1−11) 1 (1−3)

Beds, median (range) 54 (8−220) 4 (0−21) 2 (0−10)

Laboratory 10 (91%) 1 (3%)* 2 (40%)

Praziquantel 6 (55%) 4 (12%) 1 (20%)

* Two health centres did have a laboratory, but the laboratory was not functioning because of absence of the

 laboratory technician

8ULQDU\ VFKLVWRVRPLDVLV ZDV PHQWLRQHG DV LQLWLDO GLDJQRVLV IRU K\SRWKHWLFDO FDVHV $ DQG %

E\ WKH PDMRULW\ RI WKH UHVSRQGHQWV LQ DUHDV UHSRUWHG WR EH HQGHPLF IRU 6� KDHPDWRELXP

�7DEOH ����� ,Q FRQWUDVW� FDVHV & DQG ' ZHUH KDUGO\ HYHU JLYHQ WKH LQLWLDO GLDJQRVLV RI

�LQWHVWLQDO� VFKLVWRVRPLDVLV� ,I WKH � FDVHV ZRXOG UHDOO\ FRQFHUQ VFKLVWRVRPLDVLV SDWLHQWV� ZH

FDQ FRQFOXGH WKDW WKH XOWLPDWH SUREDELOLW\ RI SUHVFULSWLRQ RI SUD]LTXDQWHO ZLWKRXW UHIHUUDO

ZDV RQO\ ���� ���� ��� DQG ���� UHVSHFWLYHO\� )RU FDVHV & DQG '� SUD]LTXDQWHO ZDV RQO\

SUHVFULEHG DIWHU D SRVLWLYH GLDJQRVWLF WHVW� IRU $ DQG %� RQH�WKLUG ZRXOG UHFHLYH

SUD]LTXDQWHO WUHDWPHQW GLUHFWO\�

1LQHW\�VL[ SHUFHQW RI WKH KHDOWK FDUH ZRUNHUV UHSRUWHG KDHPDWXULD� WKH PDLQ SUHVHQWLQJ

V\PSWRP RI 6� KDHPDWRELXP LQIHFWLRQ� ZKHQ DVNHG WR PHQWLRQ V\PSWRPV UHODWHG WR 6�

KDHPDWRELXP LQIHFWLRQ �)LJXUH ���D�� 6\PSWRPV OHVV FRPPRQO\ RU QRW DVVRFLDWHG WR

LQIHFWLRQ ZLWK 6� KDHPDWRELXP ZHUH DOVR PHQWLRQHG �H�J� IHYHU� ORVV RI DSSHWLWH�� 7KHUH ZDV

QR VLJQLILFDQW GLIIHUHQFH LQ �WKH TXDOLW\ RI� WKH DQVZHUV JLYHQ E\ GRFWRUV DQG RWKHU KHDOWK

ZRUNHUV� 7KHUH ZDV DOVR QR GLIIHUHQFH LQ DQVZHUV JLYHQ E\ KHDOWK ZRUNHUV IURP DUHDV ZLWK

UHSRUWHG 6� KDHPDWRELXP DQG DUHDV ZLWKRXW UHSRUWHG 6� KDHPDWRELXP� (LJKW\ SHUFHQW RI WKH
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Table 6.3: Diagnosis and treatment strategy for 4 hypothetical cases in health care facilities with reported
S. haematobium or S. mansoni in their coverage area.

Diagnosis and action       S. haematobium (n=49) S. mansoni (n=12)

Case A* (%) Case B* (%) Case C* (%) Case D* (%)

Initial diagnosis schistosomiasis 45 (92) 31 (63) 2 (17) 0 (0)

Action

Direct prescription of praziquantel 8 (16) 5 (10) 0 (0) 0 (0)

Prescription of praziquantel if schistosome eggs
found in diagnostic test#

13 (27) 13 (27) 7 (58) 8 (67)

Prescription of other drug& 8 (16) 14 (28) 5 (42) 4 (33)

Referred for diagnosis and/or treatment 20 (41) 17 (35) 0 (0) 0 (0)
* Hypothetical cases were: 10 year old girl with blood in urine (Case A); 40 year old man with blood in urine and

painful urination (Case B); 10 year old boy with abdominal discomfort and bloody diarrhoea (Case C); and 30

year old woman with diarrhoea and abdominal discomfort (Case D).
# Diagnostic test for S. haematobium is urine centrifugation test and diagnostic test for S. mansoni is direct smear

 test
& Mainly antibiotics, metrifonate, metronidazole and ORS

UHVSRQGHQWV ZRUNLQJ LQ HQGHPLF DUHDV UHTXHVWHG D GLDJQRVWLF WHVW WR FRQILUP WKH

V\PSWRPDWLF GLDJQRVLV IRU SDWLHQWV VXVSHFWHG RI 6� KDHPDWRELXP LQIHFWLRQ WKDW SUHVHQWHG

ZLWK KDHPDWXULD �7DEOH ����� )RXUWHHQ ����� KHDOWK ZRUNHUV SUHVFULEHG WKH WUHDWPHQW

UHFRPPHQGHG E\ :+2 ��� PJ SUD]LTXDQWHO SHU NLORJUDP ERG\ZHLJKW�� �� �����

SUHVFULEHG RWKHU GRVDJHV RI SUD]LTXDQWHO �� KHDOWK ZRUNHU SUHVFULEHG �� PJ SHU NLORJUDP

ERG\ZHLJKW� � SUHVFULEHG �� PJ SHU NLORJUDP ERG\ZHLJKW DQG � GLG QRW SUHVFULEH SHU

NLORJUDP ERG\ZHLJKW�� � ���� SUHVFULEHG PHWULIRQDWH DQG � ���� SUHVFULEHG RWKHU GUXJV

IRU WUHDWPHQW RI 6� KDHPDWRELXP �DQWLELRWLFV RU PHWURQLGD]ROH�� 2I WKH � ����� KHDOWK

ZRUNHUV ZKR SHUIRUPHG V\PSWRP�EDVHG WUHDWPHQW� � ����� SUHVFULEHG SUD]LTXDQWHO DQG �

����� RI WKHP KDG LW LQ VWRFN DW WKH WLPH RI LQWHUYLHZ�

7KH PDLQ SUHVHQWLQJ V\PSWRP RI HDUO\ 6� PDQVRQL LQIHFWLRQ� EORRG\ GLDUUKRHD RU EORRG LQ

VWRRO� ZDV PHQWLRQHG E\ ��� RI WKH UHVSRQGHQWV �)LJXUH ���E�� 6\PSWRPV RFFXUULQJ LQ WKH

DGYDQFHG VWDJH RI WKH LQIHFWLRQ VXFK DV DVFLWHV DQG KDHPDWHPHVLV ZHUH QRW PHQWLRQHG DW

DOO� 2IWHQ� V\PSWRPV OHVV FRPPRQO\ DVVRFLDWHG ZLWK 6� PDQVRQL LQIHFWLRQ ZHUH PHQWLRQHG

�L�H� LWFKLQJ� IHYHU DQG QDXVHD�� 7KH V\PSWRPV EORRG LQ VWRRO DQG DEGRPLQDO GLVFRPIRUW

ZHUH PRUH IUHTXHQWO\ PHQWLRQHG E\ GRFWRUV FRPSDUHG WR RWKHU KHDOWK ZRUNHUV �S�YDOXH

UHVSHFWLYHO\ ����� DQG ������� $OO GRFWRUV FRXOG PHQWLRQ DW OHDVW RQH V\PSWRP UHODWHG WR

6� PDQVRQL LQIHFWLRQ� ZKHUHDV RI WKH RWKHU KHDOWK FDUH ZRUNHUV ��� GLG QRW NQRZ 6� PDQVRQL

DQG ��� FRXOG QRW PHQWLRQ D V\PSWRP� +HDOWK ZRUNHUV WKDW UHSRUWHG 6� PDQVRQL LQIHFWLRQ

LQ WKHLU FRYHUDJH DUHD PRUH RIWHQ UHSRUWHG WKH V\PSWRPV EORRG LQ VWRRO� DEGRPLQDO

GLVFRPIRUW DQG GLDUUKRHD �S�YDOXH UHVSHFWLYHO\ ������ ����� DQG ������ FRPSDUHG WR KHDOWK

ZRUNHUV WKDW UHSRUWHG QR 6� PDQVRQL LQ WKHLU FRYHUDJH DUHD� )RU SDWLHQWV VXVSHFWHG RI 6�

PDQVRQL LQIHFWLRQ DQG UHSRUWLQJ ZLWK EORRG LQ VWRRO�EORRG\ GLDUUKRHD� ��� RI WKH

UHVSRQGHQWV IURP DUHDV ZLWK UHSRUWHG 6� PDQVRQL LQIHFWLRQ ZRXOG UHTXHVW D GLDJQRVWLF WHVW

WR FRQILUP WKH V\PSWRPDWLF GLDJQRVLV �7DEOH ����� 6HYHQ ����� KHDOWK FDUH IDFLOLWLHV ZLWK
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Table 6.4: Management of patients suspected of schistosomiasis and reporting with haematuria or blood
in stool/bloody diarrhoea in Ghanaian health care facilities in areas where respectively S. haematobium
(n = 49) or S. mansoni (n = 12) is reported to be present.

Case management and treatment No. of health care facilities performing different case
management (%)

Hospital Health centre &
mission clinic

Private clinic

Haematuria (for S. haematobium)

Symptom not mentioned 0 (0) 1 (3) 0 (0)

Symptom-based treatment with praziquantel 0 (0) 6 (18) 0 (0)

Symptom-based treatment with other drug* 0 (0) 2 (6) 1 (20)

Diagnosis by urine centrifugation, if positive** praziquantel 10 (91) 1 (3) 1 (20)
Diagnosis by urine centrifugation, if positive** other drug# 0 (0) 0 (0) 2 (40)

Referral for diagnostic test, if positive** praziquantel 0 (0) 7 (21) 1 (20)

Referral for diagnostic test and treatment 1 (9) 16  (48) 0 (0)

Total 11 (100) 33 (100) 5 (100)

Blood in stool and bloody diarrhoea (for S. mansoni)

Symptom not mentioned 2 (33) 0 (0) 0 (0)

Symptom-based treatment with praziquantel 0 (0) 1 (20) 1 (100)

Diagnosis by direct smear, if positive** praziquantel 4 (67) 1 (20) 0 (0)

Referral for diagnostic test, if positive** praziquantel 0 (0) 2 (40) 0 (0)

Referral for diagnostic test and treatment 0 (0) 1 (20) 0 (0)

Total 6 (100) 5 (100) 1 (100)
* antibiotics, metronidazole and metrifonate
** positive for diagnosis means S. haematobium eggs detected in urine sample or S. mansoni eggs detected in

stool sample
# metrifonate and antibiotics
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Schistosoma haematobium Schistosoma mansoni(a) (b)

Figure 6.2: Symptoms mentioned by respondents (n=70) to be related to S. haematobium (a) and
S. mansoni (b) infection. Respondents were requested to mention as many symptoms related to

schistosomiasis as possible. Fifteen health workers did not know S. mansoni infection and 18 could not mention a

symptom caused by S. mansoni infection. Urinary freq. is urinary frequency. Abdominal disc. is abdominal
discomfort. "Other" refers to symptoms less commonly associated with schistosomiasis. In order of importance,
these were fever, problems with urinating, sexual weakness, female infertility, loss of weight and loss of appetite

for S. haematobium, and mucous in stool, fever, nausea, vomiting, colic, losing weight, itching, itching in anal
region, constipation, haematuria, dark stool, waist pain, bloated abdomen, looking weak and loss of appetite for
S. mansoni.
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UHSRUWHG 6� PDQVRQL LQ WKH DUHD SUHVFULEHG WKH UHFRPPHQGHG WUHDWPHQW� 2QH ���� KHDOWK

ZRUNHU SUHVFULEHG SUD]LTXDQWHO DW �� PJ SHU NLORJUDP ERG\ZHLJKW� DQG � ����� SUHVFULEHG

�� PJ SHU NLORJUDP ERG\ZHLJKW DQG RQH ���� UHIHUUHG WR DQRWKHU KHDOWK FDUH IDFLOLW\ IRU

WUHDWPHQW� 6\PSWRP�EDVHG WUHDWPHQW IRU SDWLHQWV SUHVHQWLQJ ZLWK WKH PDLQ V\PSWRP RI

6� PDQVRQL LQIHFWLRQ ZDV SHUIRUPHG LQ � ����� KHDOWK FDUH IDFLOLWLHV� 2QH RI WKH WZR� D

SULYDWH FOLQLF� UHDOO\ KDG SUD]LTXDQWHO LQ VWRFN�

5HJLVWUDWLRQ FRVWV ZHUH KLJKHU LQ KRVSLWDOV DQG SULYDWH FOLQLFV FRPSDUHG WR KHDOWK FHQWUHV

DQG PLVVLRQ FOLQLFV �$QRYD� S  ������� 7DEOH ����

Table 6.5: Mean costs of registration, diagnostic test and treatment in different types of health care
facilities in Euro.

Itemized services Cost in different health care facilities

Hospital Health centre and
mission clinic

Private clinic All

S. haematobium reported in area* 11 30 2 43

Registration 0.49 0.29 0.75 0.36

Urine centrifugation 0.48 0.32 0.36 0.37#

4 praziquantel tablets 0.87 0.78 1.05 0.82

Transportation to other HCF 0.18 0.76 0.20 0.59&

Total costs 2.02 2.16 2.37 2.13

S. mansoni reported in area 6 5 1 11

Registration 0.47 0.27 0.50 0.39

Direct smear 0.42 0.20 0.00 0.29#

4 praziquantel tablets 0.73 0.89 1.20 0.84
Transportation to other HCF 0.05 0.65 0.00 0.30&

Total costs 1.67 2.01 1.70 1.81
* 1 health centre, 2 mission clinics and 3 private clinics did not prescribe praziquantel for treatment of

S. haematobium and were excluded for the calculation
# If a diagnostic test was not requested its cost was nil. The average costs of a diagnostic test in health care

 facilities where test is requested is 0.40 Euro for S. haematobium and 0.35 Euro for S. mansoni
& If a patient is not referred the transportation costs are nil. The average transportation cost for patients that are

referred are 0.80 Euro for S. haematobium patients and 0.89 Euro for S. mansoni patients

0HDQ SULFH IRU D XULQH FHQWULIXJDWLRQ WHVW LV ���� (XUR �UDQJH ����−������ 3DWLHQWV YLVLWLQJ
KHDOWK FHQWUHV RU PLVVLRQ FOLQLFV SDLG OHVV IRU D GLDJQRVWLF WHVW FRPSDUHG WR SDWLHQWV YLVLWLQJ

KRVSLWDOV RU SULYDWH FOLQLFV �$QRYD� S ������� )RU GLDJQRVLV RI 6� PDQVRQL LQIHFWLRQ E\

GLUHFW VPHDU WHVW WKH PHDQ SULFH LV ���� �UDQJH ����−������ 3ULFHV IRU GLDJQRVWLF WHVWV LQ WKH
GLIIHUHQW W\SHV RI KHDOWK FDUH IDFLOLWLHV ZHUH VLPLODU� $V PRVW KHDOWK ZRUNHUV UHIHUUHG WKHLU

SDWLHQWV WR D KRVSLWDO RU SULYDWH SKDUPDF\ IRU WUHDWPHQW� FRPSDULVRQ EHWZHHQ SULFHV IRU

WUHDWPHQW LQ GLIIHUHQW KHDOWK FDUH IDFLOLWLHV ZDV QRW SRVVLEOH� &RVWV RI DGGLWLRQDO

WUDQVSRUWDWLRQ DUH VXEVWDQWLDO IRU SDWLHQWV YLVLWLQJ KHDOWK FHQWUHV DQG PLVVLRQ FOLQLFV

EHFDXVH WKHVH IDFLOLWLHV IUHTXHQWO\ UHIHU SDWLHQWV IRU GLDJQRVWLF WHVWV DQG�RU WUHDWPHQW� 7KH

WRWDO FRVWV IRU WUHDWPHQW RI 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ ZDV FRPSDUDEOH EHWZHHQ

KRVSLWDOV� KHDOWK FHQWUHV DQG PLVVLRQ FOLQLFV� DQG SULYDWH FOLQLFV ZLWK WUHDWPHQW WDNLQJ

DERXW ��� RI RYHUDOO FRVWV�
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7R PHHW :+2 UHFRPPHQGDWLRQV IRU LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO ZRXOG UHTXLUH

VHYHUDO DOWHUDWLRQV ZLWKLQ WKH *KDQDLDQ KHDOWK V\VWHP� ,Q FOLQLFV DQG KRVSLWDOV ZLWK

GLDJQRVWLF IDFLOLWLHV� :+2 UHFRPPHQGV FDVH GHWHFWLRQ E\ VHQVLWLYH GLDJQRVWLF WHVWV

�:+2�UHFRPPHQGDWLRQ ��� ,Q RXU VDPSOH� RQO\ �� ����� KHDOWK FDUH IDFLOLWLHV KDG D

ODERUDWRU\ DYDLODEOH DQG ZHUH FDSDEOH RI SHUIRUPLQJ D ODERUDWRU\ WHVW WR GLDJQRVH 6�

KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ� 7KHVH ODERUDWRULHV DOO XVHG WKH XULQH FHQWULIXJDWLRQ WHVW

IRU GLDJQRVLQJ 6� KDHPDWRELXP LQIHFWLRQ DQG WKH GLUHFW IDHFDO VPHDU WHVW IRU 6� PDQVRQL� 7KH

XVH RI WKLV VLPSOH EXW LQVHQVLWLYH GLDJQRVWLF WHFKQLTXH IRU 6� PDQVRQL ZLOO FHUWDLQO\ OHDYH

VRPH SDWLHQWV XQGLDJQRVHG�

,Q KHDOWK FDUH IDFLOLWLHV ZLWKRXW GLDJQRVWLF IDFLOLWLHV WKH LGHQWLILFDWLRQ RI SDWLHQWV VKRXOG

SUHIHUDEO\ EH V\PSWRP�EDVHG �:+2�UHFRPPHQGDWLRQ ��� 2QH HVVHQWLDO UHTXLUHPHQW IRU

DGHTXDWH FDVH GHWHFWLRQ LV NQRZOHGJH RI WKH PDLQ SUHVHQWLQJ V\PSWRPV RI VFKLVWRVRPLDVLV�

ZKLFK ZDV VXIILFLHQW IRU 6� KDHPDWRELXP EXW OLPLWHG IRU 6� PDQVRQL ���� PHQWLRQHG EORRG LQ

VWRRO�� +\SRWKHWLFDO FDVHV & DQG ' FRQILUPHG WKDW SDWLHQWV ZLWK V\PSWRPV UHODWHG WR

LQWHVWLQDO VFKLVWRVRPLDVLV KDYH OLWWOH FKDQFH RI EHLQJ LGHQWLILHG DV VXFK� %RWK EORRG LQ VWRRO

DQG DEGRPLQDO SDLQ ZHUH IUHTXHQWO\ LQWHUSUHWHG DV FRPLQJ IURP DPRHELDVLV� IRRG

SRLVRQLQJ RU EDFWHULDO RU SDUDVLWLF LQWHVWLQDO LQIHFWLRQ� 7KHUHIRUH� ZH FRQFOXGH WKDW SDVVLYH

FDVH GHWHFWLRQ IRU 6� PDQVRQL UHTXLUHV D PRUH VSHFLILF FOLQLFDO DOJRULWKP WR GLVWLQJXLVK

EHWZHHQ VFKLVWRVRPLDVLV SDWLHQWV DQG RWKHU GLVHDVHV� ,Q FDVH RI QR GLDJQRVWLF IDFLOLWLHV�

PRVW FOLQLFV UHIHUUHG WKHLU SDWLHQWV WR DQRWKHU KHDOWK FDUH IDFLOLW\ IRU D WHVW� 7KLV UHVXOWV LQ

H[WUD FRVWV IRU WKH SDWLHQW DQG D KLJK ULVN RI QRQ�FRPSOLDQFH�

,Q RXU VDPSOH� PRVW KHDOWK ZRUNHUV UHSRUWHG WR SUHVFULEH SUD]LTXDQWHO WR SDWLHQWV

LGHQWLILHG E\ V\PSWRPV RU GLDJQRVWLF WHVW �:+2�UHFRPPHQGDWLRQ ��� $V RQO\ �� RXW RI

�� KHDOWK FDUH IDFLOLWLHV KDG WKH GUXJ LQ VWRFN DW WKH WLPH RI WKH LQWHUYLHZ PRVW KDG WR UHIHU

WKHLU SDWLHQWV WR DQRWKHU KHDOWK FDUH IDFLOLW\ RU SULYDWH SKDUPDF\ IRU EX\LQJ GUXJV� DJDLQ

HQWDLOLQJ D ULVN RI QRQ�FRPSOLDQFH� :H UHDOLVH WKDW WKH UHSRUWHG DFWLRQV PLJKW QRW IXOO\

FRUUHVSRQG ZLWK UHDO DFWLRQV �5XVVHOO HW DO�� ����� .RSHORZ HW DO�� ������ +RZHYHU� LW LV

HQFRXUDJLQJ WKDW WKH UHVXOWV DERXW FDVH PDQDJHPHQW IURP WKH TXHVWLRQQDLUH DQG WKH

K\SRWKHWLFDO FDVHV DUH FRPSDUDEOH�

+HDOWK ZRUNHUV WKDW UHSRUWHG QRW WR KDYH VFKLVWRVRPLDVLV LQ WKHLU FRYHUDJH DUHD ZHUH QRW

TXHVWLRQHG DERXW WKHLU PDQDJHPHQW RI SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV RI VFKLVWRVRPH

LQIHFWLRQ EHFDXVH LW ZDV FRQVLGHUHG OLNHO\ WKDW WKH\ ZRXOG QHYHU VXVSHFW D SDWLHQW RI

VFKLVWRVRPLDVLV DQG WKHUHIRUH QHYHU SUHVFULEH DGHTXDWH WUHDWPHQW� 'DWD IURP ODERUDWRULHV

LQ WKH YLVLWHG UHJLRQV VXJJHVW WKDW 6� KDHPDWRELXP LV HQGHPLF LQ .UDERD &RDOWDU GLVWULFW LQ

(DVWHUQ 5HJLRQ DQG %RVRPWZL .ZDQZRPD GLVWULFW LQ $VKDQWL UHJLRQ DQG ERWK 6�

KDHPDWRELXP DQG 6� PDQVRQL DUH HQGHPLF LQ WKH RWKHU YLVLWHG GLVWULFWV� 7KHUH DUH LQGLFDWLRQV

WKDW HVSHFLDOO\ WKH SUHVHQFH RI 6� PDQVRQL LQIHFWLRQ LV QRW NQRZQ E\ PDQ\ KHDOWK ZRUNHUV

�$� 'DQVR�$SSLDK� SHUVRQDO FRPPXQLFDWLRQ�� 7KHUHIRUH� D QXPEHU RI KHDOWK ZRUNHUV QRW

TXHVWLRQHG DERXW WKHLU PDQDJHPHQW RI VFKLVWRVRPH SDWLHQWV PD\ KDYH VFKLVWRVRPH
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SDWLHQWV SUHVHQWLQJ DW WKHLU KHDOWK FDUH IDFLOLW\� EXW WKH\ ZLOO PRVW OLNHO\ QHYHU UHFHLYH

DGHTXDWH WUHDWPHQW�

7KH ODUJHVW SDUW RI WKH FRVW IRU WUHDWPHQW RI VFKLVWRVRPLDVLV LV GXH WR SUD]LTXDQWHO DQG

H[WUD WUDQVSRUWDWLRQ DIWHU UHIHUUDO� ,QWURGXFWLRQ RI V\PSWRP�EDVHG WUHDWPHQW RU ZLGHU

DYDLODELOLW\ RI SUD]LTXDQWHO ZLOO UHGXFH WKH FRVWV IRU WUDQVSRUWDWLRQ� $ UHGXFWLRQ LQ WKH SULFH

RI SUD]LTXDQWHO ZLOO DOVR KHOS WR LQFUHDVH WKH ILQDQFLDO DFFHVVLELOLW\ RI WUHDWPHQW� ,Q *KDQD�

WKH *URVV 1DWLRQDO 3URGXFW SHU FDSLWD LQ ���� ZDV 86' ��� �RQH 86' HTXDOOHG � (XUR LQ

0D\ ����� �KWWS���GHYGDWD�ZRUOGEDQN�RUJ�H[WHUQDO� ������������ )RU IDPLOLHV ZKR OLYH LQ

UHODWLYHO\ SRRU UXUDO DUHDV ZKHUH VFKLVWRVRPLDVLV LV HQGHPLF� LW PD\ QRW EH IHDVLEOH WR

VSHQG DSSUR[LPDWHO\ ���� (XUR IRU WUHDWPHQW RI VFKLVWRVRPLDVLV� HVSHFLDOO\ EHFDXVH RWKHU

�PRUH VHULRXV� GLVHDVHV VXFK DV PDODULD ZLOO DOVR UHTXLUH PHGLFDO H[SHQGLWXUH�

,Q FRQFOXVLRQ� PDQ\ SDWLHQWV ZLWK V\PSWRPV RI �HDUO\� VFKLVWRVRPH LQIHFWLRQ WKDW YLVLW

KHDOWK FDUH IDFLOLWLHV LQ *KDQD ZLOO QRW EH LGHQWLILHG DV VXFK� HVSHFLDOO\ ZKHQ KDYLQJ

V\PSWRPV UHODWHG WR 6� PDQVRQL LQIHFWLRQ� 0RVW KHDOWK ZRUNHUV UHTXHVW D GLDJQRVWLF WHVW

�RIWHQ ZLWK OLPLWHG VHQVLWLYLW\�� ZKLFK GRHV QRW FRQIRUP WR :+2 UHFRPPHQGDWLRQV IRU

LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO� $ IHZ KHDOWK ZRUNHUV SHUIRUP V\PSWRP�EDVHG

WUHDWPHQW DQG DOVR KDYH SUD]LTXDQWHO LQ VWRFN� )URP WKH FXUUHQW VWXG\ LW LV FOHDU WKDW IRU

WKH 0LQLVWU\ RI +HDOWK LQ *KDQD WR SURFHHG ZLWK SROLF\ WR LQWHJUDWH VFKLVWRVRPLDVLV

FRQWURO� VHYHUDO FKDOOHQJHV KDYH WR EH DGGUHVVHG� )ROORZLQJ D VLPLODU VWXG\ LQ 1RUWKHUQ

6HQHJDO �9DQ GHU :HUI HW DO�� ����E�� LW SURYHG SRVVLEOH WR UHDFK KLJK OHYHOV RI V\PSWRP�

EDVHG WUHDWPHQW DQG DYDLODELOLW\ RI SUD]LTXDQWHO DV D UHVXOW RI VSHFLDO LQWHUYHQWLRQV

LQFOXGLQJ WUDLQLQJ RI VWDII DQG LPSURYHPHQW LQ WKH GLVVHPLQDWLRQ RI SUD]LTXDQWHO� $OVR LQ

0DOL� ZKHUH HPSKDVLV RQ LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO KDV H[LVWHG IRU PDQ\ \HDUV� WKH

UHVXOWV DUH SURPLVLQJ �$� /DQGRXUp� SHUVRQDO FRPPXQLFDWLRQ�� )RU *KDQD� ZLGHU

DYDLODELOLW\ RI SUD]LTXDQWHO LQ HQGHPLF DUHDV DQG WUDLQLQJ RI VWDII WR LPSURYH FDVH

UHFRJQLWLRQ DV ZHOO DV FDVH PDQDJHPHQW DUH WKH PRVW LPSRUWDQW UHTXLUHPHQWV�

���������������


:H JUDWHIXOO\ DFNQRZOHGJH WKH KHDOWK ZRUNHUV IURP WKH GLVWULFWV .DVHQD�1DQNDQD� %XLOVD�

:HVW 0DPSUXVL� 1RUWK 7RQJX� 6RXWK 7RQJX� %RVRPWZL .ZDQZRPD� $WZLPD� DQG

.UDERD &RDOWDU ZKR SDUWLFLSDWHG LQ WKH VWXG\ DQG -� 2WFKHUH� -�5�.� $VLJEHH DQG (�

$VLHGX�2SDUH ZKR DVVLVWHG ZLWK WKH ILHOG ZRUN� :H DOVR WKDQN 3URI 'U -�'�)� +DEEHPD

IRU FULWLFDO FRPPHQWV DQG 3URI '� 2IRUL�$GMHL �'LUHFWRU� 10,05� DQG 'U 6DP =� %XJUL

�'LUHFWRU RI 3XEOLF +HDOWK 'LYLVLRQ� IURP WKH 0LQLVWU\ RI +HDOWK LQ *KDQD IRU WKHLU NLQG

FR�RSHUDWLRQ�

7KH ILHOG ZRUN ZDV VXSSRUWHG E\ WKH )RXQGDWLRQ 
9HUHQLJLQJ 7UXVWIRQGV (UDVPXV

8QLYHUVLWHLW 5RWWHUGDP
 LQ 7KH 1HWKHUODQGV� 7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH

0DVWHUV RI 3XEOLF +HDOWK SURJUDP RI WKH 1HWKHUODQGV 6FKRRO RI 3XEOLF +HDOWK DQG DV SDUW

RI WKH PXOWLGLVFLSOLQDU\ SURJUDPPH �0RGHO�EDVHG GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV
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FRQWURO LQ *KDQD� 0DOL� 1LJHU DQG 6HQHJDO� IXQGHG E\ 7KH 1HWKHUODQGV )RXQGDWLRQ IRU WKH

$GYDQFHPHQW RI 7URSLFDO 5HVHDUFK �:2752��
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/DQGRXUp� $�� 9DQ GHU :HUI� 0� -�� 7UDRUp� 0� DQG 'H 9ODV� 6� -� (YDOXDWLRQ RI FDVH

PDQDJHPHQW LQ WKH LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO SURJUDPPH LQ 0DOL� 6XEPLWWHG
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&XUUHQWO\� VFKLVWRVRPLDVLV FRQWURO LQ 0DOL LV PDLQO\ EDVHG RQ WUHDWPHQW ZLWK SUD]LTXDQWHO�

7KH SROLF\ LV WR HQVXUH WUHDWPHQW RI VFKRRO�DJHG FKLOGUHQ HYHU\ WKUHH \HDUV LQ DOO DUHDV

ZKHUH WKH SUHYDOHQFH RI KDHPDWXULD LQ WKLV DJH JURXS LV DERYH ���� DQG D SURSHU

PDQDJHPHQW RI DOO SDWLHQWV SUHVHQWLQJ ZLWK KDHPDWXULD RU �EORRG\� GLDUUKRHD DW KHDOWK

FHQWUHV� :H HYDOXDWHG WKH DSSOLFDWLRQ RI FDVH PDQDJHPHQW E\ YLVLWLQJ �� KHDOWK FDUH

IDFLOLWLHV LQ IRXU JHRJUDSKLFDO DUHDV DQG LQWHUYLHZLQJ WKH KHDOWK ZRUNHUV RI WKH IDFLOLWLHV�

6FKLVWRVRPD KDHPDWRELXP ZDV UHSRUWHG WR EH SUHVHQW LQ WKH FRYHUDJH DUHD RI ��� DQG 6�

PDQVRQL LQ ��� RI WKH KHDOWK FDUH IDFLOLWLHV�

3DWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV UHODWHG WR VFKLVWRVRPH LQIHFWLRQ DUH YHU\ OLNHO\ WR

UHFHLYH DGHTXDWH WUHDWPHQW� HVS� IRU KDHPDWXULD FDXVHG E\ 6� KDHPDWRELXP �§ ����� 0RVW

KHDOWK ZRUNHUV DSSHDUHG WR NQRZ WKH PDLQ V\PSWRPV FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ� $W

KHDOWK FHQWUH OHYHO SDWLHQWV ZHUH RIWHQ GLUHFWO\ WUHDWHG ZLWK SUD]LTXDQWHO �3=4�� ZKHUHDV LQ

GLVWULFW KRVSLWDOV DQG SULYDWH FOLQLFV KHDOWK ZRUNHUV ILUVW UHTXHVWHG D GLDJQRVWLF WHVW� 3=4

ZDV DYDLODEOH LQ PRVW KHDOWK FDUH IDFLOLWLHV EXW QRW LQ WKH SULYDWH FOLQLFV� 7UHDWPHQW RI 6�

KDHPDWRELXP LQIHFWLRQ FRVWV RQ DYHUDJH ���� (XUR� ZKLFK LV FRPSDUDEOH WR WKH WUHDWPHQW

FRVWV RI 6� PDQVRQL� ���� (XUR� 7KH FRVW RI 3=4 UHSUHVHQWHG DSSUR[LPDWHO\ ��� RI WKH

WRWDO FRVW ERUQH E\ WKH SDWLHQWV ZKHQ SUHVHQWLQJ DW KHDOWK FHQWUHV�

:H FRQFOXGH WKDW� SDWLHQWV ZLWK V\PSWRPV RI 6� KDHPDWRELXP LQIHFWLRQ LQ 0DOL FDQ H[SHFW

DGHTXDWH GLDJQRVLV DQG WUHDWPHQW LQ DJUHHPHQW ZLWK WKH :+2 UHFRPPHQGDWLRQV� 3DWLHQWV

SUHVHQWLQJ ZLWK V\PSWRPV UHODWHG WR 6� PDQVRQL LQIHFWLRQ DUH OHVV OLNHO\ WR EH FRUUHFWO\

GLDJQRVHG� 7KH KLJK FRVW RI WUHDWPHQW EXW DOVR WKH ORZ WHQGHQF\ WR VHHN KHDOWK FDUH

QHFHVVLWDWH SROLF\ GHFLVLRQV WR HQVXUH DQ DIIRUGDEOH DQG PRUH DWWUDFWLYH FOLQLFDO FDVH

PDQDJHPHQW V\VWHP�
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6FKLVWRVRPLDVLV LV D VHULRXV SXEOLF KHDOWK SUREOHP LQ 0DOL� ,W DIIHFWV RQH LQ HYHU\ �

LQGLYLGXDOV� 7KH KLJK SUHYDOHQFH DQG LQWHQVLW\ RI LQIHFWLRQ UHVXOW LQ VLJQLILFDQW PRUELGLW\

DQG JURZWK LPSDLUPHQW LQ FKLOGUHQ �7UDRUp HW DO�� ����D� 7UDRUp HW DO�� ����E� 'H &OHUFT HW

DO�� ������ 2YHU WKH SDVW GHFDGHV� D QDWLRQDO VXUYH\ DQG RWKHU VSHFLILF VWXGLHV ZHUH

FRQGXFWHG E\ WKH 1DWLRQDO 6FKLVWRVRPLDVLV &RQWURO 3URJUDPPH �31/&6�� 7KH PDLQ

HQGHPLF DUHDV ZHUH LGHQWLILHG DQG FRQWURO VWUDWHJLHV GHILQHG� �7UDRUp� ����� :HUOHU� �����

7UDRUp HW DO�� ����D��

&RQWURO HIIRUWV VWDUWHG LQ ���� ZLWK D UHVHDUFK DQG FRQWURO SURMHFW EDVHG DW WKH 1DWLRQDO

,QVWLWXWH IRU 3XEOLF +HDOWK 5HVHDUFK �,1563� LQ %DPDNR� $FWLYLWLHV ZHUH SODQQHG RQ D

SUDJPDWLF EDVLV GHSHQGLQJ RQ VXUYH\ UHVXOWV DQG ORJLVWLF FRQGLWLRQV� ,Q ����� D QDWLRQDO

VFKLVWRVRPLDVLV FRQWURO SURJUDPPH VWDUWHG� ZKLFK DLPHG DW PRUELGLW\ FRQWURO E\ YHFWRU

FRQWURO DQG SRSXODWLRQ PDVV FKHPRWKHUDS\ ZLWK SUD]LTXDQWHO GHOLYHUHG E\ PRELOH WHDPV

RSHUDWLQJ IURP WKHLU EDVLV LQ %DPDNR �6HXEHUW HW DO�� ����� %ULQNPDQQ HW DO�� ������ $IWHU

HYDOXDWLRQ RI WKLV SURMHFW LQ ����� LW ZDV UHFRJQLVHG WKDW WKH YHUWLFDO DSSURDFK ZDV GLIILFXOW

WR PDLQWDLQ GXH WR WKH KLJK FRVWV �*U\VHHOV� ������ 7KLV LQLWLDWHG HIIRUWV WR LQWHJUDWH

FRQWURO DFWLYLWLHV LQ SULPDU\ KHDOWK FDUH VWUXFWXUHV DV UHFRPPHQGHG E\ :+2 �:+2�

������ $ FHQWUDO WHDP UHVSRQVLEOH IRU FR�RUGLQDWLRQ� VXUYHLOODQFH DQG UHVHDUFK ZDV

DSSRLQWHG DW WKH ,1563� ZKHUHDV LPSOHPHQWDWLRQ RI FRQWURO LQWHUYHQWLRQV ZDV WUDQVIHUUHG

WR WKH GLVWULFW DQG UHJLRQDO KHDOWK WHDP� 7KH FXUUHQW FRQWURO VWUDWHJ\ LV WR WUHDW VFKRRO DJHG

FKLOGUHQ UHSHDWHGO\ HYHU\ WKUHH \HDUV LQ PRGHUDWH WR KLJK HQGHPLF DUHDV DQG PRUH

LPSRUWDQWO\ WR HVWDEOLVK DGHTXDWH FOLQLFDO FDUH IRU SDWLHQWV SUHVHQWLQJ DW KHDOWK FDUH

IDFLOLWLHV LQ DOO HQGHPLF DUHDV �L�H� SDVVLYH FDVH GHWHFWLRQ� E\ VWUHQJWKHQLQJ WKH KHDOWK

V\VWHP� $ GHFLVLRQ WUHH ZDV DGRSWHG IRU WKH PDQDJHPHQW RI SDWLHQWV ZLWK KDHPDWXULD RU

EORRG\ GLDUUKRHD WKDW YLVLW KHDOWK FHQWUHV LQ VFKLVWRVRPH HQGHPLF DUHDV� 7KH VWUDWHJ\

LQFOXGHG GLUHFW WUHDWPHQW ZLWK SUD]LTXDQWHO IRU SDWLHQWV SUHVHQWLQJ ZLWK KDHPDWXULD�

ZKHUHDV IRU SDWLHQWV SUHVHQWLQJ ZLWK EORRG\ GLDUUKRHD D ODERUDWRU\ WHVW VKRXOG EH

UHTXHVWHG IRU FRQILUPDWLRQ RI WKH GLDJQRVLV� 7KLV UHTXLUHG FRQWLQXRXV DYDLODELOLW\ RI

SUD]LTXDQWHO DW KHDOWK FHQWUH OHYHO DQG ODERUDWRU\ IDFLOLWLHV WR SHUIRUP WKH .DWR�.DW]

WHFKQLTXH IRU GLDJQRVLV RI 6� PDQVRQL HJJV� %HWZHHQ ���� DQG ����� RQH PHGLFDO GRFWRU�

VHYHUDO QXUVHV DQG DOO ODERUDWRU\ WHFKQLFLDQV LQ HQGHPLF DQG QRQ�HQGHPLF GLVWULFWV� ZHUH

WUDLQHG LQ GLDJQRVLV �XULQH ILOWUDWLRQ� .DWR�.DW] WHFKQLTXH� XVH RI UHDJHQW VWULSV� DQG

WUHDWPHQW RI VFKLVWRVRPLDVLV SDWLHQWV DQG D VXSSO\ RI UHDJHQW VWULSV� DQG PDWHULDOV IRU XULQH

ILOWUDWLRQ DQG .DWR�.DW] WHFKQLTXH ZDV SURYLGHG WR WKH ODERUDWRULHV�

0RUH WKDQ D GHFDGH DIWHU WKH VWDUW RI WKH LQWHJUDWLRQ SURFHVV� ZH HYDOXDWHG WKH IXQFWLRQLQJ

RI WKH KHDOWK FDUH IDFLOLWLHV IRU SDVVLYH GHWHFWLRQ DQG WUHDWPHQW RI 6� KDHPDWRELXP DQG 6�

PDQVRQL FDVHV� 7KH SURFHVV LQFOXGHG LQWHUYLHZ RI WKH KHDOWK ZRUNHUV WR DVVHVV WKHLU

NQRZOHGJH RI WKH PDLQ V\PSWRPV DQG WKHLU DWWLWXGH DQG SUDFWLFH IRU GLDJQRVLV DQG

WUHDWPHQW RI VFKLVWRVRPLDVLV� WKH DYDLODELOLW\ RI GLDJQRVWLF PDWHULDOV DQG SUD]LTXDQWHO ZDV

DOVR UHFRUGHG�
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0DOLDQ 'LVWULFW +HDOWK 6\VWHP

7KH KHDOWK V\VWHP LQ 0DOL LV EDVHG RQ WKH SULQFLSOHV RI 3ULPDU\ +HDOWK &DUH DQG WKH

%DPDNR ,QLWLDWLYH �:+2� ����� *DUQHU� ������ 7KH ILUVW OHYHO RI FDUH LQ WKH KHDOWK V\VWHP

LV DW WKH &HQWUH GH 6DQWp &RPPXQDXWDLUH �&6&20� RU &HQWUH GH 6DQWp 5HYLWDOLVp �&6$5��

,Q UXUDO DUHDV� WKHVH DUH JHQHUDOO\ VLWXDWHG DW YLOODJH OHYHO DQG SURYLGH D PLQLPXP SDFNDJH

RI SUHYHQWLYH DQG FXUDWLYH VHUYLFHV WR WKH SRSXODWLRQ OLYLQJ LQ WKH FRYHUDJH DUHD� 1RUPDOO\�

HDFK KHDOWK FHQWUH LV VWDIIHG ZLWK RQH VHQLRU QXUVH �,QILUPLHU G
(WDW� RU RQH QXUVH

�,QILUPLHU GH VDQWp� DQG WZR DVVLVWDQW QXUVHV �DLGH VRLJQDQW DQG PDWURQH�� 3DWLHQWV WKDW

FDQQRW EH KDQGOHG DW WKH OHYHO RI WKH &6&20 DUH UHIHUUHG WR WKH QH[W OHYHO� L�H� WKH GLVWULFW

KRVSLWDO �&HQWUH GH 6DQWp GH 5pIqUHQFH  &65()�� 7KHVH HPSOR\ DW OHDVW RQH PHGLFDO

GRFWRU DQG VHYHUDO VHQLRU QXUVHV� QXUVHV DQG DVVLVWDQW QXUVHV� 7KH PHGLFDO GRFWRU RI WKH

GLVWULFW KRVSLWDO VXSHUYLVHV WKH DFWLYLWLHV RI WKH KHDOWK FHQWUHV ORFDWHG LQ WKH GLVWULFW� $

GLVWULFW FRQWDLQV D GLVWULFW KRVSLWDO� � WR � KHDOWK FHQWUHV DQG RQH RU PRUH SULYDWH FOLQLFV LQ

VRPH DUHDV�

)RU HDFK YLVLW WR D KHDOWK FDUH IDFLOLW\� SDWLHQWV EX\ FRQVXOWDWLRQ WLFNHWV� 7KH\ DOVR SD\ IRU

GUXJV DQG GLDJQRVWLF WHVWV LI QHFHVVDU\� +HDOWK FHQWUHV EX\ JHQHULF GUXJV DW WKH 5HJLRQDO

3KDUPDF\� 7KH UHWDLO SULFH RI WKH GUXJ DQG WKH W\SH DQG TXDQWLW\ LQ VWRFN DUH GHWHUPLQHG

E\ WKH KHDOWK ZRUNHU LQ FRPPDQG RI WKH KHDOWK FHQWUH DQG WKH KHDOWK FRPPLWWHH� D JURXS

RI UHSUHVHQWDWLYHV FKRVHQ IURP WKH ORFDO SRSXODWLRQ� 7KH KHDOWK FHQWUHV PDNH D VPDOO

SURILW E\ VHOOLQJ WKH GUXJV WR SDWLHQWV� ZKLFK HQDEOHV WKHP WR UHQHZ WKHLU VWRFNV DQG WR

VXSSRUW VDODULHV RI VRPH KHDOWK ZRUNHUV �FRVW UHFRYHU\ V\VWHP EDVHG RQ %DPDNR

,QLWLDWLYH�� 3DWLHQWV FDQ DOVR EX\ GUXJV DW SULYDWH SKDUPDFLHV�

6WXG\ DUHD

7KH VWXG\ ZDV SHUIRUPHG LQ 1RYHPEHU DQG 'HFHPEHU ���� LQ IRXU UHJLRQV LQ 0DOL ZLWK

GLIIHUHQW OHYHOV RI VFKLVWRVRPLDVLV HQGHPLFLW\� )LJXUH ��� VKRZV WKH VXUYH\HG GLVWULFWV� D

GLVWULFW ZLWK ORZ HQGHPLFLW\ ZDV .RORQGLpED �6LNDVVR UHJLRQ� DQG KLJK HQGHPLF GLVWULFWV

ZHUH .RORNDQL DQG %DQDPED �.RXOLNRUR UHJLRQ�� 1LRQR �6pJRX UHJLRQ� DQG %DQGLDJDUD

�0RSWL UHJLRQ� �:HUOHU� ����� .DUGRUII HW DO�� ����� 9HUFUX\VVH HW DO�� ����� 'H &OHUFT HW DO��

����� 'H &OHUFT HW DO�� ����� 7UDRUp HW DO�� ����D�� )URP HDFK UHJLRQ� WZR GLVWULFWV ZHUH

LQFOXGHG LQ WKH VWXG\� ,Q WKH ILUVW YLVLWHG GLVWULFW� ZH VHOHFWHG WKH GLVWULFW KRVSLWDO DQG

UDQGRPO\� RQH SULYDWH FOLQLF �LI SUHVHQW� DQG �� RU �� KHDOWK FHQWUHV XQWLO D WRWDO RI ��

KHDOWK FDUH IDFLOLWLHV� ,I OHVV WKDQ �� KHDOWK FDUH IDFLOLWLHV ZHUH SUHVHQW LQ WKH ILUVW GLVWULFW� DOO

ZHUH LQFOXGHG DQG ZH UDQGRPO\ VHOHFWHG KHDOWK FDUH IDFLOLWLHV LQ WKH VHFRQG GLVWULFW XQWLO D

WRWDO RI �� KHDOWK FDUH IDFLOLWLHV ZHUH LQFOXGHG�

'DWD FROOHFWLRQ

:H XVHG WKH VWUXFWXUHG TXHVWLRQQDLUH ZKLFK ZDV GHYHORSHG IRU D FRPSDUDEOH VWXG\ LQ

6HQHJDO �9DQ GHU :HUI HW DO�� ����E�� ,W FRQWDLQHG TXHVWLRQV RQ NQRZOHGJH RI V\PSWRPV
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DQG WUHDWPHQW RI VFKLVWRVRPLDVLV DQG RQ WKH DYDLODELOLW\ DQG FRVW RI GUXJV DQG GLDJQRVWLF

WHVWV� ,Q DGGLWLRQ� IRXU K\SRWKHWLFDO FDVHV ZHUH SUHVHQWHG WR DVVHVV WKH FDVH PDQDJHPHQW

SURFHVV RI SDWLHQWV ZLWK W\SLFDO VFKLVWRVRPLDVLV V\PSWRPV �FDVH $� �� \HDU ROG JLUO ZLWK

EORRG LQ XULQH� FDVH %� �� \HDU ROG PDQ ZLWK EORRG LQ XULQH DQG SDLQIXO XULQDWLRQ� FDVH &�

�� \HDU ROG ER\ ZLWK DEGRPLQDO GLVFRPIRUW DQG EORRG\ GLDUUKRHD DQG FDVH '� �� \HDU ROG

ZRPDQ ZLWK GLDUUKRHD DQG DEGRPLQDO GLVFRPIRUW��

Figure 7.1: Map of Mali indicating surveyed districts: (A) Kolikani, Koulikoro Region; (B) Banamba, Koulikoro

Region; (C) Niono, Ségou Region; (D) Bandiagara, Mopti Region and (E) Kolondiéba, Sikasso Region.

7KH SHUVRQ LQ FKDUJH RI HDFK VXUYH\HG KHDOWK FDUH IDFLOLW\ ZDV LQWHUYLHZHG� ,I WKLV SHUVRQ

ZDV DEVHQW� ZH LQWHUYLHZHG WKH VHFRQG LQ FRPPDQG� :H H[SODLQHG WKDW WKH SXUSRVH RI WKH

TXHVWLRQQDLUH ZDV WR HYDOXDWH WKH IXQFWLRQLQJ RI WKH KHDOWK FDUH IDFLOLW\� 6R ZH GLG QRW

UHYHDO WKH VSHFLILF DLP RI RXU VWXG\� WR HYDOXDWH WKH IXQFWLRQLQJ RI WKH KHDOWK FDUH IDFLOLW\

IRU VFKLVWRVRPLDVLV FRQWURO� $IWHU LQWURGXFWLRQ DQG VRPH JHQHUDO TXHVWLRQV DERXW WKH

KHDOWK FDUH IDFLOLW\� ZH SUHVHQWHG WKH IRXU K\SRWKHWLFDO FDVHV LQ UDQGRP RUGHU�

5HVSRQGHQWV ZHUH UHTXHVWHG WR LPDJLQH WKDW WKHVH FDVHV YLVLWHG WKHLU KHDOWK FDUH IDFLOLW\

DQG WR H[SODLQ WKHLU XVXDO SROLF\ IRU VXFK SDWLHQWV WDNLQJ LQWR DFFRXQW WKH HSLGHPLRORJLFDO

FKDUDFWHULVWLFV RI WKH SRSXODWLRQ LQ WKHLU FRYHUDJH DUHD DQG WKH GLDJQRVWLF DQG WKHUDSHXWLF

SRVVLELOLWLHV DYDLODEOH LQ WKHLU KHDOWK FDUH IDFLOLW\� 7KHUHDIWHU� ZH H[SODLQHG WKH SXUSRVH RI

RXU YLVLW DQG IRFXVVHG WKH LQWHUYLHZ RQ VFKLVWRVRPLDVLV� 5HVSRQGHQWV ZHUH DVNHG WR

PHQWLRQ DOO V\PSWRPV WKH\ FRQVLGHUHG WR EH UHODWHG WR LQIHFWLRQ ZLWK 6� KDHPDWRELXP RU 6�

PDQVRQL� ,I 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ ZDV UHSRUWHG SUHVHQW LQ WKH FRYHUDJH DUHD

RI WKH KHDOWK FDUH IDFLOLW\� ZH FRQWLQXHG WKH LQWHUYLHZ ZLWK TXHVWLRQV DERXW GLDJQRVLV DQG

WUHDWPHQW SUDFWLFHV IRU SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV FDXVHG E\ 6� KDHPDWRELXP

�KDHPDWXULD� DQG 6� PDQVRQL LQIHFWLRQ �EORRG LQ VWRRO�EORRG\ GLDUUKRHD�� 6XEVHTXHQWO\� ZH

DVNHG WKHP ZKLFK SHUFHQWDJH RI WKHLU FRYHUDJH SRSXODWLRQ ZRXOG ILUVW FRQVXOW D WUDGLWLRQDO
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KHDOHU EHIRUH YLVLWLQJ WKHLU KHDOWK FDUH IDFLOLW\ IRU WKH V\PSWRPV KDHPDWXULD DQG EORRG\

GLDUUKRHD� 7KHUHDIWHU� ZH GHWHUPLQHG WKH DYDLODELOLW\ RI GLDJQRVWLF PDWHULDOV DQG

SUD]LTXDQWHO� :H FROOHFWHG LQIRUPDWLRQ DERXW WKH QXPEHU RI SHRSOH FRYHUHG E\ WKH KHDOWK

FDUH IDFLOLW\� WKH QXPEHU RI FXUDWLYH FRQVXOWDWLRQV� WKH QXPEHU RI VFKLVWRVRPLDVLV SDWLHQWV

LQ ���� DQG WKH SULFH RI D FRQVXOWDWLRQ WLFNHW� GLDJQRVWLF WHVW� SUD]LTXDQWHO DQG SXEOLF

WUDQVSRUW WR WKH QHDUHVW UHIHUUDO FHQWUH� )RU DOO TXHVWLRQV ZH WULHG WR REWDLQ WKH H[DFW YDOXH�

LI WKLV ZDV QRW SRVVLEOH DQ HVWLPDWHG YDOXH ZDV DVNHG IRU� ,Q VRPH LQVWDQFHV� LQIRUPDWLRQ

ZDV SURYLGHG E\ PDLO RU WHOHSKRQH XS WR D IHZ GD\V DIWHU WKH LQWHUYLHZ�

,I WKH UHVSRQGHQW GLG QRW NQRZ VFKLVWRVRPLDVLV RU LI LW ZDV XQNQRZQ ZKHWKHU

VFKLVWRVRPLDVLV ZDV SUHVHQW LQ WKH FRYHUDJH DUHD� WKH GDWD ZHUH DQDO\VHG DV QRW KDYLQJ

VFKLVWRVRPLDVLV LQ WKH FRYHUDJH DUHD� 7KH UHSOLHV JLYHQ E\ GLIIHUHQW SURIHVVLRQDO JURXSV RU

SULPDU\ KHDOWK FDUH OHYHOV ZHUH VWDWLVWLFDOO\ FRPSDUHG XVLQJ WKH &KL�VTXDUH�)LVKHU
V H[DFW

WHVW �6366�� $ S�YDOXH � ���� ZDV FRQVLGHUHG VLJQLILFDQW�

&RVW DQDO\VLV

&DOFXODWLRQ RI WKH DYHUDJH FRVWV RI WUHDWPHQW LV GHVFULEHG E\ 9DQ GHU :HUI HW DO� �����E��

%ULHIO\� FRVWV RI WUHDWPHQW IRU VFKLVWRVRPLDVLV ZHUH FDOFXODWHG E\ DGGLQJ WKH SULFH RI

FRQVXOWDWLRQ WLFNHW� GLDJQRVWLF WHVW� WUHDWPHQW ZLWK IRXU SUD]LTXDQWHO WDEOHWV �GRVH IRU DQ

DGXOW� DQG WUDQVSRUWDWLRQ FRVW WR DQRWKHU KHDOWK FDUH IDFLOLW\� ,I D GLDJQRVWLF WHVW LV QRW

UHTXHVWHG FRVWV DUH QLO� $OVR� LI SDWLHQWV DUH QRW UHIHUUHG IRU GLDJQRVWLF WHVW RU WUHDWPHQW

WUDQVSRUWDWLRQ FRVWV DUH QLO� $OO FRVWV DUH SUHVHQWHG LQ (XUR� ,Q ����� RQH (XUR ZDV

DSSUR[LPDWHO\ ��� &)$ �ORFDO FXUUHQF\��

��
���


7DEOH ��� VXPPDULVHV WKH SRSXODWLRQ FRYHUHG E\ WKH �� VXUYH\HG KHDOWK FDUH IDFLOLWLHV DQG

WKHLU QXPEHU RI FXUDWLYH FRQVXOWDWLRQV LQ WKH \HDU ����� :H LQWHUYLHZHG LQ WKH GLVWULFW

KRVSLWDOV VL[ PHGLFDO GRFWRUV� LQ KHDOWK FHQWUHV RQH PHGLFDO GRFWRU� �� VHQLRU QXUVHV� ��

QXUVHV DQG �� DVVLVWDQW QXUVHV DQG LQ SULYDWH FOLQLFV RQH PHGLFDO GRFWRU� RQH VHQLRU QXUVH

DQG RQH QXUVH� 6� KDHPDWRELXP LQIHFWLRQ ZDV UHSRUWHG WR RFFXU LQ WKH FRYHUDJH DUHD RI ��

����� KHDOWK FDUH IDFLOLWLHV� �� ����� DOVR UHSRUWHG 6� PDQVRQL� 7ZR ���� UHVSRQGHQWV GLG

QRW NQRZ ZKHWKHU 6� PDQVRQL LQIHFWLRQ H[LVWHG LQ WKHLU FRYHUDJH DUHD�

7DEOH ��� OLVWV JHQHUDO FKDUDFWHULVWLFV RI WKH KHDOWK FDUH IDFLOLWLHV LQ RXU VWXG\� +RVSLWDOV

HPSOR\HG VHYHUDO PHGLFDO GRFWRUV� ZKHUHDV KHDOWK FHQWUHV ZHUH PDLQO\ VWDIIHG E\ QXUVHV�

$OO WKUHH KRVSLWDOV KDG DQ LQ�SDWLHQW GHSDUWPHQW ZLWK RQ DYHUDJH �� EHGV� +HDOWK FHQWUHV

DQG SULYDWH FOLQLFV RQO\ KDG IHZ EHGV ZKLFK ZHUH PDLQO\ XVHG IRU VKRUW�WHUP REVHUYDWLRQ�

/DERUDWRULHV ZHUH DOPRVW H[FOXVLYHO\ DYDLODEOH DW GLVWULFW KRVSLWDO OHYHO� 7KH\ ZHUH LQ WKH

SRVVHVVLRQ RI DOO QHFHVVDU\ HTXLSPHQW IRU XULQH FHQWULIXJDWLRQ �PLFURVFRSH� WXEHV� JODVV�

VOLGHV DQG FHQWULIXJH� DQG GLUHFW VPHDU WHVWV �PLFURVFRSH DQG JODVV�VOLGHV� WR GLDJQRVH 6�

KDHPDWRELXP HJJV DQG 6� PDQVRQL HJJV UHVSHFWLYHO\� 8ULQH ILOWUDWLRQ WHVWV DQG .DWR�.DW] WHVWV



C H A P T E R  7

���

Table 7.1: Characteristics of the 60 visited health care facilities (HCF) in Mali.

No. of HCF reporting presence of
schistosomiasis in their coverage area

(%)***

Health care
facility

No. Population covered by
HCF in thousands,

median (range)*

Number of curative
consultations year

2000 in thousands,
median (range)**

S. haematobium S. mansoni

District hospital 4 212 (152−257) 6.2 (2.3−27) 4 (100%) 2 (50%)

Health centre 53 12 (3.3−53) 1.8 (0.64−5.5) 43 (81%) 18 (34%)

Private clinic 3 n.a.* 0.37 (0.25−2.6) 3 (100%) 2 (67%)

Total 60 50 (83%) 22 (37%)
* n.a. = not applicable, private clinics do not have a specified coverage area
** Six health centres did not practice the whole year of 2000 and were therefore not included
*** All health care facilities with S. mansoni also had S. haematobium in coverage area

ZHUH QRW XVHG DQG WKH QHFHVVDU\ PDWHULDOV ZHUH RQO\ DYDLODEOH LQ RQH GLVWULFW KRVSLWDO

�.RORQGLpED GLVWULFW�� 0RVW QRQ�SULYDWH KHDOWK FDUH IDFLOLWLHV ZLWK UHSRUWHG

VFKLVWRVRPLDVLVLQ WKH FRYHUDJH DUHD KDG SUD]LTXDQWHO DYDLODEOH DW WKH WLPH RI WKH LQWHUYLHZ

������ 7KH\ KDG RQ DYHUDJH ��� WDEOHWV LQ VWRFN �UDQJH ������� 1RQH RI WKH WKUHH SULYDWH

FOLQLFV KDG D GLVSHQVDU\ RU SUD]LTXDQWHO� ,Q 0DOL� PRVW 6� KDHPDWRELXP SDWLHQWV ZHUH

GLDJQRVHG DQG WUHDWHG DW KHDOWK FHQWUH OHYHO� DSSUR[LPDWHO\ ���� LQ RXU VDPSOH LQ WKH \HDU

����� ��� LQ GLVWULFW KRVSLWDOV DQG �� LQ SULYDWH FOLQLFV� 6� PDQVRQL SDWLHQWV ZHUH QRW

VHSDUDWHO\ UHJLVWHUHG LQ WKH 0DOLDQ KHDOWK V\VWHP�

Table 7.2: Availability of personnel and equipment in 50 Malian health care facilities with reported
schistosomiasis (both S. haematobium and S. mansoni or only S. haematobium) in their coverage area.

Health care facility

Available District hospital (n=4) Health centre (n=43) Private clinic (n=3)

Staff, median (range)

Doctors 4.5 (3−7) 0 (0−1) 0 (0−1)

Senior nurse 4.5 (1−6) 0 (0−2) 1 (0−2)

Nurses 3 (1−3) 1 (0−2) 1 (0−2)

Nurse help 4 (1−6) 2 (1−4) 0 (0−1)

Facilities, number (percentage)

Laboratory 4 (100%) 2 (5%) 0 (0%)

Praziquantel 4 (100%) 35 (81%) 0 (0%)

7KH PDMRULW\ RI WKH UHVSRQGHQWV PHQWLRQHG XULQDU\ VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV IRU

K\SRWKHWLFDO FDVHV $ DQG %� UHVSHFWLYHO\ ��� DQG ���� ,Q FRQWUDVW� FDVH ' DQG WR D OHVVHU

H[WHQW FDVH & ZDV KDUGO\ HYHU JLYHQ WKH LQLWLDO GLDJQRVLV RI �LQWHVWLQDO� VFKLVWRVRPLDVLV

�&DVH &� ��� DQG &DVH '� ���� ,I WKH IRXU FDVHV UHDOO\ FRQFHUQHG VFKLVWRVRPLDVLV SDWLHQWV�

WKH XOWLPDWH SUREDELOLW\ RI SUHVFULELQJ SURSHU WUHDWPHQW �SUD]LTXDQWHO� IRU FDVHV $� %� &

DQG ' ZLWKRXW UHIHUUDO ZRXOG EH ���� ���� ��� DQG ���� UHVSHFWLYHO\� SURYLGHG D

SRVLWLYH GLDJQRVLV WHVW LI UHTXHVWHG� +HDOWK ZRUNHUV IURP DUHDV UHSRUWHG HQGHPLF IRU

VFKLVWRVRPLDVLV PRUH RIWHQ SUHVFULEHG SUD]LTXDQWHO �7DEOH ����� ,Q WKHVH DUHDV� RQO\ WKUHH
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KHDOWK FHQWUHV GLG QRW SUHVFULEH SUD]LTXDQWHO IRU K\SRWKHWLFDO FDVH $� DOWKRXJK RQH RI

WKHP GLG KDYH XULQDU\ VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV� $OVR� QLQH KHDOWK FHQWUHV DQG

RQH SULYDWH FOLQLF GLG QRW SUHVFULEH SUD]LTXDQWHO IRU FDVH %� 7KHLU LQLWLDO GLDJQRVLV ZDV

EDFWHULDO XULQDU\ LQIHFWLRQ ����� DQG JRQRUUKRHD ������ ZKLFK H[SODLQV WKH SUHVFULSWLRQ RI

DQWLELRWLFV� )RU FDVH & DQG ' KHDOWK FHQWUHV SUHVFULEHG SUD]LTXDQWHO GLUHFWO\ ZKLOH DOO

GLVWULFW KRVSLWDOV RQO\ SUHVFULEHG SUD]LTXDQWHO DIWHU D SRVLWLYH GLDJQRVWLF WHVW�

Table 7.3: Diagnosis and treatment strategy for 4 hypothetical cases in health care facilities with reported
S. haematobium or S. mansoni in their coverage area. Hypothetical cases: 10 year old girl with blood in urine

(Case A); 40 year old man with blood in urine and painful urination (Case B); 10 year old boy with abdominal

discomfort and bloody diarrhoea (Case C); and 30 year old woman with diarrhoea and abdominal discomfort
(Case D).

      S. haematobium (n=50) S. mansoni (n=22)

Case A (%) Case B (%) Case C (%) Case D (%)**

Initial diagnosis schistosomiasis 47 (94) 32 (64) 9 (41) 1 (5)

Action

Direct prescription of praziquantel 40 (80) 28 (56) 7 (32) 2 (9)

Prescription of praziquantel if schistosome eggs
found in diagnostic test*

6 (12) 8 (16) 4 (18) 4 (18)

Direct prescription of other drug#  3 (6) 10 (20) 11 (50) 15 (68)

Referred for diagnosis and/or treatment 1 (2) 4 (8) 0 (0) 0 (0)
* Diagnostic tests were urine centrifugation (S. haematobium) and direct smear (S. mansoni)
** One respondent waited for two days to see if the symptoms would disappear
# Mainly antibiotics, metronidazole and ORS

$OPRVW DOO KHDOWK ZRUNHUV ����� PHQWLRQHG KDHPDWXULD ZKHQ DVNHG WR UHSRUW V\PSWRPV

UHODWHG WR 6� KDHPDWRELXP LQIHFWLRQ �)LJXUH ���D�� 5HVSHFWLYHO\ ��� DQG ��� DOVR UHSRUWHG

G\VXULD DQG SHOYLF SDLQ� 6\PSWRPV OHVV FRPPRQO\ RU QRW DVVRFLDWHG WR 6� KDHPDWRELXP

LQIHFWLRQV� IHYHU� SUXULWLV� DQG DQRUH[LD� ZHUH VRPHWLPHV PHQWLRQHG� 7KHUH ZDV QR

VLJQLILFDQW GLIIHUHQFH LQ �WKH TXDOLW\ RI� WKH DQVZHUV EHWZHHQ KLJKO\ TXDOLILHG KHDOWK

ZRUNHUV �GRFWRUV DQG VHQLRU QXUVHV� DQG RWKHU KHDOWK ZRUNHUV �QXUVHV DQG DVVLVWDQW

QXUVHV�� $OVR� DQVZHUV RI KHDOWK ZRUNHUV IURP DUHDV ZLWK UHSRUWHG 6� KDHPDWRELXP ZHUH

FRPSDUDEOH WR DQVZHUV RI WKRVH IURP DUHDV ZLWKRXW UHSRUWHG 6� KDHPDWRELXP� 0RVW KHDOWK

ZRUNHUV IURP KHDOWK FHQWUHV ����� LQ DUHDV ZLWK UHSRUWHG 6� KDHPDWRELXP SHUIRUPHG

V\PSWRP�EDVHG WUHDWPHQW �L�H� WUHDWPHQW ZLWKRXW SDUDVLWRORJLFDO FRQILUPDWLRQ RI WKH

GLDJQRVLV� IRU SDWLHQWV ZLWK KDHPDWXULD �7DEOH ����� :KHUHDV DOO GRFWRUV ZRUNLQJ LQ GLVWULFW

KRVSLWDOV ILUVW UHTXHVWHG D GLDJQRVWLF WHVW EHIRUH WKH\ SUHVFULEHG SUD]LTXDQWHO� ,Q SULYDWH

FOLQLFV� SDWLHQWV ZHUH DOZD\V UHIHUUHG IRU D GLDJQRVWLF WHVW� 3UD]LTXDQWHO ZDV SUHVFULEHG E\

��� RI WKH UHVSRQGHQWV IRU WUHDWPHQW RI 6� KDHPDWRELXP LQIHFWLRQ� PRVW RI WKHP SUHVFULEHG

�� PJ�NJ ERG\ZHLJKW ������ � ���� SUHVFULEHG �� PJ�NJ DQG � ���� GLG QRW SUHVFULEH

SHU NLORJUDP ERG\ZHLJKW�

7KH PDLQ V\PSWRPV RI 6� PDQVRQL LQIHFWLRQ� DEGRPLQDO GLVFRPIRUW DQG EORRG\

GLDUUKRHD�EORRG LQ VWRRO� ZHUH PHQWLRQHG E\ ��� DQG ��� UHVSHFWLYHO\� ZKHQ DVNHG WR
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Table 7.4: Management of patients reporting with haematuria or blood in stool/bloody diarrhoea in health
care facilities where the health worker mentioned the symptoms as signs of respectively S. haematobium
and S. mansoni infection in areas where S. haematobium or S. mansoni is reported endemic. Positive for

diagnosis means S. haematobium eggs detected in urine sample or S. mansoni eggs detected in stool sample.

Health care facility (%)

Hospital Health centre Private clinic

Haematuria

Symptom-based treatment with praziquantel* 0 (0) 38 (88) 0 (0)
Diagnosis by urine centrifugation, if positive praziquantel 4 (100) 2 (5) 0 (0)
Referral for diagnostic test, if positive praziquantel 0 (0) 3 (7) 3 (100)
Total 4 (100) 43 (100) 3 (100)

Bloody diarrhoea/blood in stool
Symptom-based treatment with praziquantel** 0 (0) 9 (64) 0 (0)
Diagnosis by direct smear, if positive praziquantel 2 (100) 1 (7) 0 (0)

Referral for diagnostic test, if positive praziquantel** 0 (0) 4 (29) 2 (100)
Total 2 (100) 14 (100) 2 (100)
* One respondent prescribed mebendazole
** One respondent prescribed metronidazole

UHSRUW V\PSWRPV UHODWHG WR 6� PDQVRQL LQIHFWLRQ �)LJXUH ���E�� 2WKHU V\PSWRPV UHODWHG WR

6� PDQVRQL LQIHFWLRQ ZHUH UDUHO\ PHQWLRQHG� (LJKW SHUFHQW RI WKH UHVSRQGHQWV FRXOG QRW

PHQWLRQ DQ\ V\PSWRP UHODWHG WR 6� PDQVRQL LQIHFWLRQ DW DOO� +LJKO\ TXDOLILHG KHDOWK ZRUNHUV

�GRFWRUV DQG VHQLRU QXUVHV� JDYH VLPLODU DQVZHUV DERXW 6� PDQVRQL V\PSWRPV FRPSDUHG WR

RWKHU KHDOWK ZRUNHUV �QXUVHV DQG QXUVH KHOSV�� 7KH DQVZHUV RI KHDOWK FDUH ZRUNHUV IURP

DUHDV ZKHUH 6� PDQVRQL ZDV UHSRUWHG WR EH SUHVHQW ZHUH VLJQLILFDQWO\ EHWWHU IRU WKH

V\PSWRPV DEGRPLQDO GLVFRPIRUW DQG EORRG\ GLDUUKRHD�EORRG LQ VWRRO
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Schistosoma haematobium Schistosoma mansoni(a) (b)

Figure 2: Symptoms mentioned by respondents (n = 60) to be related to (a) S. haematobium and (b)
S. mansoni infection. Respondents were requested to mention as many symptoms related to schistosomiasis

as possible. Five (8%) health workers could not mention any symptom caused by S. mansoni infection. Urinary
freq. is urinary frequency. Abdominal disc. is abdominal discomfort. "Other" refers to symptoms less commonly

associated with schistosomiasis. In order of importance, these were fever, pruritis, anorexia, kidney pain, and
hepatosplenomegaly for S. haematobium, and pruritis, dizziness, anal pain, constipation, itching in anal region,
fever, vomiting, haematuria, and anorexia for S. mansoni.
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�S  ����� DQG S ������� 6\PSWRP�EDVHG WUHDWPHQW IRU SDWLHQWV SUHVHQWLQJ ZLWK EORRG\

GLDUUKRHD�EORRG LQ VWRRO ZDV SHUIRUPHG E\ � VHQLRU QXUVHV� � QXUVHV DQG � DVVLVWDQW QXUVHV

ZRUNLQJ LQ KHDOWK FHQWUHV� $OO SUHVFULEHG SUD]LTXDQWHO DW �� PJ�NJ ERG\ZHLJKW� H[FHSW RQH

QXUVH ZKR SUHVFULEHG PHWURQLGD]ROH� 7ZR GRFWRUV ZRUNLQJ LQ GLVWULFW KRVSLWDOV DQG WZR

KHDOWK ZRUNHUV IURP SULYDWH FOLQLFV UHTXHVWHG D GLDJQRVWLF WHVW EHIRUH SUHVFULELQJ

SUD]LTXDQWHO�

7KH FRVW RI D FRQVXOWDWLRQ WLFNHW ZDV VXEVWDQWLDOO\ KLJKHU LQ GLVWULFW KRVSLWDOV DQG SULYDWH

FOLQLFV FRPSDUHG WR KHDOWK FHQWUHV �7DEOH �����

Table 7.5: Mean costs of registration, diagnostic test, treatment and transportation for referral in different
types of health care facilities. If the health worker reported to refer patients for a diagnostic test or for buying

praziquantel, the costs of a diagnostic test and/or praziquantel in the referral centre were used. If health workers
referred to a health care facility outside the study sample or private clinic/pharmacy, we used the mean costs of a

diagnostic test or praziquantel in hospitals. Transportation costs are nil for patients that were not referred for
diagnostic test or treatment. Costs of diagnostic test are nil if a diagnostic test was not requested. 100 CFA =
0.15245 Euro.

Health care facility

District
hospital

Health centre Private clinic All

S. haematobium reported in area* 4 40 3 47

Consultation ticket 1.72 0.39 1.37 0.57

Urine centrifugation 0.90 0.13 1.07 0.26

4 praziquantel tablets 1.23 1.27 1.24 1.26
Transportation to other HCF 0.00 0.25 0.00 0.21

Total costs 3.85 2.04 3.68 2.30

S. mansoni reported in area** 2 17 2 21

Consultation ticket 1.52 0.37 0.53 0.50

Direct smear 0.65 0.15 0.65 0.25

4 praziquantel tablets 1.25 1.26 1.27 1.26
Transportation to other HCF 0.00 0.45 0.00 0.36

Total costs 3.42 2.23 2.45 2.37
* Three health centres with incomplete data were excluded
** Not included: data from 1 health centre that prescribed metronidazole for treatment

7R LQFUHDVH DFFHVVLELOLW\ WKHUH ZDV DQ H[HPSWLRQ V\VWHP� 6FKRROFKLOGUHQ GLG QRW SD\ IRU D

FRQVXOWDWLRQ WLFNHW LQ �� KHDOWK FHQWUHV DQG � GLVWULFW KRVSLWDOV� ,Q � KHDOWK FHQWUHV �DOO LQ

.RXOLNRUR UHJLRQ� WKH SULFH RI WKH FRQVXOWDWLRQ WLFNHW ZDV KDOI IRU VFKRROFKLOGUHQ� (OGHUO\

SHRSOH ZHUH H[HPSWHG IURP EX\LQJ D FRQVXOWDWLRQ WLFNHW LQ � KHDOWK FDUH IDFLOLWLHV� 2WKHU

H[HPSWLRQV ZHUH PLOLWDULHV �� KHDOWK FHQWUH� DQG SDXSHUV �� KHDOWK FHQWUHV�� 7KH PHDQ

FRVWV RI GLDJQRVWLF WHVWV ZHUH KLJKHU LQ GLVWULFW KRVSLWDOV DQG SULYDWH FOLQLFV� 7KLV ZDV

PDLQO\ GXH WR WKH XVH RI V\PSWRP�EDVHG WUHDWPHQW LQ PRVW KHDOWK FHQWUHV� 7KH UHDO FRVW RI

D GLDJQRVWLF WHVW �L�H� H[FOXGLQJ WKH KHDOWK FDUH IDFLOLWLHV ZKHUH D GLDJQRVWLF WHVW ZDV QRW

UHTXHVWHG� ZDV FRPSDUDEOH EHWZHHQ GLVWULFW KRVSLWDOV DQG KHDOWK FHQWUHV� ,W ZDV RQ DYHUDJH

���� (XUR �UDQJH ����−����� IRU D XULQH FHQWULIXJDWLRQ WHVW DQG ���� (XUR �UDQJH

����−����� IRU D GLUHFW VPHDU WHVW� $OVR� WKH DYHUDJH SULFH RI SUD]LTXDQWHO ZDV FRPSDUDEOH
EHWZHHQ GLVWULFW KRVSLWDOV DQG KHDOWK FHQWUHV� UHVSHFWLYHO\ ���� (XUR DQG ���� (XUR SHU
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WDEOHW ���� PJ�� 7KH FRVWV RI SUD]LTXDQWHO IRU DQ DGXOW �� WDEOHWV� FRQVWLWXWH DSSUR[LPDWHO\

��� RI WKH RYHUDOO FRVWV RI WUHDWPHQW�

�	
��

	��

2XU VWXG\ VKRZV WKDW WKH PDMRULW\ RI WKH KHDOWK ZRUNHUV KDG WKH NQRZOHGJH QHFHVVDU\ IRU

LGHQWLILFDWLRQ RI 6� KDHPDWRELXP SDWLHQWV DQG ZDV IDPLOLDU ZLWK WKH UHFRPPHQGHG WUHDWPHQW�

7KLV ZDV FRQILUPHG E\ WKH UHVXOWV RI WKH K\SRWKHWLFDO FDVHV� )ROORZLQJ WKH REMHFWLYHV RI

WKH 31/&6 DQG WKH :+2 UHFRPPHQGDWLRQV WR LQWHJUDWH VFKLVWRVRPLDVLV FRQWURO LQ

SULPDU\ KHDOWK FDUH IDFLOLWLHV �:+2� ������ PRVW KHDOWK FHQWUHV KDYH DGRSWHG WKH VWUDWHJ\

RI GLUHFW WUHDWPHQW IRU SDWLHQWV SUHVHQWLQJ ZLWK KDHPDWXULD� $OO KHDOWK FDUH IDFLOLWLHV ZLWK D

ODERUDWRU\ XVH D GLDJQRVWLF WHVW WR FRQILUP WKH V\PSWRP�EDVHG GLDJQRVLV� $V SUD]LTXDQWHO

LV ZLGHO\ DYDLODEOH� ZH FDQ VDIHO\ FRQFOXGH WKDW PRVW SDWLHQWV ZLWK V\PSWRPV UHODWHG WR 6�

KDHPDWRELXP LQIHFWLRQ FRXOG UHFHLYH SURSHU WUHDWPHQW ZKHQ WKH\ SUHVHQW DW WKH KHDOWK

V\VWHP� +RZHYHU� VWXGLHV GRQH LQ VHYHUDO VHWWLQJV� �7D\ORU HW DO�� ����� .DPXQYL DQG

)HUJXVRQ� ����� $PD]LJR HW DO�� ����� $U\HHWH\ HW DO�� ������ VKRZHG WKDW LQ PDQ\ HQGHPLF

DUHDV� VFKLVWRVRPLDVLV LV QRW FRQVLGHUHG DV D VHULRXV GLVHDVH� 7KLV ZDV DOVR FRQILUPHG E\ D

UHFHQW VWXG\ LQ 0DOL �/DQGRXUp� SHUVRQDO FRPPXQLFDWLRQ�� 7KH ORZ SHUFHLYHG VHULRXVQHVV

RI WKH V\PSWRPV SRVVLEO\ UHVXOWV LQ D VPDOO QXPEHU RI LQGLYLGXDOV VHHNLQJ KHDOWK FDUH IRU

V\PSWRPV UHODWHG WR 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ� RQO\ ��� RI LQGLYLGXDOV ZLWK

6� KDHPDWRELXP�UHODWHG FOLQLFDO PDQLIHVWDWLRQV SUHVHQW VSRQWDQHRXVO\ DW KHDOWK FHQWUHV� 7KH

31/&6 DQG WKH 1DWLRQDO &HQWUH IRU (GXFDWLRQ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ

�&1,(&6� DUH SODQQLQJ ZRUNVKRSV DW UHJLRQDO DQG GLVWULFW OHYHO IRU KHDOWK SHUVRQQHO DQG

VWDII RI ZDWHU GHYHORSPHQW VHFWRUV LQ RUGHU WR LPSURYH WKH NQRZOHGJH� DWWLWXGH DQG

SUDFWLFHV RQ WKH SUHYHQWLRQ DQG FRQWURO RI VFKLVWRVRPLDVLV DQG LQFUHDVH KHDOWK FDUH VHHNLQJ

IRU VFKLVRVRPLDVLV� /RFDO UDGLRV ZLOO DOVR EH XVHG WR EURDGFDVW KHDOWK HGXFDWLRQ PHVVDJHV�

7KH UHVXOWV RI WKH K\SRWKHWLFDO FDVHV FRQILUPHG WKDW SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV

UHODWHG WR 6� PDQVRQL LQIHFWLRQ DUH OHVV OLNHO\ WR EH GLDJQRVHG DV LQWHVWLQDO VFKLVWRVRPLDVLV

FDVH DQG WR UHFHLYH WUHDWPHQW ZLWK SUD]LTXDQWHO� 7KLV LV SUREDEO\ GXH WR WKH IDFW WKDW

EORRG\ GLDUUKRHD DQG DEGRPLQDO GLVFRPIRUW DUH QRW VSHFLILF IRU 6� PDQVRQL� 7KH

K\SRWKHWLFDO FDVHV ZHUH RIWHQ FRQVLGHUHG WR EH FDXVHG E\ DQRWKHU GLVHDVH �H�J� DPRHELDVLV��

7KH UHJLRQDO DQG GLVWULFW WUDLQLQJ ZRUNVKRSV ZLOO DGGUHVV WKLV LVVXH LQ HPSKDVLVLQJ WKH

DSSOLFDWLRQ LQ VFKLVWRVRPLDVLV HQGHPLF DUHDV RI V\VWHPDWLF WUHDWPHQW RI SDWLHQWV SUHVHQWLQJ

DW KHDOWK FHQWUHV ZLWK EORRG\ GLDUUKRHD DQG DEGRPLQDO GLVFRPIRUW� LQLWLDOO\ ZLWK 3=4� DQG

VXEVHTXHQW UHIHUUDO WR GLVWULFW OHYHO LQ FDVH RI QRQ UHVSRQVH WR WUHDWPHQW� +RZHYHU� WKH

FRVW RI UHIHUUDO IRU D GLDJQRVWLF WHVW LV VXEVWDQWLDOO\ KLJK� ����� (XUR�� 7KHUH LV D QHHG IRU

SROLF\ GHFLVLRQ WR EH PDGH LQ RUGHU WR PDNH GLDJQRVWLF DQG WUHDWPHQW DW KHDOWK FHQWUHV

FKHDSHU DQG PRUH DWWUDFWLYH WR LQGLYLGXDO ZLWK FOLQLFDO PDQLIHVWDWLRQV�

$OO LQ DOO� V\PSWRP�EDVHG GLUHFW WUHDWPHQW LV FRQVLGHUHG WKH PRVW VXLWDEOH VWUDWHJ\ IRU

KHDOWK ZRUNHUV LQ UXUDO KHDOWK FHQWUHV� $V PRVW VFKLVWRVRPLDVLV SDWLHQWV DUH WUHDWHG DW

KHDOWK FHQWUH OHYHO LQ 0DOL� GLUHFW WUHDWPHQW LV WKH PRVW IUHTXHQWO\ DSSOLHG FDVH

PDQDJHPHQW VWUDWHJ\� 7KH 31/&6 LQ DQ DFWLRQ SODQ IRU WKH QH[W � \HDUV LV SODQQLQJ WR
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LPSURYH WKLV VWUDWHJ\ ZLWK WKH DSSOLFDWLRQ RI UHDJHQW VWULS WHVWLQJ IRU KDHPDWXULD DW

&RPPXQLW\ +HDOWK &HQWUHV� ZKHUH ODERUDWRU\ IDFLOLWLHV DUH QRW DYDLODEOH� 3UHYLRXV VWXGLHV

LQ PL[HG 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ DUHDV LQ 0DOL VKRZHG WKDW PRUH WKDQ ���

RI LQGLYLGXDOV LQIHFWHG ZLWK 6� PDQVRQL DUH DOVR LQIHFWHG ZLWK 6� KDHPDWRELXP �7UDRUp� ������

7UHDWPHQW RI LQGLYLGXDOV IRXQG SRVLWLYH DW UHDJHQW VWULS WHVWLQJ IRU PLFURKHDPDWXULD LV

FRQVLGHUHG DV DQ HIILFLHQW ZD\ WR FRQWURO ERWK XULQDU\ DQG LQWHVWLQDO VFKLVWRVRPLDVLV LQ WKH

0DOLDQ FRQWH[W� $ V\VWHP LV EHHQ SXW LQ SODFH E\ WKH 31/&6 WR PRQLWRU WKH LPSDFW RI WKLV

VWUDWHJ\�

:+2 UHFRPPHQGV WKH XVH RI XULQH VHGLPHQWDWLRQ� FHQWULIXJDWLRQ RU ILOWUDWLRQ IRU

ODERUDWRU\ GLDJQRVLV RI 6� KDHPDWRELXP LQIHFWLRQ DQG WKH .DWR .DW] PHWKRG IRU GLDJQRVLV

RI 6� PDQVRQL �:+2� ������ $FFRUGLQJO\� WKH 31/&6 KDV WUDLQHG ODERUDWRU\ WHFKQLFLDQV LQ

WKH XULQH ILOWUDWLRQ WHFKQLTXH IRU 6� KDHPDWRELXP GLDJQRVLV DQG WKH .DWR�.DW] PHWKRG IRU 6�

PDQVRQL GLDJQRVLV DQG SURYLGHG VXSSOLHV RI WKH QHFHVVDU\ PDWHULDOV LQ WKH ����V� 2XU VWXG\

VKRZHG WKDW VHYHUDO \HDUV DIWHU WKH HQG RI WKH WUDLQLQJ� QRQH RI WKH ODERUDWRULHV ZHUH XVLQJ

WKH UHFRPPHQGHG GLDJQRVWLF PHWKRGV DQG GLDJQRVWLF PDWHULDOV ZHUH OHIW XQXVHG RQ WKH

VKHOYHV� ,QVWHDG� WKH WHFKQLFLDQV SUHIHUUHG WKH XULQH FHQWULIXJDWLRQ WHVW IRU 6� KDHPDWRELXP

HJJV DQG WKH GLUHFW VPHDU WHVW IRU GLDJQRVLV RI 6� PDQVRQL HJJV� 7KH PDLQ UHDVRQV JLYHQ DUH

WKH H[WUD WLPH QHHGHG WR SHUIRUP XULQH ILOWUDWLRQ DQG .DWR�.DW] WHFKQLTXH DV FRPSDUHG WR

GLUHFW H[DPLQDWLRQ� WKH UHODWLYHO\ KLJK FRVW RI WKH PDWHULDOV DQG WKH OLPLWHG VHQVLWLYLW\ IRU

GHWHFWLQJ RWKHU SDWKRORJLFDO FKDQJHV� +RZHYHU� WKH .DWR�.DW] DQG WKH XULQH ILOWUDWLRQ

WHFKQLTXHV DUH PRUH VHQVLWLYH IRU WKH LGHQWLILFDWLRQ RI VFKLVWRVRPH HJJV� GLUHFW

H[DPLQDWLRQ RI XULQH DQG VWRRO VDPSOHV OHDYH D KLJK SURSRUWLRQ RI LQIHFWHG LQGLYLGXDOV

XQGLDJQRVHG� 7KH 31/&6 FRQVLGHUV WKH DSSOLFDWLRQ RI WKH XULQH ILOWUDWLRQ WHVW DQG WKH

.DWR�.DW] PHWKRG DV D PXVW IRU WKH GLDJQRVLV RI VFKLVWRVRPLDVLV DW GLVWULFW OHYHO� 7KH

31/&6 KDV SODQQHG WR PDNH WHVW PDWHULDOV DYDLODEOH DW DIIRUGDEOH SULFH LQ DOO GLVWULFWV DQG

FRQGXFW FRQWLQXRXV WUDLQLQJ DQG VXSHUYLVLRQ RQ WKH TXDOLW\ RI WHVW SHUIRUPDQFH�

3UD]LTXDQWHO ZDV DYDLODEOH LQ PRVW KHDOWK FDUH IDFLOLWLHV LQGLFDWLQJ WKDW WKH PDMRULW\ RI WKH

ORFDO KHDOWK FRPPLWWHHV IHOW WKDW WKH GUXJ LV LPSRUWDQW DQG VKRXOG EH LQ VWRFN DQG WKDW WKH

VXSSO\ V\VWHP E\ WKH 1DWLRQDO DQG 5HJLRQDO SKDUPDFLHV ZDV UHOLDEOH� 7KH IHZ KHDOWK FDUH

IDFLOLWLHV ZKHUH SUD]LTXDQWHO ZDV QRW DYDLODEOH KDG QRQH RU RQO\ IHZ UHJLVWHUHG

VFKLVWRVRPLDVLV SDWLHQWV LQ WKH \HDU ����� 7KH\ SUHIHUUHG WR UHIHU WKHLU SDWLHQWV WR D SULYDWH

SKDUPDF\ GXH WR WKH ORZ SURILW PDUJLQ RQ SUD]LTXDQWHO DQG OLPLWHG H[SLU\ WLPH� 7KH FRVW

RI SUD]LTXDQWHO ZDV UHODWLYHO\ KLJK ����� (XUR� DQG PDGH XS ��� RI WKH WRWDO FRVWV� 'XULQJ

WKH HDUO\ SKDVH RI VFKLVWRVRPLDVLV FRQWURO� SUD]LTXDQWHO ZDV UHJXODUO\ GLVWULEXWHG IUHH RI

FKDUJH E\ WKH 31/&6 LQ RUGHU WR FRYHU D ODUJH SURSRUWLRQ RI WKH SRSXODWLRQ �XQWLO ������

7KHUHDIWHU LW ZDV LQFOXGHG LQ WKH FRVW�UHFRYHU\ V\VWHP� ,W LV XQNQRZQ ZKHWKHU WKLV KDV

DIIHFWHG WKH QXPEHU RI LQGLYLGXDOV EHLQJ WUHDWHG DV KDV EHHQ UHSRUWHG IRU RWKHU GLVHDVHV LQ

*KDQD �:DGGLQJWRQ DQG (Q\LPD\HZ� ����� %LULWZXP� ������

7KH WRWDO FRVW RI WUHDWPHQW IRU VFKLVWRVRPLDVLV �UHJLVWUDWLRQ� GLDJQRVWLF WHVW DQG GUXJV�

VHHPV FRQVLGHUDEOH JLYHQ WKH *13 RI 86' ��� SHU FDSLWD LQ WKH \HDU ���� LQ 0DOL �,0)

FRXQWU\ UHSRUW 1R� ����� -DQXDU\ ������ 7KLV FRXOG KDYH D QHJDWLYH LQIOXHQFH RQ WKH
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DFFHVV RI WUHDWPHQW� 3DWLHQWV PLJKW SUHIHU WR YLVLW WUDGLWLRQDO KHDOHUV� DV UHSRUWHG E\ WKH

KHDOWK ZRUNHUV LQ RXU VWXG\� 7KH\ HVWLPDWHG WKDW IRU FRPSODLQWV UHODWHG WR VFKLVWRVRPH

LQIHFWLRQ� VXFK DV KDHPDWXULD DQG EORRG\ GLDUUKRHD� D ODUJH SURSRUWLRQ RI SDWLHQWV �����

SUREDEO\ ILUVW YLVLWHG D WUDGLWLRQDO KHDOHU EHIRUH FRQWDFWLQJ WKH KHDOWK FDUH IDFLOLW\� $V

SUD]LTXDQWHO LV WKH RQO\ HIIHFWLYH GUXJ FXUUHQWO\ DYDLODEOH IRU WKH WUHDWPHQW RI

VFKLVWRVRPLDVLV� VHHNLQJ ILUVW WKH WUHDWPHQW RI WUDGLWLRQDO KHDOHUV ZLOO GHOD\ SURSHU FXUH DW

KHDOWK FHQWUHV�

,Q FRQFOXVLRQ� DIWHU D FRQVLGHUDEOH HIIRUW WR LQWHJUDWH VFKLVWRVRPLDVLV FRQWURO LQ 0DOL�

SDVVLYH FDVH GHWHFWLRQ E\ WKH KHDOWK V\VWHP LV IXQFWLRQLQJ VDWLVIDFWRULO\� HVSHFLDOO\ IRU 6�

KDHPDWRELXP� 7KH VLWXDWLRQ LQ 0DOL LV FRPSDUDEOH WR WKDW LQ 1RUWKHUQ 6HQHJDO DW WKH HQG RI

D (XURSHDQ 8QLRQ VXSSRUWHG SURJUDPPH WR LPSURYH VFKLVWRVRPLDVLV FRQWURO �9DQ GHU

:HUI HW DO�� ����E� DQG PXFK EHWWHU WKDQ LQ *KDQD ZKHUH D QDWLRQDO VFKLVWRVRPLDVLV

FRQWURO SURJUDPPH GRHV QRW H[LVW �9DQ GHU :HUI HW DO�� LQ SUHVV�D�� 7KHUH LV D QHHG IRU

FRQWLQXRXV WUDLQLQJ RI KHDOWK SHUVRQQHO IRU D IXOO XQGHUVWDQGLQJ DQG D ULJRURXV

LPSOHPHQWDWLRQ RI WKH V\PSWRP�EDVHG WUHDWPHQW DSSURDFK FRPELQHG ZLWK WKH DSSOLFDWLRQ

RI UHDJHQW VWULS WHVWLQJ IRU PLFUR�KDHPDWXULD DV D PLQLPXP SDFNDJH RI FDUH DW DOO

&RPPXQLW\ +HDOWK &HQWUHV� 8ULQH ILOWUDWLRQ DQG WKH .DWR�.DW] WHFKQLTXH VKRXOG UHPDLQ

VWDQGDUG GLDJQRVWLF WHFKQLTXHV DW GLVWULFW OHYHO�

7KH DYDLODELOLW\ RI SUD]LTXDQWHO DW DIIRUGDEOH SULFH DQG WKH LPSOHPHQWDWLRQ RI D SURSHU

KHDOWK HGXFDWLRQ SURJUDPPH DUH QHFHVVDU\ DFFRPSDQ\LQJ PHDVXUHV� $V FRVW LV WKH NH\

LVVXH� WKH 31/&6 LV SUHSDULQJ DQ DFWLRQ SODQ SURSRVLQJ WKDW GLDJQRVLV DQG WUHDWPHQW ZLWK

SUD]LTXDQWHO VKRXOG EH IUHH IRU VFKRRO�DJHG FKLOGUHQ� WKH PRVW DIIHFWHG DQG WKH WDUJHW

JURXS IRU PRUELGLW\ FRQWURO� $ SROLF\ GHFLVLRQ QHHGV WR EH PDGH RQ ZKR VKRXOG EHDU WKH

FRVW RI WKLV VWUDWHJ\�

���������������


:H JUDWHIXOO\ DFNQRZOHGJH WKH KHDOWK FDUH ZRUNHUV IURP WKH GLVWULFWV 1LRQR� %DQGLDJDUD�

.RORQGLHED� .RORNDQL DQG %DQDPED ZKR SDUWLFLSDWHG LQ WKH VWXG\ DQG 6� .HLWD DQG 6�

'RXPELD ZKR DVVLVWHG ZLWK WKH ILHOGZRUN� :H DOVR WKDQN 3URI 'U -�'�)� +DEEHPD IRU

FULWLFDO FRPPHQWV�

7KH ILHOGZRUN ZDV VXSSRUWHG E\ WKH )RXQGDWLRQ 
9HUHQLJLQJ 7UXVWIRQGV (UDVPXV

8QLYHUVLWHLW 5RWWHUGDP
 LQ 7KH 1HWKHUODQGV� 7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH

1:2�:2752 IXQGHG PXOWLGLVFLSOLQDU\ SURJUDPPH 
0RGHO�EDVHG GHFLVLRQ VXSSRUW IRU

VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL� 1LJHU DQG 6HQHJDO
�
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9DQ GHU :HUI� 0� -�� 0ED\H� $�� 6RZ� 6�� *U\VHHOV� %� DQG 'H 9ODV� 6� -� ������� (YDOXDWLRQ

RI VWDII SHUIRUPDQFH DQG PDWHULDO UHVRXUFHV IRU LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO LQ

1RUWKHUQ 6HQHJDO�� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������
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%$&.*5281'� $ SURMHFW WR LPSURYH LQWHJUDWHG FRQWURO RI VFKLVWRVRPLDVLV LQ WKH

SULPDU\ KHDOWK FDUH V\VWHP RI 1RUWKHUQ 6HQHJDO ZDV LPSOHPHQWHG IURP )HEUXDU\ ����

XQWLO 6HSWHPEHU ����� VKRUWO\ DIWHU D 6FKLVWRVRPD PDQVRQL RXWEUHDN� 7KH DFWLYLWLHV LQFOXGHG

DGGLWLRQDO WUDLQLQJ RI GRFWRUV DQG QXUVHV LQ V\PSWRP�EDVHG WUHDWPHQW DQG PDNLQJ

SUD]LTXDQWHO �3=4� DYDLODEOH IRU DQ DIIRUGDEOH SULFH�

2%-(&7,9(� 7R LQYHVWLJDWH VWDII SHUIRUPDQFH DQG WKH DYDLODELOLW\ DQG FRVWV RI GLDJQRVWLF

PDWHULDOV DQG 3=4 DW WKH HQG RI WKLV LQWHUYHQWLRQ SURMHFW�

0(7+2'6� :H SHUIRUPHG VWUXFWXUHG LQWHUYLHZV ZLWK VWDII IURP �� KHDOWK FDUH IDFLOLWLHV

LQ ILYH GLVWULFWV�

5(68/76� 5HVSRQGHQWV IURP �� KHDOWK FDUH IDFLOLWLHV UHSRUWHG ERWK 6� KDHPDWRELXP DQG 6�

PDQVRQL LQ WKH FRYHUDJH DUHD� �� UHSRUWHG RQO\ 6� KDHPDWRELXP DQG WKUHH RQO\ 6� PDQVRQL� 7KH

DYHUDJH FRVWV WR SDWLHQWV IRU FRQVXOWDWLRQ� GLDJQRVLV� WUHDWPHQW DQG WUDQVSRUWDWLRQ WR D

UHIHUUDO KHDOWK FDUH IDFLOLW\ ZHUH DSSUR[LPDWHO\ ���� (XUR� )LIW\�VHYHQ SHU FHQW RI WKH

KHDOWK FDUH IDFLOLWLHV ZLWK UHSRUWHG 6� KDHPDWRELXP LQ WKH FRYHUDJH DUHD WUHDWHG SDWLHQWV

SUHVHQWLQJ ZLWK KDHPDWXULD RQ V\PSWRPV� ��� RI WKH KHDOWK FDUH IDFLOLWLHV ZLWK UHSRUWHG 6�

PDQVRQL LQ WKH FRYHUDJH DUHD WUHDWHG SDWLHQWV SUHVHQWLQJ ZLWK EORRG LQ VWRRO RQ V\PSWRPV�

7KLUWHHQ SHU FHQW SHUIRUPHG D GLDJQRVWLF WHVW IRU SDWLHQWV SUHVHQWLQJ ZLWK KDHPDWXULD DQG

��� IRU SDWLHQWV SUHVHQWLQJ ZLWK EORRG LQ VWRRO� 7KH UHPDLQGHU� DSSUR[LPDWHO\ RQH�WKLUG

RI WKH KHDOWK FDUH IDFLOLWLHV� UHIHUUHG WKHLU SDWLHQWV WR DQRWKHU IDFLOLW\ IRU D GLDJQRVWLF WHVW�

,PSOHPHQWDWLRQ RI V\PSWRP�EDVHG WUHDWPHQW LQ DOO KHDOWK FDUH IDFLOLWLHV ZLOO UHGXFH WKH

WRWDO FRVWV E\ ���� (XUR ����� IRU SDWLHQWV LQIHFWHG ZLWK 6� KDHPDWRELXP DQG ���� (XUR

����� IRU SDWLHQWV LQIHFWHG ZLWK 6� PDQVRQL� 2I WKH �� KHDOWK FDUH IDFLOLWLHV ZLWK

VFKLVWRVRPLDVLV LQ WKHLU DUHD� �� KDG 3=4 LQ VWRFN RI ZKLFK �� ����� VROG 3=4 IRU WKH

UHFRPPHQGHG UHWDLO SULFH RI ���� (XUR SHU WDEOHW �RU ���� (XUR SHU FRXUVH RI IRXU WDEOHWV�

RU ORZHU�

&21&/86,21� )RXU \HDUV DIWHU WKH VWDUW RI WKH LQWHUYHQWLRQ SURMHFW� SDWLHQWV SUHVHQWLQJ

ZLWK VFKLVWRVRPLDVLV UHODWHG V\PSWRPV FDQ JHQHUDOO\ H[SHFW SURSHU GLDJQRVLV DQG

WUHDWPHQW DW DOO OHYHOV RI WKH KHDOWK FDUH V\VWHP LQ 1RUWKHUQ 6HQHJDO� HLWKHU DW WKH LQLWLDO

YLVLWHG KHDOWK FDUH IDFLOLW\ RU DIWHU UHIHUUDO� +RZHYHU� D IXUWKHU UHGXFWLRQ RI WKH WRWDO FRVWV

RI WUHDWPHQW LV VWLOO SRVVLEOH E\ D EHWWHU LPSOHPHQWDWLRQ RI V\PSWRP�EDVHG WUHDWPHQW DQG

IXUWKHU UHGXFWLRQ RI WKH FRVWV RI 3=4�
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7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ 1RUWKHUQ 6HQHJDO KDV FKDQJHG FRQVLGHUDEO\ LQ WKH

SDVW GHFDGH� 8QWLO ����� 6FKLVWRVRPD KDHPDWRELXP ZDV WKH RQO\ 6FKLVWRVRPD VSHFLHV UHSRUWHG LQ

WKLV DUHD �&KDLQH DQG 0DOHN� ����� 9HUFUX\VVH HW DO�� ������ $IWHU WKH FRQVWUXFWLRQ RI WZR

GDPV� 7DOOD HW DO� ������ ����� UHSRUWHG DQ RXWEUHDN RI 6� PDQVRQL LQIHFWLRQ LQ WKH GLVWULFW RI

5LFKDUG�7ROO� 1RUWKHUQ 6HQHJDO� 7KH GHYHORSPHQW RI D KLJK SUHYDOHQFH DQG LQWHQVLW\ RI

LQIHFWLRQ ZLWKLQ WKUHH \HDUV FRPELQHG ZLWK IUHTXHQW RFFXUUHQFH RI HDUO\ GLVHDVH

PDQLIHVWDWLRQV �DEGRPLQDO SDLQ DQG GLDUUKRHD� �6WHOPD HW DO�� ����� 6WHOPD HW DO�� �����

6WHOPD HW DO�� ����� 3LFTXHW HW DO�� ����� .RQJV HW DO�� ����� FDOOHG IRU UDSLG DQG DGHTXDWH

FRQWURO VWUDWHJLHV� $Q LQFUHDVH LQ WKH SUHYDOHQFH RI 6� KDHPDWRELXP LQ WKH UHJLRQ RI 6W /RXLV�

1RUWKHUQ 6HQHJDO ZDV DOVR UHSRUWHG �9HUOp HW DO�� ����� 3LFTXHW HW DO�� ����� (UQRXOG DQG %D�

������

2YHU WKH SDVW GHFDGHV� HPSKDVLV LQ VFKLVWRVRPLDVLV FRQWURO KDV VKLIWHG WR FKHPRWKHUDS\�

EDVHG PRUELGLW\ FRQWURO �:+2� ������ 'XULQJ WKH ILUVW \HDUV DIWHU SUD]LTXDQWHO �3=4�

EHFDPH DYDLODEOH� WKLV QHZ VWUDWHJ\ HQWDLOHG PDLQO\ ODUJH�VFDOH FKHPRWKHUDS\ FDPSDLJQV�

7KH LQLWLDO RXWFRPH RI WKHVH YHUWLFDO SURMHFWV ZDV D FRQVLGHUDEOH UHGXFWLRQ RI LQIHFWLRQ

UDWHV DQG PRUELGLW\� +RZHYHU� WKH VXVWDLQDELOLW\ RI WKHVH UHVXOWV ZDV RIWHQ GLVDSSRLQWLQJ�

GXH WR UDSLG UH�LQIHFWLRQ DQG KLJK FRVWV �*U\VHHOV� ������ ,W EHFDPH FOHDU WKDW WKHUH ZDV D

QHHG IRU ORQJ�WHUP VWUDWHJLHV WR DFKLHYH D ODVWLQJ UHGXFWLRQ RI LQIHFWLRQ UDWHV DQG

PRUELGLW\� $V YHUWLFDO SURMHFWV DUH H[SHQVLYH DQG GLIILFXOW WR PDLQWDLQ RYHU ORQJ SHULRGV�

:+2 KDV UHFRPPHQGHG LQWHJUDWLQJ VFKLVWRVRPLDVLV FRQWURO LQ WKH SULPDU\ KHDOWK FDUH

VWUXFWXUHV �:+2� ������ $FFHVV WR GUXJV LV D NH\ HOHPHQW RI D VXFFHVVIXO FRQWURO SURJUDP�

,Q WKH :+2 PHGLFLQH VWUDWHJ\ WKLV LV GHILQHG DV UDWLRQDO VHOHFWLRQ DQG XVH RI GUXJV�

DIIRUGDEOH SULFHV� UHOLDEOH VXSSO\ V\VWHPV DQG VXVWDLQDEOH ILQDQFLQJ� 6XVWDLQDEOH ILQDQFLQJ

LV DVVXUHG LQ 6HQHJDO E\ D FRVW UHFRYHU\ V\VWHP EDVHG RQ WKH %DPDNR LQLWLDWLYH �'LDOOR HW DO��

������

%DVHG RQ H[SHULHQFHV LQ WKH FRXQWU\ DQG HOVHZKHUH� DQG DFFRUGLQJ WR QDWLRQDO SROLFLHV� WKH

KHDOWK DXWKRULWLHV RI 1RUWKHUQ 6HQHJDO RSWHG IRU PD[LPXP LQWHJUDWLRQ RI VFKLVWRVRPLDVLV

FRQWURO LQ WKH H[LVWLQJ KHDOWK FDUH VWUXFWXUHV� 7KH LQLWLDO VWUDWHJ\ ZDV SDVVLYH FDVH GHWHFWLRQ

DQG WUHDWPHQW� L�H� SDWLHQWV ZKR UHSRUWHG ZLWK LQWHVWLQDO V\PSWRPV SRVVLEO\ UHODWHG WR

6� PDQVRQL LQIHFWLRQ ZHUH SUHVFULEHG 3=4 RU R[DPQLTXLQH �.RQJV HW DO�� ������ $W WKH

EHJLQQLQJ RI WKH HSLGHPLF� SDWLHQWV FRXOG EX\ WKHLU PHGLFDWLRQ DW WZR SULYDWH SKDUPDFLHV

IRU DSSUR[LPDWHO\ 86� ��� +RZHYHU� WKHVH SKDUPDFLHV RIWHQ UDQ RXW RI VWRFN� $IWHU �����

H[WUD FRQWURO PHDVXUHV ZHUH LQWURGXFHG WR GLPLQLVK WKH SUHYDOHQFH DQG PRUELGLW\ FDXVHG

E\ VFKLVWRVRPLDVLV� VXFK DV KHDOWK HGXFDWLRQ RI WKH FRPPXQLW\ DQG LQFUHDVLQJ WKH

DYDLODELOLW\ RI 3=4 LQ WKH DUHD� DQG WKHUH ZHUH OLPLWHG DWWHPSWV WR LQWURGXFH VQDLO FRQWURO��

,Q )HEUXDU\ ����� WKH 5HJLRQDO +HDOWK $XWKRULWLHV LQ 6W /RXLV VWDUWHG D SURJUDPPH�

VXSSRUWHG E\ WKH (XURSHDQ 8QLRQ� WR LPSURYH VFKLVWRVRPLDVLV FRQWURO LQ WKH DUHD E\

VWUHQJWKHQLQJ RI SULPDU\ KHDOWK FDUH� 7KH SURMHFW PDLQO\ DLPHG DW LPSURYLQJ TXDOLW\ DQG

DFFHVVLELOLW\ RI V\PSWRP�EDVHG WUHDWPHQW IRU VFKLVWRVRPLDVLV DQG KHDOWK HGXFDWLRQ DW WKH

FRPPXQLW\ OHYHO� 3=4 ZDV PDGH DYDLODEOH DW D UHGXFHG SULFH DW DOO OHYHOV RI WKH SULPDU\



C H A P T E R  9

���

KHDOWK FDUH� 6LQFH -DQXDU\ ����� WKH 5HJLRQDO +HDOWK $XWKRULWLHV UHFRPPHQG D UHWDLO SULFH

RI ���� (XUR SHU 3=4 WDEOHW DQG D GRVH RI �� PJ�NJ ERG\ZHLJKW� +RZHYHU� KHDOWK

FRPPLWWHHV DUH IUHH WR LPSOHPHQW WKH QHZ SULFH SROLF\� 0RUHRYHU� KHDOWK ZRUNHUV ZHUH

WUDLQHG LQ GLDJQRVLV DQG WUHDWPHQW RI VFKLVWRVRPLDVLV SDWLHQWV DQG HTXLSSHG ZLWK

PLFURVFRSHV DQG KDHPDVWLFNV� 1XUVHV DQG VDQLWDU\ DJHQWV ZRUNLQJ LQ KLJK HQGHPLF DUHDV

ZHUH WUDLQHG WR WUHDW VFKLVWRVRPLDVLV SDWLHQWV RQ V\PSWRPV� KDHPDWXULD IRU 6� KDHPDWRELXP

DQG EORRG\ GLDUUKRHD� EORRG LQ VWRRO RU GLDUUKRHD ZLWKRXW IHYHU DQG�RU H[WUHPH SDOHQHVV

RI WKH PXFRXV PHPEUDQH IRU 6� PDQVRQL� 7KLV VWUDWHJ\ ZDV LQFOXGHG LQ WKH DOJRULWKPV XVHG

E\ WKH QXUVHV DQG VDQLWDU\ DJHQWV� )XUWKHUPRUH� KHDOWK HGXFDWLRQ PDWHULDOV ZHUH SUHSDUHG

DQG DSSOLHG ZLWK WKH DLP WR LQFUHDVH DZDUHQHVV RI WKH V\PSWRPV RI VFKLVWRVRPLDVLV DQG RI

WKH WUDQVPLVVLRQ F\FOH� 7KHUH ZHUH IRXU DSSURDFKHV� WKH GHYHORSPHQW DQG GLVWULEXWLRQ RI

HGXFDWLRQDO PDWHULDOV WR VFKRROFKLOGUHQ �LQ FROODERUDWLRQ ZLWK WKH HGXFDWLRQ VHFWRU�� WKH

SURGXFWLRQ RI DQ HGXFDWLRQDO YLGHR ILOP� WKH GHYHORSPHQW DQG GLVWULEXWLRQ RI SRVWHUV DQG

ELOOERDUGV DQG EURDGFDVWLQJ RI UDGLR SURJUDPPHV� %HVLGHV WKLV� WKHUH ZHUH HIIRUWV E\ RWKHU

VHFWRUV� VXFK DV SURJUDPPHV IRU ZDWHU VXSSO\ DQG WKH FRQVWUXFWLRQ RI ODWULQHV�

,Q WKLV VWXG\� ZH HYDOXDWHG WKH LPSDFW RI WKH LQWHUYHQWLRQ SURMHFW RQ FXUDWLYH KHDOWK FDUH�

:H GHWHUPLQHG WKH RSWLRQV IRU WUHDWPHQW DQG GLDJQRVLV DQG WKH NQRZOHGJH RI V\PSWRPV

UHODWHG WR VFKLVWRVRPLDVLV LQIHFWLRQ DW DOO OHYHOV RI WKH KHDOWK FDUH V\VWHP� HYDOXDWHG WKH

LPSOHPHQWDWLRQ RI WKH SULFH UHGXFWLRQ IRU 3=4� GHWHUPLQHG WKH DYDLODELOLW\ RI GLDJQRVWLF

PDWHULDOV� FRXQWHG WKH QXPEHU RI 3=4 WDEOHWV DYDLODEOH DQG FDOFXODWHG WKH WRWDO FRVWV RI

WUHDWPHQW IRU WKH SDWLHQW�


�����


6WXG\ DUHD

7KH VWXG\ ZDV FRQGXFWHG LQ 0D\ ����� LQ WKH UHJLRQ 6W /RXLV LQ 1RUWKHUQ 6HQHJDO �)LJXUH

����� VLWXDWHG DORQJ VLGH WKH 6HQHJDO 5LYHU� 7KH UHJLRQ LV VXEGLYLGHG LQWR ILYH GLVWULFWV�

6W /RXLV �������� LQKDELWDQWV�� 5LFKDUG 7ROO �������� LQKDELWDQWV�� 'DJDQD �������

LQKDELWDQWV�� 3RGRU �������� LQKDELWDQWV� DQG 0DWDP �������� LQKDELWDQWV� �HVWLPDWHV IRU

������

+HDOWK V\VWHP

7KH KHDOWK VHUYLFHV LQ 1RUWKHUQ 6HQHJDO DUH RUJDQLVHG DFFRUGLQJ WR WKH SULPDU\ KHDOWK FDUH

SULQFLSOH �:+2� ������ ZKLFK LPSOLHV WKDW KHDOWK FDUH IDFLOLWLHV SURYLGH SULPDU\ RU

VHFRQGDU\ KHDOWK FDUH IRU D VSHFLILHG SRSXODWLRQ� 7KH QXPEHU RI SHRSOH IRUPDOO\ FRYHUHG

E\ WKH KHDOWK FDUH IDFLOLW\ ZDV UHSRUWHG E\ WKH SHUVRQ LQ FKDUJH�

(DFK GLVWULFW FRQWDLQV RQH KHDOWK FHQWUH DQG D QXPEHU RI KHDOWK SRVWV� ZKLFK YDULHV IURP

�� WR �� GHSHQGLQJ RQ WKH VL]H RI WKH GLVWULFW� ,Q HDFK KHDOWK FHQWUH WKHUH LV DW OHDVW RQH

PHGLFDO GRFWRU LQ FKDUJH RI DOO DFWLYLWLHV RFFXUULQJ ZLWKLQ WKH KHDOWK FHQWUH DQG LQ WKH

KHDOWK SRVWV LQ WKH VDPH GLVWULFW� 7KH KHDOWK SRVWV DUH VWDIIHG ZLWK QXUVHV RU VDQLWDU\ DJHQWV

KHOSHG E\ QXUVH DVVLVWDQWV� 7KHLU PDLQ WDVN LV SURYLGLQJ VLPSOH SULPDU\ FDUH WR WKHLU
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FRYHUDJH SRSXODWLRQ� &DVHV ZKLFK FDQ QRW EH KDQGOHG DW KHDOWK SRVWV DUH UHIHUUHG WR WKH

QH[W OHYHO� WKH KHDOWK FHQWUH� 7KHVH DUH HTXLSSHG WR JLYH FXUDWLYH DQG SUHYHQWLYH VHUYLFHV DW

SULPDU\ FDUH OHYHO� &RPSOLFDWHG FDVHV �LQFOXGLQJ WKH ORQJ�WHUP FRPSOLFDWLRQV RI

VFKLVWRVRPLDVLV� DUH UHIHUUHG WR WKH KRVSLWDOV�

Figure 8.1: Map of study area, Northern Senegal

6W /RXLV UHJLRQ KDV WKUHH KRVSLWDOV� WKH UHJLRQDO KRVSLWDO LQ WKH FLW\ RI 6W /RXLV� D GLVWULFW

KRVSLWDO LQ 1GLRXP �3RGRU� DQG D GLVWULFW KRVSLWDO LQ 2XURVVRJXL �0DWDP�� 7KH UHJLRQDO

KRVSLWDO LQ 6W /RXLV HPSOR\V �� PHGLFDO GRFWRUV ZKR SURYLGH VHFRQGDU\ FDUH� ZKLFK

LQFOXGHV JHQHUDO PHGLFLQH� VXUJHU\� SDHGLDWULFV� REVWHWULFV DQG J\QDHFRORJ\� HWF� ,W

IXQFWLRQV DV WKH UHIHUUDO KRVSLWDO IRU WKH HQWLUH SRSXODWLRQ OLYLQJ LQ WKH UHJLRQ RI 6W /RXLV�

������� LQKDELWDQWV� 7KH GLVWULFW KRVSLWDO LQ 3RGRU HPSOR\V WKUHH GRFWRUV� WKH KRVSLWDO LQ

0DWDP� WZR� 7KH\ SURYLGH VLPSOH VHFRQGDU\ FDUH WR WKH WRWDO SRSXODWLRQ RI WKHVH GLVWULFWV�

$ KHDOWK FHQWUH QRUPDOO\ SURYLGHV SULPDU\ KHDOWK FDUH WR WKH WRWDO SRSXODWLRQ OLYLQJ LQ D

GLVWULFW� +RZHYHU� GXH WR WKH SUHVHQFH RI WKH GLVWULFW KRVSLWDOV LQ 3RGRU DQG 0DWDP� WKH

KHDOWK FHQWUHV LQ WKHVH GLVWULFWV RQO\ FRYHU WKH SRSXODWLRQ OLYLQJ QHDUE\� 7KHUH DUH IRXU

SULYDWH FOLQLFV LQ WKH GLVWULFW RI 6W /RXLV� RQH LQ WKH GLVWULFW RI 5LFKDUG 7ROO DQG RQH LQ WKH

GLVWULFW RI 3RGRU� 2WKHU KHDOWK FDUH IDFLOLWLHV LQ WKH UHJLRQ RI 6W /RXLV LQFOXGH &KULVWLDQ

FKDULW\ GLVSHQVDULHV DQG WKH KHDOWK VHUYLFH RI WKH VXJDUFDQH IDFWRU\ LQ 5LFKDUG 7ROO� 6HH

$SSHQGL[ IRU DQ RYHUYLHZ RI KHDOWK FDUH IDFLOLWLHV YLVLWHG�



C H A P T E R  9

���

,Q ����� WKH 6HQHJDOHVH 0LQLVWU\ RI +HDOWK LQWURGXFHG D FRVW UHFRYHU\ V\VWHP IRU GUXJV

DFFRUGLQJ WR WKH %DPDNR ,QLWLDWLYH �'LDOOR HW DO�� ������ )RU 6HQHJDO WKLV LPSOLHG WKDW KHDOWK

FDUH IDFLOLWLHV EX\ JHQHULF GUXJV DW WKH 1DWLRQDO RU 5HJLRQDO 3KDUPDF\� 7KH\ FDQ PDNH D

VPDOO SURILW E\ VHOOLQJ WKH GUXJV WR WKH SDWLHQWV� ZKLFK HQDEOHV WKHP WR UHQHZ WKHLU VWRFNV�

7KH UHWDLO SULFH RI GUXJV DQG WKH W\SH RI GUXJV LQ VWRFN LQ WKH KHDOWK FDUH IDFLOLW\ DUH

GHWHUPLQHG E\ WKH �ORFDO� KHDOWK FRPPLWWHH� D JURXS RI UHSUHVHQWDWLYHV FKRVHQ IURP WKH

�ORFDO� SRSXODWLRQ�

,QWHUYLHZV DQG GDWD FROOHFWLRQ

,Q WKH KRVSLWDOV ZH LQWHUYLHZHG WKH GRFWRU LQ FKDUJH RI WKH JHQHUDO PHGLFLQH GHSDUWPHQW�

LQ KHDOWK FHQWUHV DQG SULYDWH FOLQLFV WKH GRFWRU LQ FKDUJH DQG LQ KHDOWK SRVWV WKH QXUVH RU

VDQLWDU\ DJHQW LQ FKDUJH� 7KH NQRZOHGJH RI QXUVHV DQG VDQLWDU\ DJHQWV ZRUNLQJ LQ KHDOWK

FHQWUHV DQG KRVSLWDOV ZDV QRW DVVHVVHG� 5HVSRQGHQWV ZHUH DVNHG WR PHQWLRQ DOO V\PSWRPV

WKH\ FRQVLGHUHG WR EH UHODWHG WR LQIHFWLRQ ZLWK 6� KDHPDWRELXP RU 6� PDQVRQL� ,I

6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ ZDV UHSRUWHG QRW SUHVHQW LQ WKH DUHD RI UHVSRQVLELOLW\

RI WKH KHDOWK FDUH IDFLOLW\� IXUWKHU TXHVWLRQV ZHUH QRW DVNHG� ,I WKH LQIHFWLRQ ZDV UHSRUWHG

SUHVHQW� WKH LQWHUYLHZ FRQWLQXHG ZLWK TXHVWLRQV DERXW WKH XVH RI GLDJQRVWLF WHVWV DQG WKH

SUHVFULSWLRQ RI WUHDWPHQW� 7KH UHSOLHV JLYHQ E\ GLIIHUHQW SURIHVVLRQDO JURXSV ZHUH

VWDWLVWLFDOO\ FRPSDUHG XVLQJ WKH &KL�VTXDUH�)LVKHU
V H[DFW WHVW �6366��

$IWHU WKH LQWHUYLHZ� ZH FROOHFWHG LQIRUPDWLRQ RQ WKH QXPEHU RI VFKLVWRVRPLDVLV SDWLHQWV LQ

���� DQG WKH WRWDO QXPEHU RI FXUDWLYH FRQVXOWDWLRQV LQ ����� 7KH QXPEHU RI 3=4 WDEOHWV

VROG LQ ����� WKH QXPEHU RI 3=4 WDEOHWV FXUUHQWO\ LQ VWRFN DQG WKH HVWLPDWHG QXPEHU RI

GD\V WKDW 3=4 ZDV DYDLODEOH LQ ���� ZDV UHFRUGHG� $W WKH HQG RI WKH LQWHUYLHZ� ZH DVNHG

IRU WKH SULFH RI WKH FRQVXOWDWLRQ �WLFNHW�� WKH GLDJQRVWLF WHVW IRU VFKLVWRVRPLDVLV DQG D 3=4

WDEOHW� )RU DOO TXHVWLRQV ZH WULHG WR REWDLQ WKH H[DFW YDOXH� LI WKLV ZDV QRW SRVVLEOH DQ

HVWLPDWHG YDOXH ZDV DVNHG IRU�

&RVW DQDO\VLV

:H FDOFXODWHG WKH WRWDO FRVWV LQ (XUR IRU WUHDWPHQW RI VFKLVWRVRPLDVLV IRU HDFK SDWLHQW ZKR

YLVLWHG WKH KHDOWK FDUH IDFLOLW\ LQ ���� E\ DGGLQJ WKH SULFH RI D FRQVXOWDWLRQ WLFNHW� D

GLDJQRVWLF WHVW LI UHTXHVWHG DQG WUHDWPHQW ZLWK IRXU 3=4 WDEOHWV �GRVH IRU DQ DGXOW�� )RU

KHDOWK FDUH IDFLOLWLHV WKDW UHSRUWHG WR UHIHU SDWLHQWV WR DQRWKHU KHDOWK FDUH IDFLOLW\ ZH WRRN

WKH SULFH RI D GLDJQRVWLF WHVW DQG 3=4 DW WKH FHQWUH RI UHIHUHQFH� 7KH FRVWV RI D GLDJQRVWLF

WHVW ZDV FRQVLGHUHG WR EH QLO LQ KHDOWK FDUH IDFLOLWLHV WKDW SHUIRUPHG V\PSWRP�EDVHG

WUHDWPHQW �L�H� QR GLDJQRVWLF WHVW�� ,I WKH LQWHUYLHZHH UHIHUUHG SDWLHQWV WR DQRWKHU KHDOWK

FDUH IDFLOLW\ IRU GLDJQRVLV DQG�RU WUHDWPHQW� WKH HVWLPDWHG FRVWV RI WUDQVSRUW WR WKH FHQWUH

RI UHIHUHQFH ZHUH LQFOXGHG LQ WKH WRWDO FRVWV� 7KH FRVWV RI WUDQVSRUW ZHUH SURYLGHG E\ WKH

ORFDO SRSXODWLRQ� 7KH 6HQHJDOHVH FXUUHQF\ �&)$� ZDV FRQYHUWHG LQWR (XUR �LQ ����� �

(XUR ZDV DSSUR[LPDWHO\ 86� � RU &)$ �����
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7KH JHQHUDO FKDUDFWHULVWLFV RI WKH LQFOXGHG KHDOWK FDUH IDFLOLWLHV DUH SUHVHQWHG LQ 7DEOH ����

2QO\ RQH QXUVH ZDV QRW DYDLODEOH IRU WKH LQWHUYLHZ �LQ 3RGRU GLVWULFW�� 7ZHQW\�WKUHH

UHVSRQGHQWV UHSRUWHG WKH SUHVHQFH RI ERWK 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ LQ WKHLU

DUHD RI UHVSRQVLELOLW\� �� UHSRUWHG RQO\ 6� KDHPDWRELXP DQG WKUHH RQO\ 6� PDQVRQL� ,Q RQO\

WZR KHDOWK FDUH IDFLOLWLHV� ERWK LQIHFWLRQV ZHUH UHSRUWHG DEVHQW �GLVWULFW 6W /RXLV� KHDOWK

SRVW 7DVVLQqUH DQG SULYDWH FOLQLF��

Table 8.1: Characteristics of the health care facilities (HCF) from which medical doctors, nurses or
sanitary agents were interviewed.

$OPRVW DOO LQWHUYLHZHG SHUVRQV PHQWLRQHG WKH PDLQ V\PSWRPV RI 6� KDHPDWRELXP

�KDHPDWXULD� ����� DQG 6� PDQVRQL LQIHFWLRQ �EORRG\ GLDUUKRHD DQG EORRG LQ VWRRO� ����

�)LJXUH ����� 2WKHU V\PSWRPV FDXVHG E\ 6� KDHPDWRELXP LQIHFWLRQ VXFK DV SHOYLF GLVFRPIRUW

DQG G\VXULD ZHUH PHQWLRQHG E\� UHVSHFWLYHO\� ��� DQG ��� RI UHVSRQGHQWV� 6HYHQ QXUVHV

DOVR UHSRUWHG �RWKHU� V\PSWRPV QRUPDOO\ QRW UHODWHG WR 6� KDHPDWRELXP� VXFK DV IHYHU DQG

QDXVHD� 6HYHQW\�IRXU SHU FHQW RI WKH UHVSRQGHQWV PHQWLRQHG DEGRPLQDO GLVFRPIRUW DV D

V\PSWRP UHODWHG WR 6� PDQVRQL LQIHFWLRQ� 6\PSWRPV UHODWHG WR DQ DGYDQFHG VWDJH RI WKH

LQIHFWLRQ VXFK DV DVFLWHV DQG KDHPDWHPHVLV ZHUH UDUHO\ PHQWLRQHG� )RXU GRFWRUV DQG VL[

QXUVHV PHQWLRQHG �RWKHU� V\PSWRPV WKDW DUH XVXDOO\ DVVXPHG QRW WR EH DVVRFLDWHG ZLWK

6� PDQVRQL LQIHFWLRQ� VXFK DV IHYHU� KHDGDFKH DQG GL]]LQHVV�

&RPSDULQJ WKH NQRZOHGJH RI WKH LQWHUYLHZHG GRFWRUV �ZRUNLQJ LQ KRVSLWDOV� KHDOWK FHQWUHV

DQG SULYDWH FOLQLFV� DQG WKH LQWHUYLHZHG QXUVHV DQG VDQLWDU\ DJHQWV �H[FOXVLYHO\ ZRUNLQJ LQ

KHDOWK SRVWV� UHYHDOHG WKDW NQRZOHGJH ZDV QRW VLJQLILFDQWO\ GLIIHUHQW H[FHSW IRU SROODNLVXULD

ZKLFK ZDV PRUH RIWHQ PHQWLRQHG E\ GRFWRUV� ��� YV� �� �)LVKHU
V H[DFW S  ������� 7KH

NQRZOHGJH RI V\PSWRPV E\ QXUVHV DQG VDQLWDU\ DJHQWV GLG QRW GHSHQG RQ WKH UHSRUWHG

SUHVHQFH RI 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ LQ WKHLU DUHD RI UHVSRQVLELOLW\ �QRW

VKRZQ��

Number of HCF reporting

presence of schistosomiasis in

its coverage area (%)

Health care

facility

No Population covered by

HCF, median (range)

No of consultations

1998 median (range) S. haematobium S. mansoni

Hospital 3 256,000

(175,000-833,000)

46,000

(15,000-60,000)

3 (100) 1 (33)

Health centre 5 66,000 (9,000-217,000) 8,800 (1,500-17,000) 5 (100)  3 (60)

Health post 44 4,100 (500-30,000) 2,700 (400-12,000) 40 (91) 21 (48)

Private clinic 3 -* 2,300 (2,000-2,600) 2 (67) 1 (33)

Total 55 50 (91) 26 (47)

* No specified area of responsibility
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,Q ��� RI WKH KHDOWK SRVWV SDWLHQWV SUHVHQWLQJ ZLWK PDFURVFRSLF KDHPDWXULD ZHUH WUHDWHG

ZLWKRXW SDUDVLWRORJLFDO FRQILUPDWLRQ RI WKH V\PSWRP�EDVHG GLDJQRVLV �7DEOH ����� 7ZHQW\�

WZR ����� RI WKHVH KHDOWK SRVWV KDG 3=4 DYDLODEOH� 2QO\ RQH KHDOWK FHQWUH SHUIRUPHG

V\PSWRP�EDVHG WUHDWPHQW DQG 3=4 ZDV DYDLODEOH� )RU SDWLHQWV SUHVHQWLQJ ZLWK RWKHU

V\PSWRPV UHODWHG WR 6� KDHPDWRELXP LQIHFWLRQ ERWK LQ KHDOWK SRVWV DQG LQ KRVSLWDOV DQG

KHDOWK FHQWUHV D GLDJQRVWLF FRQILUPDWLRQ ZDV DOZD\V FRQVLGHUHG QHFHVVDU\�
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Figure 8.2: Symptoms mentioned by respondents to be related to S. haematobium and S. mansoni
infection. S. haematobium: "Other" refers to symptoms usually not associated with S. haematobium: asthenia,

headache, loss of weight, dizziness, vomiting, infertility and pruritis. S. mansoni: advanced = symptoms of
advanced disease such as oedema, ascitis and haematemesis, "Other" refers to symptoms usually not
associated with S. mansoni: fever, ballonement abdominal (bloated feeling, flatulence and swollen abdomen) and

nausea.

6\PSWRP�EDVHG WUHDWPHQW IRU 6� PDQVRQL LQIHFWLRQ �IRU EORRG LQ VWRRO�EORRG\ GLDUUKRHD�

ZDV SHUIRUPHG LQ �� ����� RI WKH KHDOWK SRVWV DQG LQ RQH ����� KHDOWK FHQWUH LQ HQGHPLF

DUHDV �7DEOH ����� 3=4 ZDV DYDLODEOH LQ HLJKW ����� RI WKHVH KHDOWK SRVWV DQG LQ DOVR LQ WKH

KHDOWK FHQWUH� ,Q 1RUWKHUQ 6HQHJDO� DOO WKUHH KRVSLWDOV KDG D ODERUDWRU\� WKUHH RI ILYH KHDOWK

FHQWUHV DQG VL[ RI �� KHDOWK SRVWV KDG DW OHDVW RQH PLFURVFRSH �7DEOH ����� 2WKHU

HTXLSPHQW QHFHVVDU\ IRU D SDUDVLWRORJLFDO GLDJQRVLV RI 6� KDHPDWRELXP �XULQH ILOWUDWLRQ WHVW�

ILOWHUV� V\ULQJHV� WXEHV DQG JODVV�VOLGHV� XULQH FHQWULIXJDWLRQ WHVW� WXEHV� JODVV�VOLGHV DQG

FHQWULIXJH� RU 6� PDQVRQL �.DWR�.DW] PHWKRG� PHVK� WHPSODWH� FHOORSKDQH�SRO\HWK\OHQH

FRYHUVOLSV� JO\FHULQH� PDODFKLWH JUHHQ DQG JODVV�VOLGHV� GLUHFW IDHFDO VPHDU� JODVV�VOLGHV� ZDV

DYDLODEOH DW KHDOWK FDUH IDFLOLWLHV WKDW UHSRUWHG WR SHUIRUP D SDUDVLWRORJLFDO GLDJQRVWLF WHVW�

)RU SDUDVLWRORJLFDO GLDJQRVLV RI 6� KDHPDWRELXP LQIHFWLRQ� PRVW ODERUDWRULHV SHUIRUPHG WKH

XULQH FHQWULIXJDWLRQ WHVW� VRPHWLPHV LQ FRPELQDWLRQ ZLWK WKH XULQH ILOWUDWLRQ WHVW� ,Q WKH

GLVWULFWV RI 3RGRU DQG 0DWDP ZKHUH PRVW 6� KDHPDWRELXP FDVHV DUH IRXQG �&KDLQH DQG

0DOHN� ����� 3LFTXHW HW DO�� ����� PRUH WKDQ ��� RI WKH KHDOWK FDUH IDFLOLWLHV ZHUH DEOH WR

SHUIRUP D GLDJQRVWLF WHVW �SDUDVLWRORJLFDO RU KDHPDVWLFN� DW WKH KHDOWK FDUH IDFLOLW\ OHYHO�

3DUDVLWRORJLFDO FRQILUPDWLRQ RI 6� PDQVRQL LQIHFWLRQ ZDV PRVW RIWHQ FDUULHG RXW ZLWK WKH

GLUHFW IDHFDO VPHDU WHFKQLTXH� 0RUH WKHQ ��� RI WKH ODERUDWRU\ SHUVRQQHO UHSRUWHG WR XVH

WKH .DWR�.DW] WHFKQLTXH LI WKH GLUHFW IDHFDO VPHDU WHFKQLTXH ZDV QHJDWLYH� ,I D GLDJQRVWLF
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WHVW ZDV FRQVLGHUHG QHFHVVDU\ DQG WKH IDFLOLW\ GLG QRW KDYH D ODERUDWRU\ RU PLFURVFRSH�

SDWLHQWV ZHUH UHIHUUHG WR DQRWKHU KHDOWK FDUH IDFLOLW\� 'RFWRUV ZRUNLQJ LQ D SULYDWH FOLQLF

DOZD\V UHIHUUHG WR D KHDOWK FHQWUH RU KRVSLWDO IRU D GLDJQRVWLF WHVW� 5HDVRQV UHSRUWHG IRU

QRW UHIHUULQJ IRU D GLDJQRVWLF WHVW ZHUH KLJK FRVWV RI D GLDJQRVWLF WHVW DQG WKH ORQJ MRXUQH\

WR WKH QHDUHVW ODERUDWRU\�

Table 8.2: Diagnosis and treatment strategy for patients reporting with haematuria or blood in stool and
bloody diarrhoea in hospitals, health centres and health posts in areas endemic for S. haematobium and
S. mansoni.

Hospitals and health centres Health posts

Haematuria

Direct treatment with praziquantel 1 (12) 26 (67)

Diagnosis by haemastick 0 (0) 1 (3)

Diagnosis by urine filtration or centrifugation 5 (63) 0 (0)

Referral for diagnostic test 2 (25) 12 (30)

Total 8 (100) 39 (100)

Blood in stool &  bloody diarrhoea

Direct treatment with praziquantel 1 (25) 13 (62)

Diagnosis by direct smear or Kato-Katz 2 (50) 1 (5)

Referral for diagnostic test 1 (25) 7 (33)

Total 4 (100) 21 (100)

Values in parentheses are in percentages

Table: 8.3 Availability of laboratory and/or microscope, diagnostic materials and praziquantel in
hospitals, health centres and health posts in Northern Senegal.

Available Hospitals and health

centres (n=8)

Health posts

(n=44)

Laboratory and/or microscope 6 (75) 6 (14)

Material for parasitological diagnostic test S. haematobium* 6 (75) 1 (2)

Material for parasitological diagnostic test S. mansoni** 3 (38) 6 (14)

Praziquantel 6 (75) 33 (75)

Values in parentheses are in percentages
* Filters, syringes, tubes and glass-slides (urine filtration test) or tubes, glass-slides and centrifuge
(urine centrifugation test)
** Mesh, template, cellophane/polyethylene coverslips, glycerine, malachite green and glass-slides
(Kato-Katz method) or glass-slides (direct fecal smear)

3=4 ���� PJ� ZDV WKH RQO\ GUXJ XVHG LQ WKH SURJUDPPH LQ 1RUWKHUQ 6HQHJDO IRU WKH

WUHDWPHQW RI 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ� 7KH UHFRPPHQGHG GRVH RI �� PJ�NJ

ZDV SUHVFULEHG E\ ��� RI WKH KRVSLWDOV DQG KHDOWK FHQWUHV DQG E\ ��� RI WKH KHDOWK SRVWV�

7KH RWKHU KHDOWK FDUH IDFLOLWLHV SUHVFULEHG �� RU �� PJ�NJ ERG\ZHLJKW� DQG ��� RI WKH

QXUVHV DQG VDQLWDU\ DJHQWV GLG QRW NQRZ WKH UHFRPPHQGHG GRVH�
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6HYHQW\�ILYH SHU FHQW RI WKH KRVSLWDOV� KHDOWK FHQWUHV DQG KHDOWK SRVWV KDG 3=4 LQ VWRFN DW

WKH WLPH RI WKH LQWHUYLHZ �7DEOH ����� 2QH KRVSLWDO� RQH KHDOWK FHQWUH DQG HLJKW KHDOWK

SRVWV ZLWK OHVV WKDQ �� VFKLVWRVRPLDVLV FDVHV LQ ���� GLG QRW KDYH DQ\ EHFDXVH WKH\ DOZD\V

UHIHUUHG VFKLVWRVRPLDVLV SDWLHQWV WR RWKHU KHDOWK FDUH IDFLOLWLHV IRU WUHDWPHQW� 0RUH WKDQ

��� RI WKH KHDOWK FDUH IDFLOLWLHV ZLWK 3=4 KDG !��� WDEOHWV LQ VWRFN� +RVSLWDOV DQG KHDOWK

FHQWUHV KDG 3=4 HYHU\ GD\ LQ ����� 2I �� KHDOWK SRVWV ZLWK 3=4 DYDLODEOH LQ ����� ���

KDG LW WKURXJKRXW WKH \HDU� 7KH GXUDWLRQ RI WKH SHULRGV WKDW 3=4 ZDV UHSRUWHG XQDYDLODEOH

LQ ���� UDQJHG IURP D IHZ GD\V WR ��� GD\V �PHGLDQ �� GD\V��

7KH PHDQ SULFH RI D FRQVXOWDWLRQ WLFNHW IRU DGXOWV LQ DUHDV ZKHUH 6� KDHPDWRELXP LQIHFWLRQ LV

UHSRUWHG WR EH HQGHPLF ZDV ���� (XUR DQG LQ DUHDV ZKHUH 6� PDQVRQL LQIHFWLRQ LV UHSRUWHG

WR EH HQGHPLF ���� (XUR �7DEOH ����� 7KH PHDQ SULFH RI D WHVW WR GLDJQRVH 6� KDHPDWRELXP

HJJV RU KDHPDWXULD� ZHLJKHG IRU WKH QXPEHU RI SDWLHQWV DQG H[FOXGLQJ WKH SDWLHQWV IRU

ZKLFK QR GLDJQRVWLF WHVW ZDV SHUIRUPHG� ZDV ���� (XUR� 7KH SULFH RI D XULQH

FHQWULIXJDWLRQ RU ILOWUDWLRQ WHVW UDQJHG IURP ���� WR ���� (XUR� WKH KDHPDVWLFN WHVW ZDV OHVV

H[SHQVLYH� UHSRUWHG SULFHV UDQJHG IURP ���� WR ���� (XUR� 7KH PHDQ SULFH RI D GLDJQRVWLF

WHVW IRU 6� PDQVRQL LQIHFWLRQ� ZDV ���� (XUR� 7KH PLQLPXP SULFH ZDV ����� WKH PD[LPXP�

���� (XUR� (LJKW\�HLJKW SHU FHQW RI KHDOWK FDUH IDFLOLWLHV VROG 3=4 IRU WKH UHFRPPHQGHG

SULFH RI ���� (XUR� 7KH PD[LPXP SULFH IRU RQH 3=4 WDEOHW ZDV ���� (XUR LQ WKH GLVWULFW

KRVSLWDO RI 0DWDP� 7KH PHDQ SULFH RI IRXU 3=4 WDEOHWV LQ 6� KDHPDWRELXP DQG 6� PDQVRQL

HQGHPLF ZDV FRPSDUDEOH�

Table 8.4: Prices of consultation tickets, diagnostic tests and treatment in hospitals/health centres and
health posts in Euro*.

Hospitals and

health centres

Health posts All

Real mean

costs

Mean including

zeros

Real mean

costs

Mean including

zeros

Real mean

costs

Mean including

zeros

S. haematobium area

Consultation ticket adult 0.45 0.45 0.17 0.17 0.22 0.22

Four praziquantel tablets 0.92 0.92 0.80 0.80 0.82 0.82

Diagnostics 1.11 1.11 0.48 0.22 0.66 0.35

Transportation to other HCF 0.73 0.17 0.77 0.07 0.74 0.08

Total costs 2.65 1.27 1.48

S. mansoni area

Consultation ticket adult 0.22 0.22 0.24 0.24 0.27 0.27
Four praziquantel tablets 0.82 0.82 0.64 0.64 0.63 0.63

Diagnostics 0.73 0.73 0.64 0.47 0.68 0.57

Transportation to other HCF 0.00 0.00 0.76 0.34 0.76 0.21
Total costs 1.66 1.69 1.68
* The mean price is a weighed average of the number of schistosomiasis patients visiting each health care

facility in 1998. For facilities that neither performed diagnostic tests and nor referred patients for one,

the costs of a diagnostic test was taken at 0 Euro. See Appendix for costs per health care facility.

3DWLHQWV WKDW ZHUH UHIHUUHG WR DQRWKHU KHDOWK FDUH IDFLOLW\ IRU D GLDJQRVWLF WHVW RU IRU 3=4

KDG WR VSHQG RQ DYHUDJH ���� (XUR IRU WUDQVSRUW� 0RVW SDWLHQWV ZHUH UHIHUUHG IRU D
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GLDJQRVWLF WHVW IRU 6� PDQVRQL ����� SDWLHQWV LQ ������ /HVV WKDQ ��� RI WKH LQGLYLGXDOV ZLWK

6� KDHPDWRELXP LQIHFWLRQ KDG WR WUDYHO WR DQRWKHU KHDOWK FDUH IDFLOLW\� 7KH WRWDO FRVWV

�FRQVXOWDWLRQ WLFNHW� GLDJQRVWLF WHVW� 3=4 DQG WUDQVSRUW WR RWKHU KHDOWK FDUH IDFLOLW\� WR

SDWLHQWV LQIHFWHG ZLWK 6� KDHPDWRELXP ZHUH RQ DYHUDJH ���� (XUR �UDQJH ����−������ )RU
SDWLHQWV LQIHFWHG ZLWK 6� PDQVRQL WKH DYHUDJH WRWDO FRVWV ZHUH ���� (XUR �UDQJH ����−������

�	
��

	��

6LQFH ����� WKH :RUOG +HDOWK 2UJDQLVDWLRQ KDV UHFRPPHQGHG D SROLF\ ZKLFK DLPV DW

UHGXFLQJ WKH PRUELGLW\ FDXVHG E\ 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ LQ KLJKO\ HQGHPLF

DUHDV E\ LQWHJUDWLQJ FRQWURO LQ SULPDU\ KHDOWK FDUH V\VWHPV �:+2� ������ 7KLV SROLF\ ZDV

DOVR WKH PDLQ DLP RI WKH LQWHUYHQWLRQ SURMHFW LQ WKH KLJKO\ HQGHPLF DUHD LQ 1RUWKHUQ

6HQHJDO� 7KH DGHTXDWH NQRZOHGJH RI GRFWRUV� QXUVHV DQG VDQLWDU\ DJHQWV� WKH

LPSOHPHQWDWLRQ RI V\PSWRP�EDVHG WUHDWPHQW VWUDWHJLHV �HVSHFLDOO\ DW KHDOWK SRVW OHYHO� DQG

WKH ZLGH DYDLODELOLW\ RI 3=4 DW D UHODWLYHO\ ORZ SULFH DUH WKH PDLQ UHVXOWV RI WKH

LQWHUYHQWLRQ SURJUDP� +RZHYHU� WKHVH UHVXOWV KDYH EHHQ REWDLQHG E\ FRQVLGHUDEOH

LQYHVWPHQW RI VXSHUYLVLRQ WLPH DQG FDSLWDO� :KHWKHU WKH\ DUH VXVWDLQDEOH UHPDLQV WR EH

VHHQ�

6\PSWRP�EDVHG WUHDWPHQW GHSHQGV RQ VXIILFLHQW NQRZOHGJH RI WKH PDLQ V\PSWRPV RI

VFKLVWRVRPLDVLV� ,Q RXU VWXG\ SRSXODWLRQ� NQRZOHGJH RI WKH PDLQ V\PSWRPV RI

6� KDHPDWRELXP �KDHPDWXULD� DQG 6� PDQVRQL LQIHFWLRQ �EORRG\ GLDUUKRHD�EORRG LQ VWRRO� ZDV

VDWLVIDFWRU\ DW DOO OHYHOV RI WKH SULPDU\ KHDOWK FDUH� +RZHYHU� GHVSLWH WKH QHZO\ LQWURGXFHG

SROLF\ WR WUHDW SDWLHQWV EDVHG RQ V\PSWRPV� PRUH WKDQ KDOI RI WKH UHVSRQGHQWV VWLOO

FRQVLGHUHG D ODERUDWRU\ WHVW QHFHVVDU\� $V PRUH WKDQ KDOI RI WKH KHDOWK SRVWV GLG QRW KDYH

WKH ODERUDWRU\ HTXLSPHQW QHFHVVDU\ IRU WKH SDUDVLWRORJLFDO GLDJQRVLV RI VFKLVWRVRPLDVLV� D

KLJK SHUFHQWDJH RI SDWLHQWV KDG WR EH UHIHUUHG WR DQRWKHU KHDOWK FDUH IDFLOLW\ IRU D

GLDJQRVWLF WHVW�

6\PSWRPV UHODWHG WR DQ DGYDQFHG VWDJH RI 6� PDQVRQL LQIHFWLRQ DUH UDUHO\ UHSRUWHG� 6R IDU

RQO\ D VPDOO SHUFHQWDJH RI WKH SRSXODWLRQ VKRZV DEQRUPDOLWLHV RQ XOWUDVRXQG LQYHVWLJDWLRQ

�.DUGRUII HW DO�� ����� .RQJV HW DO�� ����� <D]GDQSDQDK HW DO�� ����� %XUFKDUG HW DO�� ������

7KLV PLJKW H[SODLQ WKH XQGHUUHSRUWLQJ RI V\PSWRPV UHODWHG WR DGYDQFHG GLVHDVH E\

GRFWRUV� QXUVHV DQG VDQLWDU\ DJHQWV� $V 3=4 WUHDWPHQW FDQ SDUWLDOO\ UHYHUVH WKH SDWKRORJ\

RI DGYDQFHG GLVHDVH �%RLVLHU HW DO�� ����� )UHQ]HO HW DO�� ������ UDSLG GHWHFWLRQ DQG WUHDWPHQW

RI WKHVH FDVHV E\ LPSURYHG NQRZOHGJH RI GRFWRUV� QXUVHV DQG VDQLWDU\ DJHQWV RQ WKHVH

V\PSWRPV LV LPSRUWDQW�

7KH ILUVW DLP RI WKH LQWHUYHQWLRQ SURMHFW� ORZHULQJ RI WKH SULFH RI 3=4 DQG LQFUHDVLQJ

DYDLODELOLW\� DSSHDUHG WR KDYH EHHQ ZLGHO\ UHDOLVHG� 3=4 ZDV ZLGHO\ DYDLODEOH LQ WKH KHDOWK

FDUH IDFLOLWLHV � \HDUV DIWHU WKH VWDUW RI WKH LQWHUYHQWLRQ SURJUDPPH� 1RQH RI WKH KHDOWK

FHQWUHV DQG KRVSLWDOV KDG UXQ RXW RI VWRFN DQG KDG D FRQVWDQW ODUJH VXSSO\ LQ ����� $W

KHDOWK SRVWV 3=4 ZDV DYDLODEOH PRVW RI WKH WLPH� +HDOWK FRPPLWWHHV GHFLGH ZKDW GUXJV

VKRXOG EH DYDLODEOH DW WKHLU KHDOWK FDUH IDFLOLW\� +HQFH WKLV PD\ EH DQ LQGLFDWLRQ WKDW
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VFKLVWRVRPLDVLV LV FRQVLGHUHG D SULRULW\ E\ WKH FRPPLWWHHV� 7KH VSHFLDO DWWHQWLRQ IRFXVVHG

RQ VFKLVWRVRPLDVLV LQ WKH DUHD SUREDEO\ DOVR LQIOXHQFHG WKH GHFLVLRQV RI WKH KHDOWK

FRPPLWWHH� $QRWKHU H[SODQDWLRQ IRU WKH KLJK DYDLODELOLW\ RI 3=4 PLJKW EH WKDW GXULQJ WKH

LQWHUYHQWLRQ SURMHFW LW ZDV VRPHWLPHV GLVWULEXWHG IRU IUHH� PDNLQJ LW DYDLODEOH WR WKRVH

IDFLOLWLHV WKDW ZRXOG QRW QRUPDOO\ VWRFN LW EHFDXVH WKH\ RQO\ GLDJQRVH D IHZ VFKLVWRVRPLDVLV

SDWLHQWV SHU \HDU�

3DUW RI WKH DLP RI WKH LQWHUYHQWLRQ SURMHFW ZDV WR FKDQJH WKH UHWDLO SULFH E\ UHGXFLQJ WKH

ZKROHVDOH SULFH RI 3=4� 7KH 1DWLRQDO�5HJLRQDO SKDUPDF\ PDGH 3=4 DYDLODEOH DW D SULFH

RI ���� (XUR SHU WDEOHW DQG WKH 5HJLRQDO +HDOWK $XWKRULWLHV UHFRPPHQGHG D UHWDLO SULFH RI

���� (XUR� 7KHUHIRUH� KHDOWK FDUH IDFLOLWLHV FDQ VWLOO PDNH D VPDOO SURILW� ZKLFK HQDEOHV

WKHP WR UHSOHQLVK WKHLU VWRFNV� 0RVW KHDOWK FDUH IDFLOLWLHV WKDW SDUWLFLSDWHG LQ RXU VWXG\ KDG

LQWURGXFHG WKH QHZ ORZ UHWDLO VHOOLQJ SULFH� $ IHZ KHDOWK FDUH IDFLOLWLHV QHYHUWKHOHVV VROG

3=4 DW D KLJKHU SULFH� UHSRUWHGO\ EHFDXVH WKH\ QHHGHG WR FRYHU WKH FRVWV IRU WUDQVSRUW RI

WKH GUXJ� 7KH UHODWLYHO\ ORZ UHWDLO VHOOLQJ SULFH RI 3=4 FRXOG KDYH D VWURQJ SRVLWLYH

LQIOXHQFH RQ WKH DFFHVV WR WUHDWPHQW� +RZHYHU� DOWKRXJK WKH UHFRPPHQG SULFH RI ����

(XUR IRU RQH WDEOHW LV ORZ FRPSDUHG ZLWK SULFHV LQ RWKHU FRXQWULHV �5HQJDQDWKDQ DQG

&LROL� ������ LW VWLOO FRPSULVHV DOPRVW KDOI RI WKH WRWDO FRVWV RI WKH WUHDWPHQW� ZKLFK UHPDLQV

UHODWLYHO\ KLJK IRU D SDUW RI WKH �UXUDO� SRSXODWLRQ�

,PSOHPHQWDWLRQ RI DOO LQWHUYHQWLRQV DFFRUGLQJ WR WKH SURMHFW ZLOO IXUWKHU UHGXFH WKH WRWDO

FRVWV� HVSHFLDOO\ V\PSWRP�EDVHG WUHDWPHQW� 7KLV HOLPLQDWHV WKH FRVWV RI GLDJQRVWLF WHVWV

DQG WKH FRVWV RI �ORFDO� WUDQVSRUW WR DQRWKHU KHDOWK FDUH IDFLOLW\ UHVXOWLQJ LQ SRWHQWLDO

VDYLQJV RI ���� (XUR ����� IRU SDWLHQWV LQIHFWHG ZLWK 6� KDHPDWRELXP ����� � ���� (XUR�

DQG ���� (XUR ����� IRU SDWLHQWV LQIHFWHG ZLWK 6� PDQVRQL ����� � ���� (XUR� �7DEOH �����

$SSO\LQJ WKH UHGXFHG UHWDLO SULFH RI 3=4 LQ DOO KHDOWK FDUH IDFLOLWLHV ZLOO ORZHU WKH FRVWV RI

WUHDWPHQW RQO\ E\ ���� (XUR �PHDQ SULFH ���� LQVWHDG RI ����� IRU 6� KDHPDWRELXP SDWLHQWV

DQG E\ ���� (XUR ����� UDWKHU WKDQ ����� IRU 6� PDQVRQL SDWLHQWV� 7R PDNH WKH KHDOWK V\VWHP

PRUH DFFHVVLEOH IRU VFKLVWRVRPLDVLV SDWLHQWV� WKH 5HJLRQDO +HDOWK $XWKRULWLHV VKRXOG VWUHVV

WKH LPSRUWDQFH RI V\PSWRP�EDVHG WUHDWPHQW�

,GHDOO\� HYDOXDWLRQ RI D SURMHFW FRPSDUHV SUH� DQG SRVW�LQWHUYHQWLRQ GDWD� ,Q 1RUWKHUQ

6HQHJDO� SUH�LQWHUYHQWLRQ GDWD ZHUH XQIRUWXQDWHO\ QRW V\VWHPDWLFDOO\ FROOHFWHG� 7KXV ZH

FRXOG RQO\ DVVHVV WKH VLWXDWLRQ DW WKH HQG RI WKH LQWHUYHQWLRQ SURMHFW� DQG FRQFOXGH WKDW �

\HDUV DIWHU WKH VWDUW RI WKH SURJUDPPH WKH SULPDU\ KHDOWK FDUH V\VWHP LV DEOH WR SURYLGH

DGHTXDWH DQG DIIRUGDEOH GLDJQRVLV DQG WUHDWPHQW IRU WKH PDMRULW\ RI SDWLHQWV UHSRUWLQJ

ZLWK VFKLVWRVRPLDVLV�UHODWHG V\PSWRPV� ,W ZRXOG EH LQWHUHVWLQJ WR HYDOXDWH WKH

VXVWDLQDELOLW\ RI WKLV LQWHUYHQWLRQ DIWHU VRPH PRUH \HDUV E\ XVLQJ WKH VDPH TXDQWLWDWLYH

PHWKRG�
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:H JUDWHIXOO\ DFNQRZOHGJH WKH KHOS RI 0� :DGH� 'U 3� )D\H� 'U 0� 'LRS� 'U 0� 7UDRUp�

'U &� +DQQH� 'U &� 6HFN� WKH SULPDU\ KHDOWK FDUH VXSHUYLVRUV RI WKH KHDOWK FHQWUHV� 'U $�

/\ IURP WKH 5pJLRQ 0pGLFDOH GH 6W /RXLV DQG DOO QXUVHV DQG VDQLWDU\ DJHQWV ZKR SDUWLFLSDWHG

LQ WKH VWXG\� :H DOVR WKDQN 'U $�$� :\IIHOV� 'U )� 0RHUPDQ DQG 3URI 'U -�'�)�

+DEEHPD IRU FULWLFDO FRPPHQWV�

7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH 1:2�:2752 IXQGHG PXOWLGLVFLSOLQDU\

SURJUDPPH 
0RGHO�EDVHG GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL�

1LJHU DQG 6HQHJDO
�

�������� ���"������
������������
�
�'����(� "������������	
���

���������
�	
���	����
	
��������������)

S. haematobium S. mansoni

Health care facility Costs of
consultation

ticket

Costs
PZQ for
adult*,**

Number
of

patients***

Costs
of

test **

Total
costs for

adult#

Number
of

patients***

Costs
of

test **

Total
costs for

adult#

St Louis

1 Hospital St Louis 1.54 (6) 15 3.07 5.47 ~ 1.54 3.94

2 HC St Louis 0.46 (6) 25 (1) 4.39 5 (1) 2.86

3 HP Goxu Moth 0.15 (6) 2 (1) 4.08 - - -

4 HP Guett Ndar 0.15 (6) 5 (1) 4.08 12 (1) 2.55

5 HP Mbakhana 0.15 0.62 50 (1) 3.84 - - -

6 HP Poste Sud 0.15 0.86 5 (1) 4.08 - - -

7 HP Tassinere 0.15 - - - - - - -

8 PC St Louis 6.15 - - - - - - -

Richard-Toll

9 HC Richard-Toll 0.31 0.62 67 0.77 1.70 2067 0.77 1.70

10 HP Boundoum Barage 0.31 0.62 10 a 0.93 8 (9) 1.70

11 HP Diawar 0.31 0.62 9 (9) 1.70 236 (9) 1.70

12 HP Gallo Malick 0.31 0.62 8 (9) 1.70 816 (9) 1.70

13 HP Nbagam 0.31 0.62 16 (9) 1.70 200 a 0.93

14 HP Ndiangue 0.31 0.62 - - - 35 (9) 1.70

15 HP Niassene 0.15 (18) 10 a 0.77 5 a 0.77

16 HP Ronkh 0.31 0.77 - - - 468 (9) 1.85

17 HP Rosso Senegal 0.31 0.62 8 (9) 1.70 258 a 0.93

18 HP Savoigne 0.31 0.62 162 0.46 1.39 179 0.46 1.39

19 HP Taouey 0.31 0.62 ~ (9) 1.70 ~ (9) 1.70

20 PC Richard-Toll 4.62 (9) 2 (9) 6.01 ~ (9) 6.01
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S. haematobium S. mansoni

Health care facility Costs of
consultation

ticket

Costs
PZQ for
adult*,**

Number
of

patients***

Costs
of

test **

Total
costs for

adult#

Number
of

patients***

Costs
of

test **

Total
costs for

adult#

Dagana

21 HC Dagana 0.31 0.62 58 0.77 1.70 188 0.31 1.24

22 HP Bokhol 0.15 0.62 211 a 0.77 239 a 0.77

23 HP Dagana cite 0.15 0.62 25 (21) 1.54 84 (21) 1.08

24 HP Diagle 0.15 0.62 - - - 174 0.46 1.23

25 HP Gaya 0.15 0.62 106 0.08 0.85 127 0.46 1.23

26 HP Guidakhar 0.15 0.62 7 (9) 1.54 166 a 0.77

27 HP Mbane 0.15 0.62 4 a 0.77 235 0.46 1.23

28 HP Mbilor 0.15 0.62 7 (21) 1.54 129 a 0.77

29 HP Ndombo Diop 0.15 0.62 6 (9) 1.54 166 0.46 1.23

30 HP Niassante 0.15 0.62 12 (21) 1.54 - - -

31 HP Thiago 0.15 0.62 11 (9) 1.54 175 0.46 1.23

Podor

32 Hospital Ndioum 0.46 0.62 50 1.54 2.62 - - -

33 HC Podor 0.31 0.62 ~ 0.46 1.38 - - -

34 HP Cascas 0.15 0.62 53 0 0.77 - - -

35 HP Dara Haleybe 0.15 0.62 140 0 (32) 0.77 - - -

36 HP Dounguel 0.15 (32) 5 (32) 2.31 2 (32) ~

37 HP Gollere 0.15 0.62 6 (32) 2.31 - - -

38 HP Mboumba 0.15 0.62 30 ~ ~ - - -

39 HP Mboyo 0.23 0.77 115 0 1.00 - - -

40 HP Ndiawara 0.15 0.62 165 0 (33) 0.77 - - -

41 HP Ndiayene Pendao 0.15 0.62 18 (32) 2.31 - - -

42 HP Walalde 0.15 b ~ b ~ - - -

43 PC Podor 0.31 (33) 250 (33) 1.39 - - -

Matam

44 Hospital Ourossogui 0.77 1.85 85 0.77 3.39 - - -

45 HC Matam 0.15 0.62 85 (44) 1.54 - - -

46 HP Agnam Civol 0.15 0.62 5 0.31 1.08 - - -

47 HP Dembankane 0.15 1.23 240 a 1.38 - - -

48 HP Gaol 0.15 0.62 20 a 0.77 - - -

49 HP Goumal 0.31 0.62 77 0.15 1.08 - - -

50 HP Mil. Ourossogui 0 (44) 23 (44) 2.62 - - -

51 HP N'dendory 0.15 0.62 186 0 0.77 - - -

52 HP Ndiaffane 0.15 0.62 9 0.08 0.85 - - -

53 HP Ndouloumadji 0.15 0.62 3 0 0.77 - - -

54 HP Sinthiou Bamambe 0.15 1.23 400 0.15 1.53 - - -

55 HP Sinthiou Garba 0.15 0.62 30 0.04 0.81 - - -

* Costs of 4 PZQ-tablet, dose for adult
** (Number of the health care facility referred to)
*** Number of patients diagnosed by the health care facility in 1998 (bold: exact numbers; normal: estimated numbers)
# Costs of consultation ticket + costs of diagnosis (if performed) + costs of PZQ for adult + costs of transport if the patient is referred
a Direct treatment
b Unknown to which health post referred
- Not applicable, no S. haematobium or S. mansoni in area
~ missing value
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9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� /DQGRXUp� $�� %RVRPSHP� .� 0� DQG +DEEHPD� -� '�

)� 0HDVXULQJ VFKLVWRVRPLDVLV FDVH PDQDJHPHQW RI WKH KHDOWK VHUYLFHV LQ *KDQD DQG 0DOL�

6XEPLWWHG



C H A P T E R  9

���

��
�����

:+2 UHFRPPHQGV SDVVLYH FDVH GHWHFWLRQ E\ UHJXODU KHDOWK VHUYLFHV DV D PLQLPXP

VWUDWHJ\ IRU VFKLVWRVRPLDVLV PRUELGLW\ FRQWURO� 7R HYDOXDWH SUHSDUHGQHVV RI WKH KHDOWK

V\VWHPV LQ *KDQD DQG 0DOL� ZH SUHVHQWHG IRXU FOLQLFDO VFHQDULRV� WZR DERXW 6FKLVWRVRPD

KDHPDWRELXP DQG WZR DERXW 6� PDQVRQL� WR KHDOWK ZRUNHUV� :H UHTXHVWHG WKHP IRU DQ LQLWLDO

GLDJQRVLV DQG FDVH PDQDJHPHQW VWUDWHJ\ ZLWKRXW LQIRUPLQJ WKHP DERXW RXU LQWHUHVW LQ

VFKLVWRVRPLDVLV� 7KH LQIRUPDWLRQ ZDV XVHG WR GHWHUPLQH WKH FKDQFH WKDW D SHUVRQ

UHSRUWLQJ ZLWK VFKLVWRVRPLDVLV UHODWHG V\PSWRPV ZRXOG UHFHLYH SUD]LTXDQWHO�

$OO VHOHFWHG KHDOWK ZRUNHUV SDUWLFLSDWHG� 7KHLU LQLWLDO GLDJQRVLV ZDV IUHTXHQWO\ XULQDU\

VFKLVWRVRPLDVLV IRU ERWK 6� KDHPDWRELXP VFHQDULRV� )RU WKH WZR 6� PDQVRQL VFHQDULRV� RQO\

IHZ PHQWLRQHG LQWHVWLQDO VFKLVWRVRPLDVLV� $W KHDOWK FHQWUH OHYHO� FDVH PDQDJHPHQW LQ 0DOL

PDLQO\ FRQVLVWHG RI GLUHFW SUHVFULSWLRQ RI PHGLFDWLRQ� ZKHUHDV LQ *KDQD KHDOWK ZRUNHUV

RIWHQ UHIHUUHG WR D KRVSLWDO RU UHTXHVWHG D GLDJQRVWLF WHVW� 7KH XOWLPDWH SUREDELOLW\ RI

SUHVFULELQJ SUD]LTXDQWHO ZDV UHODWLYHO\ KLJK IRU WKH VFHQDULRV ZLWK V\PSWRPV UHODWHG WR 6�

KDHPDWRELXP� ��� LQ *KDQD DQG �� � LQ 0DOL� DQG ORZ IRU ERWK 6� PDQVRQL VFHQDULRV

������� 2I WKH KHDOWK FDUH IDFLOLWLHV WKDW ZRXOG SUHVFULEH SUD]LTXDQWHO� ��� �*KDQD� DQG

��� �0DOL� KDG LW LQ VWRFN�

,Q FRQFOXVLRQ� WKH FOLQLFDO VFHQDULR VWXG\ VKRZHG WKDW SDWLHQWV UHSRUWLQJ ZLWK 6�

KDHPDWRELXP V\PSWRPV FDQ H[SHFW SURSHU WUHDWPHQW DW DSSUR[LPDWHO\ KDOI RI WKH KHDOWK

FDUH IDFLOLWLHV� ZKHUHDV WKRVH SUHVHQWLQJ ZLWK 6� PDQVRQL V\PSWRPV KDYH RQO\ D YHU\ OLPLWHG

FKDQFH� &RQVLGHULQJ WKHVH IDFWV� LW LV TXHVWLRQDEOH LI SDVVLYH FDVH GHWHFWLRQ LV D VXIILFLHQW

EDVLV IRU HIIHFWLYH VFKLVWRVRPLDVLV PRUELGLW\ FRQWURO� HVSHFLDOO\ IRU 6� PDQVRQL LQIHFWLRQ�
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6FKLVWRVRPLDVLV LV RQH RI WKH SDUDVLWLF LQIHFWLRQV ZLWK D VHULRXV LPSDFW RQ SXEOLF KHDOWK LQ

$IULFD� ,W ZDV HVWLPDWHG WKDW WKH XULQDU\ W\SH �6FKLVWRVRPD KDHPDWRELXP� FDXVHV KDHPDWXULD LQ

�� PLOOLRQ DQG PDMRU EODGGHU ZDOO SDWKRORJ\ LQ �� PLOOLRQ LQGLYLGXDOV LQ VXE�6DKDUDQ

$IULFD �9DQ GHU :HUI HW DO�� LQ SUHVV�E�� 6� PDQVRQL� WKH LQWHVWLQDO W\SH� LV UHVSRQVLEOH IRU

EORRG LQ VWRRO LQ ��� PLOOLRQ LQGLYLGXDOV� DQG ��� PLOOLRQ ZHUH HVWLPDWHG WR KDYH

KHSDWRPHJDO\ GXH WR WKH LQIHFWLRQ �9DQ GHU :HUI HW DO�� LQ SUHVV�E�� 6LQFH WKH LQWURGXFWLRQ

RI WKH HIIHFWLYH DQG VDIH VLQJOH GRVH GUXJ SUD]LTXDQWHO �6HXEHUW HW DO�� ������ :+2 KDV

DGYRFDWHG PRUELGLW\ FRQWURO �:+2� ������ 7KH LQLWLDO VWUDWHJ\ ZDV FRPPXQLW\ ZLGH

GLVHDVH VSHFLILF WUHDWPHQW FDPSDLJQV ZLWK DFWLYH GLDJQRVLV DQG WUHDWPHQW �YHUWLFDO

DSSURDFK�� ,Q ����� WKH HPSKDVLV VKLIWHG WR D PRUH KRUL]RQWDO DSSURDFK� L�H� FRQWURO

LQWHJUDWHG LQ WKH 3ULPDU\ +HDOWK &DUH VHUYLFHV LQIHFWLRQ �:+2� ������

$Q HVVHQWLDO FRPSRQHQW RI WKH LQWHJUDWHG DSSURDFK LV FOLQLFDO FDUH IRU SDWLHQWV WKDW YLVLW

KHDOWK FDUH IDFLOLWLHV ZLWK FRPSODLQWV UHODWHG WR LQIHFWLRQ ZLWK VFKLVWRVRPHV �SDVVLYH FDVH

GHWHFWLRQ� �(QJHOV HW DO�� ������ 7KH :+2 UHFRPPHQGDWLRQV IRU LQWHJUDWHG FDVH

PDQDJHPHQW UHTXLUHV KHDOWK ZRUNHUV WR GLDJQRVH SDWLHQWV E\ UHFRJQLVLQJ WKH PDLQ

V\PSWRPV RI LQIHFWLRQ �:+2� ������ ,GHQWLILHG SDWLHQWV VKRXOG UHFHLYH SUHVFULSWLRQV IRU

SUD]LTXDQWHO� DQG WKH GUXJ PXVW EH DYDLODEOH� $OVR� WKH XVH RI VHQVLWLYH GLDJQRVWLF WHVWV LQ

KHDOWK FDUH IDFLOLWLHV ZLWK ODERUDWRU\ IDFLOLWLHV LV DGYRFDWHG� HVSHFLDOO\ IRU SDWLHQWV ZLWK

G\VHQWHULF V\PSWRPV� DV WKH GLIIHUHQWLDO GLDJQRVLV LV H[WHQVLYH� 6WXGLHV LQ *KDQD� 0DOL DQG

6HQHJDO KDYH GHPRQVWUDWHG WKDW WKHUH LV D FRQVLGHUDEOH GLIIHUHQFH LQ FRPSO\LQJ ZLWK WKHVH

UHFRPPHQGDWLRQV �9DQ GHU :HUI HW DO�� LQ SUHVV�D� 9DQ GHU :HUI HW DO�� ����E� �/DQGRXUp�

SHUVRQDO FRPPXQLFDWLRQ�� +RZHYHU� HYHQ LI SUHUHTXLVLWHV IRU FDVH PDQDJHPHQW DUH PHW�

L�H� KHDOWK ZRUNHUV KDYH DGHTXDWH NQRZOHGJH RI WKH V\PSWRPV WKDW PD\ UDLVH VXVSLFLRQ RI

WKH GLVHDVH� DUH DFTXDLQWHG ZLWK WUHDWPHQW RSWLRQV DQG WKH SUHVFULEHG GUXJV DUH DYDLODEOH� LW

GRHV QRW QHFHVVDULO\ PHDQ WKDW SDWLHQWV SUHVHQWLQJ V\PSWRPV FRPSDWLEOH ZLWK

VFKLVWRVRPLDVLV ZLOO UHFHLYH WUHDWPHQW IRU WKH LQIHFWLRQ� 7KH\ PD\� IRU LQVWDQFH� QRW EH

VXVSHFWHG RI VFKLVWRVRPH LQIHFWLRQ EHFDXVH WKH SUHVHQWLQJ V\PSWRPV FRXOG EH GXH WR

RWKHU GLVHDVHV� )RU H[DPSOH� SDWLHQWV SUHVHQWLQJ ZLWK EORRG\ GLDUUKRHD FDQ DOVR UHFHLYH

GLDJQRVHV RI RWKHU LQIHFWLRQV FRPPRQ LQ GHYHORSLQJ FRXQWULHV� VXFK DV DPRHELDVLV�

WULFKXULV RU EDFWHULDO LQIHFWLRQ �0DQVRQ�%DKU DQG %HOO� ������ 7KHUHIRUH� ZH VWXGLHG

VFKLVWRVRPLDVLV FDVH PDQDJHPHQW WR LGHQWLI\ ERWWOHQHFNV LQ WKH SURFHVV DQG RSSRUWXQLWLHV

IRU LPSURYHPHQW�

,QVLJKW LQWR WKH FDVH PDQDJHPHQW SURFHVV FDQ EH REWDLQHG E\ REVHUYDWLRQ RI KHDOWK FDUH

SURYLGHU�SDWLHQW FRQWDFWV ZKLFK KDV EHHQ GRQH IRU GLVHDVHV VXFK DV VH[XDO WUDQVPLWWHG

GLVHDVHV �9RHWHQ HW DO�� ������ FKLOGKRRG GLDUUKRHD �1L]DPL HW DO�� ����� &XWWV HW DO�� �����

DQG PDODULD �)RQW HW DO�� ������ +RZHYHU� DSDUW IURP EHLQJ WLPH�FRQVXPLQJ DQG H[SHQVLYH�

WKLV PHWKRG LV DOVR SURQH WR ELDV GXH WR FKDQJHV LQ EHKDYLRXU RI KHDOWK ZRUNHUV LQ WKH

SUHVHQFH RI REVHUYHUV �%pULD HW DO�� ����� %HXOOHQV HW DO�� ������ 8VH RI VLPXODWHG RU

VWDQGDUGLVHG SDWLHQWV GRHV QRW KDYH WKLV GLVDGYDQWDJH� EXW LW UHTXLUHV H[WHQVLYH WUDLQLQJ RI
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YROXQWHHUV LQ VLPXODWLQJ GLVHDVHV �:RRGZDUG HW DO�� ����� 5HWKDQV DQG YDQ %RYHQ� ������

0RUHRYHU� ZH ZHUH DGYLVHG QRW WR XVH WKH ODWWHU PHWKRG EHFDXVH GRFWRUV ZRXOG FRQVLGHU LW

LQWUXVLYH DQG RIIHQVLYH DQG PHUHO\ D WHVW RI WKHLU FRPSHWHQFH� :H WKHUHIRUH SUHVHQWHG WR

KHDOWK ZRUNHUV K\SRWKHWLFDO FOLQLFDO VFHQDULRV RI SDWLHQWV ZLWK V\PSWRPV SRVVLEO\ UHODWHG

WR XULQDU\ RU LQWHVWLQDO VFKLVWRVRPLDVLV� )RU IRXU VFHQDULRV� ZH DVVHVVHG WKH LQLWLDO GLDJQRVLV

DQG WKH FDVH PDQDJHPHQW SURFHVV �GLUHFW WUHDWPHQW� UHTXHVW RI D GLDJQRVWLF WHVW RU UHIHUUDO

WR DQRWKHU KHDOWK FDUH IDFLOLW\�� 7KH RXWFRPHV ZHUH XVHG WR GHWHUPLQH WKH FKDQFH RI

UHFHLYLQJ SUD]LTXDQWHO LQ FDVH VXFK FOLQLFDO VFHQDULRV ZRXOG SUHVHQW DW D KHDOWK FDUH IDFLOLW\�

7KLV DSSURDFK ZDV DSSOLHG IRU WKH KHDOWK V\VWHPV LQ *KDQD DQG 0DOL� WZR FRXQWULHV ZLWK D

GLIIHUHQW KLVWRULFDO RUJDQLVDWLRQ RI WKH KHDOWK V\VWHP DQG D GLIIHUHQW KLVWRU\ RI

VFKLVWRVRPLDVLV FRQWURO��


�����


6FKLVWRVRPLDVLV LQ *KDQD DQG 0DOL

*KDQD DQG 0DOL DUH :HVW $IULFDQ FRXQWULHV ZLWK D PHGLXP VL]HG SRSXODWLRQ� *KDQD ��

DQG 0DOL �� PLOOLRQ LQKDELWDQWV� *KDQD JDLQHG LQGHSHQGHQFH IURP *UHDW %ULWDLQ LQ ����

DQG LV QRZ D PHPEHU RI WKH &RPPRQZHDOWK� 0DOL LV SDUW RI IUDQFRSKRQH :HVW $IULFD DQG

EHFDPH LQGHSHQGHQW LQ ����� 6FKLVWRVRPLDVLV �XULQDU\ DQG LQWHVWLQDO� LV NQRZQ WR EH

HQGHPLF LQ ERWK FRXQWULHV� ,Q *KDQD� DUHDV ZLWK KLJK SUHYDOHQFHV RI VFKLVWRVRPLDVLV H[LVW

LQ WKH QRUWK� VRXWK DQG DURXQG ODNH 9ROWD �/\RQV� ����� 6FRWW HW DO�� ����� :HQ DQG &KX�

����� 0RWW HW DO�� ����D� 2IRUL�$GMHL HW DO�� ����� .OXPSS DQG :HEEH� ����� =LMOPDQV HW DO��

����� $PDQNZD HW DO�� ����� %RVRPSHP HW DO�� ����� :DJDWVXPD HW DO�� ������ ,Q 0DOL� KLJK

SUHYDOHQFH DUHDV DUH ORFDWHG LQ 2IILFH GX 1LJHU� 3D\V 'RJRQ DQG %DJXLQHGD� DQ LUULJDWHG

DUHD QHDU WKH FDSLWDO %DPDNR �7UDRUp� ����� :HUOHU� ����� 'H &OHUFT HW DO�� ����� .DUGRUII

HW DO�� ����� 'DER HW DO�� ����D� 7UDRUp HW DO�� ����D��

,Q *KDQD� D VFKLVWRVRPLDVLV FRQWURO SURJUDPPH ZKLFK GHOLYHUHG SUD]LTXDQWHO PDVV

WUHDWPHQW LQ DIIHFWHG YLOODJHV ZDV VWDUWHG DIWHU WKH FRPSOHWLRQ RI WKH $NRVRPER GDP LQ

WKH 9ROWD 5HJLRQ LQ ���� �3DSHUQD� ����� 3DSHUQD� ������ ,Q RWKHU SDUWV RI WKH FRXQWU\ QR

RIILFLDO FRQWURO SURJUDPPHV H[LVW� ,Q 0DOL� FRQWURO HIIRUWV VWDUWHG LQ ���� ZLWK WKH

HVWDEOLVKPHQW RI D QDWLRQDO VFKLVWRVRPLDVLV FRQWURO SURJUDPPH �%ULQNPDQQ HW DO�� ������

$IWHU ����� DFWLYLWLHV ZHUH GHFHQWUDOLVHG WR WKH GLVWULFW DQG UHJLRQDO KHDOWK WHDPV DQG

VFKLVWRVRPLDVLV FRQWURO ZDV LQWHJUDWHG LQ SULPDU\ KHDOWK FDUH �7UDRUp� ������

+HDOWK V\VWHPV

,Q *KDQD DQG 0DOL� JRYHUQPHQWDO KHDOWK VHUYLFHV DUH EDVHG RQ SULQFLSOHV RI SULPDU\ KHDOWK

FDUH DQG WKH %DPDNR ,QLWLDWLYH �:+2� ����� *DUQHU� ����� %LULWZXP� ������ ,Q ERWK

FRXQWULHV� KHDOWK VHUYLFHV DUH RUJDQLVHG LQ GLVWULFW KHDOWK V\VWHPV� (DFK GLVWULFW FRQWDLQV D

GLVWULFW KRVSLWDO� D QXPEHU RI KHDOWK FHQWUHV DQG VRPHWLPHV RQH RU PRUH SULYDWH FOLQLFV RU

PLVVLRQ FOLQLFV� ,Q WKH SULPDU\ KHDOWK FDUH FRQFHSW� SDWLHQWV VKRXOG ILUVW FRQWDFW WKH KHDOWK

FHQWUHV �LQLWLDO OHYHO�� KRZHYHU� SDUW RI WKH SDWLHQWV ZLOO GLUHFWO\ YLVLW WKH GLVWULFW RU UHJLRQDO
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KRVSLWDO� +HDOWK FHQWUHV DUH VWDIIHG DQG HTXLSSHG WR SURYLGH EDVLF SULPDU\ FDUH DQG

SUHYHQWLYH VHUYLFHV WR WKH SRSXODWLRQ LQ WKHLU FRYHUDJH DUHD� 3DWLHQWV ZKR FDQQRW EH

KDQGOHG DW WKH KHDOWK FHQWUH DUH UHIHUUHG WR WKH QH[W OHYHO� L�H� WKH GLVWULFW KRVSLWDOV� 7KHVH

SURYLGH FXUDWLYH FDUH WR SDWLHQWV ZKR FDQ QRW EH WUHDWHG DV RXWSDWLHQWV RU ZKR UHTXLUH

WHFKQLTXHV QRW DYDLODEOH DW WKH SULPDU\ OHYHO� ,I QHFHVVDU\� KHDOWK ZRUNHUV LQ GLVWULFW

KRVSLWDOV UHIHU FRPSOLFDWHG FDVHV WR WKH UHJLRQDO KRVSLWDOV� 1RUPDOO\� ODERUDWRU\ GLDJQRVLV

FDQ EH SHUIRUPHG DW GLVWULFW� UHJLRQDO DQG PLVVLRQ KRVSLWDOV� $OO QRQ�SULYDWH KHDOWK FDUH

IDFLOLWLHV KDYH D SKDUPDF\� ZKLFK VHOOV D OLPLWHG QXPEHU RI GUXJV GHSHQGLQJ RQ WKH OHYHO RI

WKH KHDOWK FDUH IDFLOLW\� $OWKRXJK SUD]LTXDQWHO LV QRW RQ WKH HVVHQWLDO GUXJ OLVW LQ *KDQD� LW

LV H[SHFWHG WR EH DYDLODEOH DW DOO OHYHOV RI WKH KHDOWK V\VWHP� ,Q 0DOL� SUD]LTXDQWHO LV RQ WKH

HVVHQWLDO GUXJ OLVW DQG VKRXOG WKHUHIRUH EH DYDLODEOH DW DOO WLPHV LQ DGHTXDWH DPRXQWV DQG LQ

WKH DSSURSULDWH GRVDJH IRUPV� DW D SULFH WKDW LQGLYLGXDOV DQG WKH FRPPXQLW\ FDQ DIIRUG

�KWWS���ZZZ�ZKR�LQW�PHGLFLQHV�RUJDQL]DWLRQ�SDU�HGO�LQIHGOPDLQ�VKWPO� DFFHVVHG RQ ��

���������

,QWHUYLHZV DQG GDWD FROOHFWLRQ

7KH VXUYH\HG DUHDV LQ *KDQD ZHUH WKH 1RUWK �GLVWULFWV RI .DVHQD�1DQNDQD� %XLOVD DQG

:HVW 0DPSUXVL�� (DVW �1RUWK 7RQJX DQG 6RXWK 7RQJX�� &HQWUH �%RVRPWZL .ZDQZRPD

DQG $WZLPD�� DQG 6RXWK �.UDERD &RDOWDU�� ,Q 0DOL� ZH LQFOXGHG .RXOLNRUR UHJLRQ �GLVWULFWV

RI .RORNDQL DQG %DQDPED�� 6pJRX UHJLRQ �1LRQR�� 0RSWL UHJLRQ �%DQGLDJDUD� DQG 6LNDVVR

UHJLRQ �.RORQGLpED�� 7KH GLVWULFWV UHSUHVHQW GLIIHUHQW VFKLVWRVRPLDVLV HQGHPLFLW\ OHYHOV WR

FRYHU WKH RYHUDOO VLWXDWLRQ RI VFKLVWRVRPLDVLV FRQWURO LQ WKH FRXQWU\� ,Q *KDQD� ZH VHOHFWHG

�� KHDOWK FDUH IDFLOLWLHV SHU GLVWULFW� RU DOO KHDOWK FDUH IDFLOLWLHV LI WKHUH ZHUH HOHYHQ RU OHVV

SUHVHQW� L�H� WKH GLVWULFW KRVSLWDO� RQH PLVVLRQ KRVSLWDO DQG RQH SULYDWH FOLQLF �LI SUHVHQW�

DQG D UDQGRP VDPSOH RI KHDOWK FHQWUHV DQG PLVVLRQ FOLQLFV� ,Q 0DOL� WKH GLVWULFW KRVSLWDO�

DQG UDQGRPO\� � SULYDWH FOLQLF �LI SUHVHQW� DQG �� RU �� KHDOWK FHQWUHV XQWLO D WRWDO RI ��

KHDOWK FDUH IDFLOLWLHV ZHUH LQFOXGHG SHU DUHD� ,Q WRWDO� �� KHDOWK FDUH IDFLOLWLHV ZHUH VXUYH\HG

LQ *KDQD DQG �� LQ 0DOL� 7KH\ ZHUH JURXSHG LQWR ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV �KHDOWK

FHQWUHV� PLVVLRQ FOLQLFV DQG SULYDWH FOLQLFV� DQG KRVSLWDOV �GLVWULFW KRVSLWDOV DQG PLVVLRQ

KRVSLWDOV�� ,Q HDFK VHOHFWHG KHDOWK FDUH IDFLOLW\ ZH LQWHUYLHZHG WKH SHUVRQ LQ FKDUJH� ,Q FDVH

WKLV SHUVRQ ZDV QRW SUHVHQW� WKH VHFRQG LQ FRPPDQG ZDV LQWHUYLHZHG� ,I WKHUH ZDV QR

KHDOWK ZRUNHU SUHVHQW DW WKH WLPH RI RXU YLVLW� WKH KHDOWK FDUH IDFLOLW\ ZDV YLVLWHG DW DQRWKHU

GD\� $OO VHOHFWHG KHDOWK FDUH IDFLOLWLHV SDUWLFLSDWHG LQ WKH VWXG\�

$IWHU D VKRUW LQWURGXFWLRQ ZKLFK GLG QRW UHYHDO RXU VSHFLDO LQWHUHVW LQ VFKLVWRVRPLDVLV

FRQWURO� ZH SUHVHQWHG LQ UDQGRP RUGHU IRXU FOLQLFDO VFHQDULRV ZLWK V\PSWRPV UHODWHG WR 6�

KDHPDWRELXP �$� GLVWLQFW V\PSWRPV DQG %� LQGLVWLQFW V\PSWRPV� RU 6� PDQVRQL �&� GLVWLQFW

V\PSWRPV DQG '� LQGLVWLQFW V\PSWRPV� LQIHFWLRQ� VHH %R[� :H DVNHG WKH UHVSRQGHQWV IRU

WKHLU FDVH PDQDJHPHQW LI D SDWLHQW ZLWK VFHQDULR $� %� & RU ' ZRXOG SUHVHQW DW WKHLU KHDOWK

FDUH IDFLOLW\� WKHLU LQLWLDO GLDJQRVLV �ZRUNLQJ GLDJQRVLV� DQG XVXDO DFWLRQ� :H HVSHFLDOO\

ZDQWHG WR ILQG RXW ��� LI D GLDJQRVWLF WHVW ZRXOG EH UHTXHVWHG DQG ZKLFK WHVW� ��� LI WKHUH

ZDV UHIHUUDO IRU D GLDJQRVWLF WHVW RU WUHDWPHQW� ��� WR ZKLFK KHDOWK FDUH IDFLOLW\ SDWLHQWV



C H A P T E R  9

���

ZRXOG EH UHIHUUHG� ��� ZKDW WKH DFWLRQ ZRXOG EH DIWHU D WHVW SRVLWLYH IRU VFKLVWRVRPH HJJV

DQG DIWHU D WHVW ZLWK QR DEQRUPDOLWLHV �QHJDWLYH WHVW�� DQG ��� ZKLFK WUHDWPHQW ZRXOG EH

SUHVFULEHG�

Clinical scenarios:

(A) 10 year old girl with blood in urine

(B) 40 year old man with blood in urine and painful urination

(C) 10 year old boy with abdominal discomfort and bloody diarrhoea

(D) 30 year old woman with diarrhoea and abdominal discomfort

$IWHU GLVFXVVLQJ WKH FOLQLFDO VFHQDULRV ZH DVNHG WKH UHVSRQGHQW LI 6� KDHPDWRELXP DQG 6�

PDQVRQL ZHUH HQGHPLF LQ WKH FRYHUDJH DUHD RI WKH KHDOWK FDUH IDFLOLW\� 7KHUHDIWHU�

UHVSRQGHQWV IURP DUHDV ZLWK UHSRUWHG VFKLVWRVRPLDVLV ZHUH LQWHUYLHZHG XVLQJ D VWUXFWXUHG

TXHVWLRQQDLUH� ZKLFK LQFOXGHG TXHVWLRQV DERXW NQRZOHGJH RI V\PSWRPV UHODWHG WR

VFKLVWRVRPLDVLV DQG DYDLODELOLW\ DQG FRVWV RI GLDJQRVWLF WHVWV DQG SUD]LTXDQWHO� 7KH UHVXOWV

RI WKHVH LQWHUYLHZV ZHUH SXEOLVKHG HOVHZKHUH �9DQ GHU :HUI HW DO�� ����E� 9DQ GHU :HUI HW

DO�� LQ SUHVV�D�� :H XVHG WKH GDWD DERXW WKH DYDLODELOLW\ RI SUD]LTXDQWHO LQ WKH KHDOWK FDUH

IDFLOLW\ IRU FDOFXODWLQJ WKH SUREDELOLW\ WKDW D FOLQLFDO VFHQDULR ZRXOG UHFHLYH SUD]LTXDQWHO�

$QDO\VLV

%\ PXOWLYDULDWH ORJLVWLF UHJUHVVLRQ �6366� ZH DVVHVVHG ZKHWKHU WKH IUHTXHQF\ RI

VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV DQG GLUHFW SUHVFULSWLRQ RI SUD]LTXDQWHO GLIIHUHG EHWZHHQ

ERWK FRXQWULHV� KHDOWK FDUH IDFLOLW\ OHYHO �ILUVW OHYHO YV� KRVSLWDO� RU UHSRUWHG HQGHPLFLW\�

2WKHU UHSOLHV ZHUH VWDWLVWLFDOO\ FRPSDUHG XVLQJ WKH ([DFW &KL�VTXDUH WHVW �6$6�� $ S�YDOXH

� ���� ZDV FRQVLGHUHG VLJQLILFDQW�

7KH SUREDELOLW\ RI UHFHLYLQJ D SUHVFULSWLRQ IRU SUD]LTXDQWHO ZDV FDOFXODWHG E\ FRQVLGHULQJ

DOO VLWXDWLRQV ZHUH SUHVFULSWLRQ RI SUD]LTXDQWHO LV WKH RXWFRPH RI WKH FDVH PDQDJHPHQW

SURFHVV� ��� GLUHFW SUHVFULSWLRQ� ��� DIWHU D SRVLWLYH GLDJQRVWLF WHVW� ��� DIWHU D QHJDWLYH

GLDJQRVWLF WHVW �DIWHU D SRVLWLYH VHFRQG GLDJQRVWLF WHVW� DIWHU UHIHUUDO� RU GLUHFWO\ ZLWKRXW D

VHFRQG WHVW RU UHIHUUDO�� DQG ��� UHIHUUDO RI SDWLHQWV WR KRVSLWDOV� 3UREDELOLWLHV ZHUH

FDOFXODWHG IRU DOO KHDOWK FDUH IDFLOLWLHV� LUUHVSHFWLYH RI UHSRUWHG SUHVHQFH RI LQIHFWLRQ� 7KLV

ZDV EHFDXVH 6� KDHPDWRELXP ZDV UHSRUWHG LQ PRVW VLWXDWLRQV �!���� DQG KHDOWK ZRUNHUV

ZHUH RIWHQ QRW DZDUH RI WKH H[LVWHQFH RI 6� PDQVRQL LQ WKHLU FRYHUDJH DUHD �SHUVRQDO

FRPPXQLFDWLRQ 'UV %RVRPSHP DQG 'DQVR�$SSLDK�� $V QRW DOO UHIHUUHG KRVSLWDOV ZHUH

LQFOXGHG LQ RXU VWXG\� ZH XVHG WKH DYHUDJH FDVH PDQDJHPHQW VWUDWHJ\ RI DOO YLVLWHG

KRVSLWDOV LQ WKH FRXQWU\ FRQVLGHULQJ ���� ��� DQG ��� DV DERYH� ,I D GLDJQRVWLF WHVW ZDV

UHTXHVWHG� ZH WRRN LQWR DFFRXQW WKDW QRW DOO LQIHFWHG LQGLYLGXDOV ZLOO EH IRXQG SRVLWLYH IRU

VFKLVWRVRPLDVLV E\ WKH WHVW� )URP OLWHUDWXUH VWXGLHV LW ZDV GHULYHG WKDW RQ DYHUDJH ���

�UDQJH ��²���� RI SDWLHQWV ZLWK KDHPDWXULD KDYH 6� KDHPDWRELXP HJJV LQ D XULQH ILOWUDWLRQ
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WHVW �:DUUHQ HW DO�� ����� 6DUGD HW DO�� ����D� *LJDVH HW DO�� ����� $GRP HW DO�� ����� (OWRXP HW

DO�� ����� $EGHO�:DKDE HW DO�� ����D� 6HULH\H HW DO�� ����� 0DIH� ����� +DPPDP HW DO��

����E� +DPPDP HW DO�� ����D� *DEU HW DO�� ����� $EGHO�:DKDE HW DO�� ����E�� +HDOWK

ZRUNHUV IURP ERWK *KDQD DQG 0DOL UHSRUWHG XVH RI WKH XULQH FHQWULIXJDWLRQ WHVW� ZKLFK

KDV D FRPSDUDEOH VHQVLWLYLW\ �5LFKDUGV HW DO�� ������ 7KHUHIRUH� ZH DVVXPHG WKDW ��� RI WKH

XULQH GLDJQRVWLF WHVWV ZRXOG JLYH SRVLWLYH UHVXOW IRU D KDHPDWXULD FDVH GXH WR 6� KDHPDWRELXP

LQIHFWLRQ� )RU WKH GLDJQRVLV RI 6� PDQVRQL HJJV LQ VWRRO DOO KHDOWK ZRUNHUV UHSRUWHG XVH RI

WKH GLUHFW VPHDU WHVW� 7KH .DWR�.DW] PHWKRG GHWHFWV HJJV LQ RQ DYHUDJH ��� �UDQJH �� ²

���� RI LQGLYLGXDOV ZLWK EORRG LQ VWRRO �2QJRP HW DO�� ����� $UDS 6LRQJRN HW DO�� �����

+LDWW� ����� +LDWW DQG *HEUH�0HGKLQ� ����� 5LSHUW HW DO�� ����� *XLPDUDHV HW DO�� ����� 'H

/LPD H &RVWD HW DO�� ����� 6XNZD HW DO�� ����� $EGHO�:DKDE HW DO�� ����� (OWRXP HW DO�� �����

+DELE HW DO�� ����� (O�+DZH\ HW DO�� ����� 1RRPDQ HW DO�� ����� $EGHO�:DKDE HW DO�� ����D�

%DUDNDW HW DO�� ������ $V WKH GLUHFW VPHDU WHVW KDV D ORZHU VHQVLWLYLW\ FRPSDUHG WR WKH .DWR�

.DW] PHWKRG �.DW] HW DO�� ������ ZH DVVXPHG WKDW ��� RI WKH GLUHFW VPHDU WHVWV ZRXOG JLYH

SRVLWLYH UHVXOW IRU D EORRG LQ VWRRO FDVH GXH WR 6� PDQVRQL LQIHFWLRQ�

7KH HYHQWXDO SUREDELOLW\ RI UHFHLYLQJ SUD]LTXDQWHO IRU D SDWLHQW UHSRUWLQJ DW D KHDOWK FDUH

IDFLOLW\ ZLWK V\PSWRPV FRPSDUDEOH WR VFHQDULR $� %� & RU ' ZDV EDVHG RQ WKH SUREDELOLW\

RI UHFHLYLQJ D SUHVFULSWLRQ RI SUD]LTXDQWHO DQG WKH SURSRUWLRQ RI KHDOWK FDUH IDFLOLWLHV�

DPRQJ WKRVH SUHVFULELQJ� WKDW KDG LW LQ VWRFN� 7KH SURSRUWLRQ KDYLQJ SUD]LTXDQWHO LQ VWRFN

ZDV ZHLJKHG DFFRUGLQJ WR WKH SUREDELOLW\ WKDW D YLVLW ZRXOG OHDG WR D SUHVFULSWLRQ� VR H�J�

��� DIWHU D GLDJQRVWLF WHVW DQG WKH DYHUDJH SUREDELOLW\ IRU KRVSLWDOV DIWHU UHIHUUDO�

��
���


(LJKW\�WKUHH SHUFHQW ����� RI WKH VXUYH\HG KHDOWK FDUH IDFLOLWLHV LQ *KDQD DQG ��� LQ 0DOL

ZHUH ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV� ,Q 0DOL� ��� RI WKH UHVSRQGHQWV UHSRUWHG SUHVHQFH RI

6� KDHPDWRELXP LQIHFWLRQ LQ WKHLU FRYHUDJH DUHD DQG ��� LQ *KDQD� 6� PDQVRQL LQIHFWLRQ ZDV

DOVR PRUH RIWHQ UHSRUWHG E\ KHDOWK ZRUNHUV IURP 0DOL ����� WKDQ *KDQD ������ ,Q

*KDQD� ��� RI WKH KHDOWK ZRUNHUV FRXOG QRW UHFDOO DERXW WKH H[LVWHQFH RI 6� PDQVRQL DQG

ZHUH WKHUHIRUH XQDZDUH RI WKH SUHVHQFH RI 6� PDQVRQL LQ WKHLU FRYHUDJH DUHD�

7KHUH ZDV D ZLGH YDULHW\ LQ WKH UHSRUWHG LQLWLDO GLDJQRVLV IRU WKH IRXU FOLQLFDO VFHQDULRV LQ

ERWK *KDQD DQG 0DOL� HVSHFLDOO\ IRU & DQG ' �7DEOH ����� )RU VFHQDULR $� KHDOWK ZRUNHUV

DOPRVW XQLTXHO\ PHQWLRQHG VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV� ZKHUHDV IRU % DOVR XULQDU\

LQIHFWLRQ DQG VH[XDOO\ WUDQVPLWWHG GLVHDVH �67'� ZHUH UHSRUWHG� )RU & DQG '� OHVV WKDQ

��� RI WKH KHDOWK ZRUNHUV PHQWLRQHG VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV� ,Q *KDQD� ��

DQG �� SHUFHQW RI WKH KHDOWK ZRUNHUV IURP ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV FRXOG QRW

PHQWLRQ DQ LQLWLDO GLDJQRVLV IRU UHVSHFWLYHO\ VFHQDULRV & DQG '� 0RVW RI WKHP �UHVSHFWLYHO\

�� DQG ���� ZRXOG SUHVFULEH GLUHFW WUHDWPHQW ZLWK RUDO UHK\GUDWLRQ VDOWV �256��

DQWLELRWLFV RU PHWURQLGD]ROH �GDWD QRW VKRZQ�� 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH

IUHTXHQF\ RI VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV EHWZHHQ *KDQD DQG 0DOL DQG EHWZHHQ

GLIIHUHQW KHDOWK FDUH IDFLOLW\ OHYHOV� 2QO\ IRU VFHQDULR % LQ 0DOL� VFKLVWRVRPLDVLV ZDV PRUH

RIWHQ UHSRUWHG DV LQLWLDO GLDJQRVLV LQ DUHDV HQGHPLF IRU 6� KDHPDWRELXP� $SSUR[LPDWHO\ RQH



C H A P T E R  9

���

Table 9.1: Initial diagnosis for four clinical scenarios with symptoms related to S. haematobium (A and B)
and S. mansoni infection (C and D), as reported by health workers from Ghana (n=70) and Mali (n=60).
See Box for description of clinical scenarios. Values are percentages.

TXDUWHU RI WKH KHDOWK ZRUNHUV DOVR PHQWLRQHG D VHFRQG SRVVLEOH GLDJQRVLV� 7KH GLYHUVLW\ RI

VHFRQG GLDJQRVHV ZDV FRPSDUDEOH WR WKH ILUVW LQLWLDO GLDJQRVLV� RQO\ XULQDU\ EDFWHULDO

LQIHFWLRQ ZDV PRUH RIWHQ PHQWLRQHG DV VHFRQG GLDJQRVLV IRU VFHQDULRV $ DQG %�

$ERXW �� RI WKH KHDOWK FHQWUHV LQ *KDQD DQG �� LQ 0DOL ZRXOG UHTXHVW D GLDJQRVWLF WHVW�

LUUHVSHFWLYH RI WKH FOLQLFDO VFHQDULR SUHVHQWHG �)LJXUH ����� ,Q IDFW� DOO KHDOWK FDUH IDFLOLWLHV

ZLWK ODERUDWRU\ IDFLOLWLHV LQ *KDQD ���� RI WKH VXUYH\HG KHDOWK FDUH IDFLOLWLHV� DQG DOO EXW

RQH LQ 0DOL ����� ZRXOG UHTXHVW D GLDJQRVWLF WHVW IRU WZR RU PRUH RI WKH FOLQLFDO VFHQDULRV

�QRW VKRZQ�� $OO ODERUDWRULHV XVHG WKH XULQH FHQWULIXJDWLRQ WHVW IRU WKH GLDJQRVLV RI 6�

KDHPDWRELXP LQIHFWLRQ DQG VLPSOH GLUHFW VPHDU WHVW IRU WKH GLDJQRVLV RI 6� PDQVRQL LQIHFWLRQ�

,Q *KDQD� DERXW ��� RI WKH KHDOWK ZRUNHUV LQ KHDOWK FHQWUHV UHSRUWHG WR UHIHU FOLQLFDO
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Figure 9.1: Reported case management by health workers in health centre in Ghana (n = 53) and Mali (n =
53) for four clinical scenarios with symptoms related to S. haematobium (A and B) and S. mansoni
infection (C and D). See Box for description of clinical scenarios. The drugs prescribed in case of 'direct

treatment' are given in Table 9.2.

A B

Diagnosis Ghana Mali Diagnosis Ghana Mali

Schistosomiasis 91 92 Schistosomiasis 57 57

Urinary infection 4 7 Urinary infection 29 18

Trauma 0 2 STD 10 18

Diabetes 1 0 Prostatitis 0 2

Black water fever 1 0 Renal infection 0 2

Unknown 1 0 Neoplasm 0 2

Enlarged prostate 1 0

Unknown 3 2
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Table 9.1 (continued)

VFHQDULR $ DQG %� PDLQO\ EHFDXVH WKH\ EHOLHYHG WKDW WKH\ ZHUH QRW DOORZHG WR WUHDW 6�

KDHPDWRELXP FDVHV WKHPVHOYHV�

$OPRVW DOO KHDOWK ZRUNHUV LQ KHDOWK FHQWUHV LQ 0DOL ZRXOG SUHVFULEH GLUHFW WUHDWPHQW IRU

WKH IRXU SUHVHQWHG FOLQLFDO VFHQDULRV �)LJXUH ����� ,Q *KDQD� OHVV KHDOWK ZRUNHUV SHUIRUPHG

GLUHFW WUHDWPHQW� HVSHFLDOO\ IRU VFHQDULR $ DQG % �UHVSHFWLYHO\ �� DQG ����� ,Q ERWK

FRXQWULHV� WKH 6� KDHPDWRELXP VFHQDULRV ZRXOG PRUH RIWHQ UHFHLYH D SUHVFULSWLRQ IRU

SUD]LTXDQWHO WKDQ WKH 6� PDQVRQL VFHQDULRV �7DEOH ����� )XUWKHUPRUH� 0DOLDQ KHDOWK ZRUNHUV

ZRXOG PRUH IUHTXHQWO\ SUHVFULEH SUD]LTXDQWHO WKDQ *KDQDLDQ KHDOWK ZRUNHUV IRU DOO IRXU

FOLQLFDO VFHQDULRV �S � ������ 6HYHQW\�ILYH SHUFHQW ����� RI WKH KHDOWK ZRUNHUV LQ *KDQD

WKDW PHQWLRQHG XULQDU\ VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV IRU VFHQDULR $ DQG % DQG ���

LQ 0DOL ZRXOG SUHVFULEH SUD]LTXDQWHO DORQH RU LQ FRPELQDWLRQ ZLWK RWKHU GUXJV �LQ

SDUWLFXODU DQWLELRWLFV� LI WKH SDWLHQW ZDV QRW UHIHUUHG� $SSUR[LPDWHO\ ��� RI WKH KHDOWK

ZRUNHUV LQ *KDQD ZRXOG SUHVFULEH D FRPELQDWLRQ RI WKUHH GUXJV� LQ 0DOL WKLV ZDV �������

)LJXUH ��� VKRZV WKH SUREDELOLW\ WKDW SDWLHQWV FRPSDUDEOH WR WKH FOLQLFDO VFHQDULRV ZRXOG

UHFHLYH D SUHVFULSWLRQ IRU SUD]LTXDQWHO� DFFRXQWLQJ IRU UHIHUUDO DQG DVVXPLQJ ��� SRVLWLYH

DIWHU GLDJQRVWLF WHVWLQJ� ,Q ERWK FRXQWULHV� VFHQDULRV $ DQG % KDG D PXFK KLJKHU FKDQFH RI

UHFHLYLQJ D SUHVFULSWLRQ IRU SUD]LTXDQWHO �DERXW ��� IRU *KDQD DQG ��� IRU 0DOL� WKDQ

VFHQDULRV & DQG ' �ERWK DERXW ����� 7KH WRWDO SUREDELOLW\ ZDV FRPSDUDEOH EHWZHHQ WKH

WZR FRXQWULHV� EXW LQ *KDQD PRVW SUD]LTXDQWHO SUHVFULSWLRQV �HVSHFLDOO\ IRU VFHQDULR $ DQG

%� ZHUH DIWHU UHIHUUDO� ZKHUHDV WKLV ZDV GLUHFW WUHDWPHQW LQ 0DOL�

7KH HYHQWXDO SUREDELOLW\ RI UHFHLYLQJ SUD]LTXDQWHO IRU D SDWLHQW UHSRUWLQJ DW D KHDOWK FDUH

IDFLOLW\ ZLWK V\PSWRPV FRPSDUDEOH WR VFHQDULR $� %� & RU ' LV SUHVHQWHG LQ 7DEOH ����

:LWKLQ ERWK FRXQWULHV� WKH DYDLODELOLW\ RI SUD]LTXDQWHO DSSHDUV WR LQFUHDVH ZLWK WKH

GHFUHDVLQJ SUREDELOLW\ RI SUHVFULSWLRQ RYHU VFHQDULRV� 7KLV LV PDLQO\ EHFDXVH KRVSLWDOV

�ZKLFK XVXDOO\ KDYH SUD]LTXDQWHO LQ VWRFN� PDNH WKH ODUJHVW SDUW RI VLWXDWLRQV ZKHUH

C D

Diagnosis Ghana Mali Diagnosis Ghana Mali

Bacterial infection 44 25 Food poisoning 14 37

Amoebiasis 14 32 Parasitic infection 20 28

Parasitic infection 21 22 Bacterial infection 17 13

Schistosomiasis 3 15 Malaria 19 5

Malaria 4 2 Viral infection 9 2

Food poisoning 0 5 Amoebiasis 1 10

Lack of water/food 1 0 Schistosomiasis 0 2

Viral infection 1 0 Vaginal infection 0 2

Unknown 10 0 Cholera 0 2

HIV infection 1 0

Unknown 19 0
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Table 9.2: Reported direct treatment for four clinical scenarios with symptoms related to S. haematobium
(A and B) and S. mansoni infection (C and D), as reported by health workers from Ghana and Mali. See
Box for description of clinical scenarios. Values are percentages.
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Figure 9.2: Percentage (%) of reported actions ending in prescription of praziquantel (PZQ) by health
workers in the Ghanaian (n = 70) and Malian (n = 60) health system for four clinical scenarios. The

category 'No PZQ' comprises all situations where PZQ was not prescribed: prescription of other drugs related to a
different initial diagnosis or diagnostic test, with or without referral to hospital. 1

SUD]LTXDQWHO LV OHVV RIWHQ SUHVFULEHG� 2YHUDOO� SUD]LTXDQWHO ZDV PRUH DYDLODEOH LQ 0DOL WKDQ

LQ *KDQD� 7KH DYHUDJH DYDLODELOLW\ RI WKH GUXJ LQ HDFK KHDOWK V\VWHP ZLOO EH ORZHU WKDQ WKH

YDOXHV LQ 7DEOH ���� DV SUHVHQFH RI WKH GUXJ ZLOO OHDG WR SUHVFULSWLRQ� RU YLFH YHUVD� )RU

� 2QH *KDQDLDQ KHDOWK ZRUNHU KDG QHYHU VHHQ D SDWLHQW OLNH VFHQDULR & DQG FRXOG WKHUHIRUH QRW

DQVZHU WKH TXHVWLRQV� ,Q 0DOL� RQH KHDOWK ZRUNHU UHSRUWHG IRU VFHQDULR ' WR ZDLW IRU WZR GD\V LI WKH

V\PSWRPV ZRXOG GLVDSSHDU�

A BTreatment

Ghana

(n=15)

Mali

(n=53)

Ghana

(n=23)

Mali

(n=47)

Praziquantel 47 83 13 51

Praziquantel + Antibiotics 7 4 4 13

Praziquantel + Other* 0 0 4 0

Antibiotics 20 9 57 32

Antibiotics + Other* 13 2 22 4

Other* 13 2 0 0

Total praziquantel 54 87 21 64
* Other includes: chloroquine, metrifonate, pain treatment, mebendazole, metronidazole, quinton and potassium
solution
** Other includes: oral rehydration salts (ORS), pain treatment, chloroquine, antispasmodic, antacids, multivitamins,
 immodium, kaolin suspension, salt infusion and sulfaterazol
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Table 9.2 (continued)

H[DPSOH� IRU VFHQDULRV & LQ *KDQD� � RXW RI � KRVSLWDOV WKDW SUHVFULEHG SUD]LTXDQWHO KDG LW

LQ VWRFN� ZKLOH WKLV ZDV � RXW RI � RI WKRVH ZKLFK GLG QRW SUHVFULEH�

,Q DJUHHPHQW ZLWK WKH SUREDELOLW\ RI SUHVFULSWLRQ� WKH HYHQWXDO SUREDELOLW\ RI UHFHLYLQJ

SUD]LTXDQWHO LV KLJKHU IRU FOLQLFDO VFHQDULR $ DQG % �UHVSHFWLYHO\ �� DQG ���� WKDQ IRU &

DQG ' �ERWK �����

Table 9.3: The probability of receiving praziquantel (PZQ) for patients comparable to clinical scenarios A,
B, C or D, based on the probability of receiving a prescription of PZQ (from Figure 9.2) and the proportion
of health care facilities among those prescribing that had it in stock.

Ghana MaliClinical
scenario PZQ  prescribed

(%)
PZQ in

stock (%)
Receiving
PZQ (%)

PZQ prescribed
(%)

PZQ in
stock (%)

Receiving
PZQ (%)

A 66 47 32 85 72 61

B 53 56 30 65 83 54

C 13 74 10 19 74 14

D 11 92 10 7 88 6

�	
��

	��

$OO VHOHFWHG KHDOWK ZRUNHUV DJUHHG WR SDUWLFLSDWH LQ RXU VWXG\� VXJJHVWLQJ WKDW RXU UHVHDUFK

PHWKRGRORJ\ ZDV KLJKO\ DFFHSWDEOH� :H DOVR KDG D VWURQJ LPSUHVVLRQ WKDW WKH UHVSRQGHQWV

HQMR\HG DQVZHULQJ WKH TXHVWLRQV� HVSHFLDOO\ KHDOWK ZRUNHUV IURP ILUVW OHYHO KHDOWK FDUH

IDFLOLWLHV ZHUH SOHDVHG DERXW RXU LQWHUHVW LQ WKHLU GDLO\ ZRUN� ,W ZDV IHDVLEOH WR SUHVHQW WKH

FOLQLFDO VFHQDULRV WR DOO SURIHVVLRQDO OHYHOV� LQFOXGLQJ KHDOWK ZRUNHUV ZLWK OLPLWHG WUDLQLQJ�

:H FRQVLGHU WKHVH LPSRUWDQW REVHUYDWLRQV EHFDXVH FR�RSHUDWLRQ RI KHDOWK ZRUNHUV LV

HVVHQWLDO WR FRPH WR UHOLDEOH DQVZHUV� ,Q KRVSLWDOV� WKHUH ZHUH PRUH KHDOWK ZRUNHUV

SHUIRUPLQJ FDVH PDQDJHPHQW WKDQ GRFWRUV RQO\� ,QLWLDOO\� ZH LQWHUYLHZHG GLIIHUHQW KHDOWK

C DTreatment

Ghana

(n=41)

Mali

(n=54)

Ghana

(n=55)

Mali

(n=54)

Praziquantel 0 6 0 0

Praziquantel + Antibiotics 0 2 0 0

Praziquantel + Metronidazole 0 4 0 4

Praziquantel + Antibiotics + Metronidazole 2 4 2 0

Antibiotics  12 7 4 0

Metronidazole 22 30 5 17

Antibiotics + Metronidazole 10 24 0 15

Antibiotics + Metronidazole + Other** 10 6 0 17

Metronidazole + Other** 12 15 14 20

Antibiotics + Other** 20 4 9 13

Other** 12 0 65 15

Total praziquantel 2 16 2 4
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ZRUNHUV �RI GLIIHUHQW SURIHVVLRQDO OHYHOV� LQ KRVSLWDOV WR JDLQ LQVLJKW LQWR FDVH PDQDJHPHQW

RI KRVSLWDOV� +RZHYHU� ZKHQ LQWHUYLHZLQJ VHYHUDO SHUVRQV LQ RQH KHDOWK FDUH IDFLOLW\ LW ZDV

GLIILFXOW WR NHHS WKH VXEMHFW RI WKH UHVHDUFK SURMHFW KLGGHQ IRU WKH QH[W UHVSRQGHQWV� ZLWK D

ULVN RI XQUHOLDEOH DQVZHUV� 7KHUHIRUH� ZH RQO\ SUHVHQWHG WKH UHVXOWV IURP WKH LQWHUYLHZ

ZLWK WKH ILUVW SHUVRQ� ZKLFK ZDV WKH RQH LQ FKDUJH RI WKH KHDOWK FDUH IDFLOLW\ RU KLV�KHU

UHSUHVHQWDWLYH�

2XU H[SHULHQFHV ZLWK WKH UHVHDUFK PHWKRGRORJ\ ZHUH PRUH SRVLWLYH WKDQ WKRVH RI

UHVHDUFKHUV WKDW XVHG RWKHU PHWKRGV IRU VWXG\LQJ FDVH PDQDJHPHQW� 6WXGLHV XVLQJ

VLPXODWHG SDWLHQWV UHSRUWHG KLJK UHIXVDO WR SDUWLFLSDWH �� WR ��� RI WKH VHOHFWHG JURXS�

EHFDXVH� FRQWUDU\ WR RXU H[SHULHQFHV ZLWK WKH FOLQLFDO VFHQDULRV� WKH PHWKRG ZDV QRW

DSSUHFLDWHG E\ WKH UHVSRQGHQWV �5HWKDQV DQG YDQ %RYHQ� ����� 5XVVHOO HW DO�� �����

%RZPDQ HW DO�� ����� 7DPEO\Q HW DO�� ������ $OVR� D QXPEHU RI SDUWLFLSDQWV �� WR ����

XQPDVNHG WKH VLPXODWHG SDWLHQW �:RRGZDUG HW DO�� ����� 5HWKDQV DQG YDQ %RYHQ� �����

5XVVHOO HW DO�� ����� 7DPEO\Q HW DO�� ������ ,Q JHQHUDO� TXDOLW\ RI KHDOWK ZRUNHU SHUIRUPDQFH

LV RIWHQ OHVV IDYRXUDEOH �L�H� FRPSDUHG WR VWDQGDUGV� LI PHDVXUHG E\ VLPXODWHG SDWLHQWV RU

REVHUYDWLRQ VWXGLHV FRPSDUHG WR TXHVWLRQQDLUH VXUYH\V RU FOLQLFDO VFHQDULRV �5HWKDQV DQG

YDQ %RYHQ� ����� 5XVVHOO HW DO�� ����� .RSHORZ HW DO�� ����� 1L]DPL HW DO�� ����� 2IRUL�$GMHL

DQG $UKLQIXO� ����� 9RHWHQ HW DO�� ������ 7KLV FDQ EH H[SODLQHG E\ WKH IDFW WKDW KHDOWK

ZRUNHUV SUREDEO\ JLYH VRFLDOO\ GHVLUDEOH DQVZHUV LQ TXHVWLRQQDLUH VXUYH\V� :H EHOLHYH WKDW

LQ RXU VWXG\ WKHUH ZDV QR UHDVRQ QRU SUHVVXUH IRU WKLV� EHFDXVH WKH VXEMHFW RI RXU PLVVLRQ

�VFKLVWRVRPLDVLV FDVH PDQDJHPHQW� ZDV RQO\ UHYHDOHG DIWHU WKH FOLQLFDO VFHQDULRV ZHUH

SUHVHQWHG� 7R WHVW WKH YDOLGLW\ RI WKH FOLQLFDO VFHQDULR PHWKRG� LW ZRXOG EH LQWHUHVWLQJ WR

FRPSDUH LW WR REVHUYDWLRQV RI KHDOWK SURYLGHU�SDWLHQW FRQWDFWV RU WR WKH UHVXOWV RI

VLPXODWHG SDWLHQWV�

)LJXUH ��� VKRZV WKDW ERWK SDWLHQWV ZLWK GLVWLQFW DQG LQGLVWLQFW V\PSWRPV RI VFKLVWRVRPH

LQIHFWLRQ KDYH D UDWKHU OLPLWHG SURVSHFW IRU SUHVFULSWLRQ RI SUD]LTXDQWHO LI WKH\ UHSRUW ZLWK

V\PSWRPV DW D KHDOWK FDUH IDFLOLW\� HVSHFLDOO\ FDVHV GXH WR 6� PDQVRQL LQIHFWLRQ �VFHQDULRV &

DQG '�� ,W VKRXOG EH QRWHG WKDW OLPLWHG SUHVFULSWLRQ RI SUD]LTXDQWHO GRHV QRW QHFHVVDULO\

LQGLFDWH ORZ TXDOLW\ RI FDVH PDQDJHPHQW� DV WKH VFHQDULRV PLJKW YHU\ ZHOO UHSUHVHQW

SDWLHQWV ZLWK RWKHU GLVHDVHV� (VSHFLDOO\ V\PSWRPV RI 6� PDQVRQL LQIHFWLRQ DUH QRQ�VSHFLILF

�*U\VHHOV� ����� *X\DWW HW DO�� ������ 7KHUHIRUH� GHSHQGLQJ RQ WKH HSLGHPLRORJLFDO VLWXDWLRQ

LQ WKH FRYHUDJH DUHD RI WKH KHDOWK FDUH IDFLOLW\� LW FRXOG LQ IDFW EH WKH EHVW FOLQLFDO SUDFWLFH

WR WUHDW WKHVH VFHQDULRV DV RWKHU GLVHDVHV� H�J� DPRHELDVLV� $V KDHPDWXULD LV D PRUH VSHFLILF

V\PSWRP DQG D ZHOO�NQRZQ LQGLFDWRU RI 6� KDHPDWRELXP LQIHFWLRQ �9DQ GHU :HUI HW DO�� LQ

SUHVV�D��/DQGRXUp� XQSXEOLVKHG UHVXOWV�� DOWHUQDWLYH GLDJQRVHV ZHUH QRW RIWHQ PHQWLRQHG

DQG SUD]LTXDQWHO ZDV RIWHQ �GLUHFWO\� SUHVFULEHG� ,I GLUHFW WUHDWPHQW ZDV WKH LQLWLDO DFWLRQ�

SUD]LTXDQWHO ZRXOG VLJQLILFDQWO\ PRUH RIWHQ EH GLUHFWO\ SUHVFULEHG IRU FOLQLFDO VFHQDULRV $

DQG % E\ KHDOWK FDUH IDFLOLWLHV LQ DUHDV UHSRUWHG HQGHPLF IRU 6� KDHPDWRELXP� 7KLV FRXOG QRW

EH WHVWHG IRU FOLQLFDO VFHQDULRV & DQG ' DV RQO\ YHU\ IHZ KHDOWK ZRUNHUV SUHVFULEHG

SUD]LTXDQWHO GLUHFWO\� 7KH TXDOLW\ RI WKH PDQDJHPHQW RI WKH FOLQLFDO VFHQDULRV FRXOG EH

DVVHVVHG E\ UHODWLQJ WKH DQVZHUV IURP WKH UHVSRQGHQWV WR FDVH PDQDJHPHQW JXLGHOLQHV RU
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WR WKH MXGJHPHQW RI H[SHUWV� )RU H[DPSOH� E\ PHDQV RI WKH 'HOSKL PHWKRG H[SHUWV FDQ

FRPH WR D JURXS FRQVHQVXV RQ ZKLFK UHSRUWHG FDVH PDQDJHPHQW SROLFLHV ZHUH DGHTXDWH

IRU WKH FOLQLFDO VFHQDULRV� JLYHQ D UHDVRQDEOH NQRZOHGJH DERXW WKH HSLGHPLRORJLFDO VLWXDWLRQ

RI GLIIHUHQW GLVHDVHV ZKLFK PD\ FDXVH WKH SUHVHQWHG VFHQDULRV �0LOKROODQG HW DO�� ������

7KH SUREDELOLW\ RI UHFHLYLQJ D SUHVFULSWLRQ IRU SUD]LTXDQWHO DV SUHVHQWHG LQ )LJXUH ��� LV

WKH PRVW IDYRXUDEOH LQ WKH VHQVH WKDW LW FDQ RQO\ EH REWDLQHG LI DOO SDWLHQWV FRPSO\ ZLWK

UHIHUUDO DQG EX\ WKH SUHVFULEHG PHGLFDWLRQ� 0RVW OLNHO\� QRW DOO SDWLHQWV ZLOO FRPSO\ ZLWK

UHIHUUDO �DQG YLVLW DQRWKHU KHDOWK FDUH IDFLOLW\ IRU GLDJQRVLV RU WUHDWPHQW� GXH WR WLPH DQG

PRQH\ FRQVWUDLQWV� $OVR� QRW DOO SDWLHQWV WKDW UHFHLYH D SUHVFULSWLRQ IRU SUD]LTXDQWHO ZLOO EH

DEOH WR EX\ WKH GUXJ� DV LW LV VWLOO UHODWLYHO\ H[SHQVLYH �DERXW � (XUR IRU WKH QRUPDO GRVH RI

� WDEOHWV IRU DGXOWV� DQG QRW DOZD\V DYDLODEOH LQ WKH KHDOWK FDUH IDFLOLWLHV ZKHUH LW LV

SUHVFULEHG�

,W IROORZV IURP RXU VWXG\ WKDW SDWLHQWV ZLWK V\PSWRPV VLPLODU WR VFHQDULRV $� %� & DQG '

WKDW DUH GXH WR VFKLVWRVRPH LQIHFWLRQ KDYH D ORZ SUREDELOLW\ RI DGHTXDWH WUHDWPHQW� )RU

VFHQDULRV & DQG '� WKH ORZ UDWH RI SUHVFULSWLRQ �PDLQO\ GXH WR ORZ DOHUWQHVV IRU 6� PDQVRQL�

VHH DERYH� LV WKH OLPLWLQJ IDFWRU� )RU VFHQDULRV $ DQG %� ERWK SUHVFULSWLRQ DQG DYDLODELOLW\

RI WKH GUXJ OLPLW WKH SUREDELOLW\ RI UHFHLYLQJ SUD]LTXDQWHO� ,W LV D VXEMHFW RI IXUWKHU VWXG\ WR

ILQG RXW ZKHWKHU WKLV SUREDELOLW\ FDQ EHVW EH LPSURYHG E\ FKDQJLQJ WKH SURFHGXUHV RI WKH

KHDOWK V\VWHPV �E\ WUDLQLQJ RI KHDOWK ZRUNHUV LQ LGHQWLI\LQJ VFKLVWRVRPLDVLV SDWLHQWV RU

FKDQJLQJ DOJRULWKPV� RU PDNLQJ SUD]LTXDQWHO DYDLODEOH DW ODUJHU VFDOH� +LJKHU DYDLODELOLW\

PD\ LQFUHDVH WKH QXPEHU RI SUHVFULSWLRQV� DQG KLJKHU DZDUHQHVV RI VFKLVWRVRPLDVLV PD\

LQFUHDVH SURFXUHPHQW RI SUD]LTXDQWHO� $V VDLG DERYH� HVSHFLDOO\ IRU VFHQDULRV & DQG '�

FKDQJLQJ WKH SURFHGXUHV GRHV QRW QHFHVVDULO\ UHVXOW LQ WKH EHVW VWUDWHJ\� DV RWKHU FDXVHV

WKDQ 6� PDQVRQL PD\ EH PRUH OLNHO\ H[SODQDWLRQV RI WKH V\PSWRPV� ,Q HQGHPLF DUHDV� LW LV

DOZD\V UHFRPPHQGDEOH WR KDYH VRPH SUD]LTXDQWHO DYDLODEOH LQ WKH KHDOWK V\VWHP�

,Q FRQFOXVLRQ� WKH XVH RI FOLQLFDO VFHQDULRV LV D YDOXDEOH DGGLWLRQDO UHVHDUFK PHWKRG IRU WKH

DVVHVVPHQW RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW DQG SURYLGHV D TXDQWLWDWLYH GHVFULSWLRQ RI

WKH SURFHVV RI GLDJQRVLV DQG WUHDWPHQW� ,W LV D VLPSOH IDVW PHWKRG DQG LW LV ZHOO DFFHSWHG E\

KHDOWK ZRUNHUV DW GLIIHUHQW OHYHOV RI WKH KHDOWK FDUH V\VWHP� ,I WKH SUHVHQWHG FOLQLFDO

VFHQDULRV ZLWK GLVWLQFW DQG OHVV GLVWLQFW V\PSWRPV ZHUH UHDOO\ GXH WR VFKLVWRVRPH

LQIHFWLRQ� PRVW KHDOWK FDUH IDFLOLWLHV LQ 0DOL ����� DQG DERXW ��� LQ *KDQD ZRXOG

�HYHQWXDOO\� SUHVFULEH SUD]LTXDQWHO IRU 6� KDHPDWRELXP SDWLHQWV DQG DOVR KDYH LW LQ VWRFN� 6�

PDQVRQL SDWLHQWV ZRXOG RQO\ UDUHO\ UHFHLYH D SUHVFULSWLRQ IRU SUD]LTXDQWHO �������

0RUHRYHU� RQO\ D PLQRULW\ RI WKH LQGLYLGXDOV ZLWK V\PSWRPV FDXVHG E\ 6� KDHPDWRELXP RU 6�

PDQVRQL LQIHFWLRQ �UHVSHFWLYHO\ KDHPDWXULD DQG EORRG LQ VWRRO� ZLOO YLVLW WKH UHJXODU KHDOWK

VHUYLFHV IRU WUHDWPHQW ������ 'DQVR�$SSLDK �XQSXEOLVKHG UHVXOWV�� 7KHUHIRUH� SDVVLYH FDVH

GHWHFWLRQ LV SUREDEO\ RQO\ DQ HIIHFWLYH PHWKRG IRU PRUELGLW\ FRQWURO LQ DUHDV ZLWK YHU\

KLJK HQGHPLFLW\ RI VFKLVWRVRPH LQIHFWLRQ ZKHUH PRVW FDVHV ZLWK KDHPDWXULD RU EORRG\

GLDUUKRHD DUH GXH WR VFKLVWRVRPH LQIHFWLRQ� ,Q WKHVH VLWXDWLRQV KHDOWK ZRUNHUV FDQ EH

WUDLQHG LQ SUHVFULELQJ SUD]LTXDQWHO DQG WKH SRSXODWLRQ VHQVLWLVHG WR VHHN KHDOWK FDUH �H�J�

RXWEUHDN DUHD LQ 1RUWKHUQ 6HQHJDO�� 2WKHUZLVH DGGLWLRQDO PHDVXUHV PLJKW EH QHFHVVDU\�
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:H JUDWHIXOO\ DFNQRZOHGJH WKH KHDOWK ZRUNHUV LQ *KDQD IURP WKH GLVWULFWV

.DVHQD�1DQNDQD� %XLOVD� :HVW 0DPSUXVL� 1RUWK 7RQJX� 6RXWK 7RQJX� %RVRPWZL

.ZDQZRPD� $WZLPD� DQG .UDERD DQG LQ 0DOL IURP WKH GLVWULFWV 1LRQR� %DQGLDJDUD�

.RORQGLpED� .RORNDQL DQG %DQDPED ZKR SDUWLFLSDWHG LQ WKH VWXG\ DQG -� 2WFKHUH� -�5�.�

$VLJEHH� (� $VLHGX�2SDUH� 6� .HLWD DQG 6� 'RXPELD ZKR DVVLVWHG ZLWK WKH ILHOGZRUN� :H

DOVR WKDQN 3URI '� 2IRUL�$GMHL �'LUHFWRU� 10,05� DQG 'U 6DP =� %XJUL �'LUHFWRU RI

3XEOLF +HDOWK 'LYLVLRQ� IURP WKH 0LQLVWU\ RI +HDOWK LQ *KDQD IRU WKHLU NLQG FR�RSHUDWLRQ�

7KLV VWXG\ ZDV SHUIRUPHG DV SDUW RI WKH PXOWLGLVFLSOLQDU\ SURJUDPPH �0RGHO�EDVHG

GHFLVLRQ VXSSRUW IRU VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL� 1LJHU DQG 6HQHJDO� IXQGHG E\

7KH 1HWKHUODQGV )RXQGDWLRQ IRU WKH $GYDQFHPHQW RI 7URSLFDO 5HVHDUFK �:2752�� 7KH

ILHOGZRUN ZDV VXSSRUWHG E\ WKH )RXQGDWLRQ 
9HUHQLJLQJ 7UXVWIRQGV (UDVPXV 8QLYHUVLWHLW

5RWWHUGDP
 LQ 7KH 1HWKHUODQGV�
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���� 7KH *OREDO %XUGHQ RI VFKLVWRVRPLDVLV

,Q 3DUW , RI WKLV WKHVLV� ZH SUHVHQWHG D QHZ PHWKRG WR HVWLPDWH WKH QXPEHU RI LQGLYLGXDOV

ZLWK PRUELGLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ� :H ILUVW DVVHVVHG WKH DVVRFLDWLRQ EHWZHHQ

SUHYDOHQFH RI VFKLVWRVRPH LQIHFWLRQ DQG SUHYDOHQFH RI SDWKRORJ\ RU PRUELGLW\ IURP DOO

DYDLODEOH SXEOLVKHG VWXGLHV� 7KHUHDIWHU� WKH QXPEHU RI LQGLYLGXDOV ZLWK V\PSWRPV GXH WR

LQIHFWLRQ ZLWK VFKLVWRVRPHV ZHUH HVWLPDWHG XVLQJ GDWD RQ WKH SUHYDOHQFH RI VFKLVWRVRPH

LQIHFWLRQ DQG WDNLQJ LQWR DFFRXQW KHWHURJHQHLW\ LQ LQIHFWLRQ OHYHOV RI SRSXODWLRQV ZLWKLQ

FRXQWULHV� ,Q WKH IROORZLQJ SDUDJUDSKV� ZH GLVFXVV RXU FKRLFHV DQG WKH FRQVHTXHQFHV� :H

DOVR DWWHPSW WR UH�FDOFXODWH WKH EXUGHQ RI VFKLVWRVRPLDVLV LQ '$/<V �'LVDELOLW\ $GMXVWHG

/LIH <HDUV� VXP RI \HDUV RI OLIH ORVW DQG \HDUV RI OLIH OLYHG ZLWK GLVDELOLW\��

������ 7KH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI LQIHFWLRQ DQG PRUELGLW\

7KH DVVRFLDWLRQ EHWZHHQ SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ DQG PRUELGLW\ LQ VFKRROV

RU FRPPXQLWLHV LV XVXDOO\ DVVXPHG WR EH OLQHDU �VWUDLJKW OLQH� �-HPDQHK HW DO�� �����

/ZDPER HW DO�� ����D� /HQJHOHU HW DO�� ����� $PDOL� ����� &KLSSDX[ HW DO�� ������ )RU

HVWLPDWLQJ WKH QXPEHU RI LQGLYLGXDOV DIIHFWHG E\ VFKLVWRVRPLDVLV� ZH FRQVLGHU WKH VWUDLJKW

OLQH GHWHUPLQHG E\ OLQHDU UHJUHVVLRQ OHVV VXLWDEOH� EHFDXVH LW LV QRW ELRORJLFDOO\ UHDOLVWLF DQG

LW HDVLO\ UHVXOWV LQ XQGHU� RU RYHUHVWLPDWLRQ� $OVR� LW GRHV QRW SUHFOXGH LQYDOLG SUHYDOHQFHV

RI PRUELGLW\� H�J� EHORZ �� LQ XQLQIHFWHG SRSXODWLRQV RU DERYH ���� LQ SRSXODWLRQV ZLWK

���� SUHYDOHQFH RI LQIHFWLRQ� 7KHUHIRUH� LQ RXU VWXGLHV ZH GHULYHG D QRQ OLQHDU HTXDWLRQ�

ZKLFK LQFOXGHG WKDW PRUELGLW\ PDLQO\ GHYHORSV LQ LQGLYLGXDOV ZLWK KLJK LQWHQVLWLHV RI

LQIHFWLRQ� VR WKDW SUHYDOHQFH RI PRUELGLW\ VKRXOG ULVH IDVWHU WKDQ SUHYDOHQFH RI LQIHFWLRQ�

)XUWKHUPRUH� ZH WRRN LQWR DFFRXQW WKDW DOVR LQ SRSXODWLRQV QRQ�HQGHPLF IRU VFKLVWRVRPH

LQIHFWLRQ� PRUELGLW\ VXFK DV WKDW IRXQG LQ VFKLVWRVRPLDVLV SDWLHQWV FDQ EH GHWHFWHG LQ D

SHUFHQWDJH� 7KLV EDVHOLQH SUHYDOHQFH RI PRUELGLW\ ZDV QRW LQFOXGHG LQ RXU FDOFXODWLRQV RI

WKH HVWLPDWHG QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ� :H

DVVXPHG WKDW WKH EDVHOLQH SUHYDOHQFH RI PRUELGLW\ �SDUDPHWHU D LQ WKH HTXDWLRQ�� ZKLFK

ODUJHO\ GHSHQGV RQ SRSXODWLRQV XQLQIHFWHG ZLWK VFKLVWRVRPLDVLV RU ZLWK ORZ HQGHPLFLW\� LV

HTXDO IRU ORZ DQG KLJKO\ HQGHPLF SRSXODWLRQV� ,W LV OLNHO\ WKDW WKLV LV DQ RYHUVLPSOLILFDWLRQ

DV LQIHFWLRXV GLVHDVHV WHQG WR FOXVWHU �%RRWK HW DO�� ����D�� ZKLFK ZRXOG UHVXOW LQ DQ

LQFUHDVLQJ EDVHOLQH SUHYDOHQFH RI PRUELGLW\� 6FKLVWRVRPH LQIHFWHG LQGLYLGXDOV KDYH

SUREDEO\ DOVR EHHQ H[SRVHG WR RWKHU DJHQWV� H�J� LQ HQYLURQPHQWV ZHUH QR VDQLWDU\ IDFLOLWLHV

DUH DYDLODEOH� WKH ULVN RI WUDQVPLVVLRQ RI VFKLVWRVRPLDVLV LV LQFUHDVHG EXW DW WKH VDPH WLPH

RI DPRHELDVLV �ERWK UHVSRQVLEOH IRU EORRG\ GLDUUKRHD�� $OVR� LQGLYLGXDOV OLYLQJ LQ UXUDO

DUHDV DUH PRUH OLNHO\ WR EH SRRU DQG PLJKW KDYH QXWULWLRQDO GHILFLHQFLHV� PDNLQJ WKHP

PRUH VXVFHSWLEOH IRU DQ\ GLVHDVH� :H EHOLHYH WKDW RXU DVVXPSWLRQ RI D KRUL]RQWDO EDVHOLQH

LV QRW VHULRXVO\ MHRSDUGLVHG E\ FOXVWHULQJ RI GLVHDVHV DV WKH EDVHOLQH LV SUREDEO\ PDLQO\

GHWHUPLQHG E\ PLVFODVVLILFDWLRQ� ZKLFK LV QRW DVVRFLDWHG ZLWK WKH SUHYDOHQFH RI

VFKLVWRVRPH LQIHFWLRQ� ,Q WKH PRVW OLNHO\ VLWXDWLRQ� L�H� D VOLJKWO\ LQFUHDVLQJ EDVHOLQH ZLWK

LQFUHDVLQJ SUHYDOHQFH RI LQIHFWLRQ� HVWLPDWHV RI WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\

DUH VRPHZKDW VPDOOHU WKDQ WKRVH SUHVHQWHG E\ XV LQ 7DEOHV ��� DQG ���� 'LVHQWDQJOLQJ
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PRUELGLW\ FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ DQG E\ RWKHU GLVHDVHV LV GLIILFXOW� 2QH ODERULRXV

PHWKRG LV WR GHWHFW DOO GLVHDVHV WKDW FDQ FDXVH D FHUWDLQ V\PSWRP LQ D SRSXODWLRQ� H�J�

EORRG\ GLDUUKRHD FDQ EH GXH WR LQWHVWLQDO VFKLVWRVRPLDVLV DQG DPRQJ RWKHU WKLQJV

DPRHELDVLV� VKLJHOOD DQG FDPS\OREDFWHU LQIHFWLRQ �0DQVRQ�%DKU DQG %HOO� ������ DQG WUHDW

HDFK GLVHDVH VHSDUDWHO\� 7KH DPRXQW RI PRUELGLW\ WKDW UHVROYHV DIWHU HDFK WUHDWPHQW FDQ

WKDQ EH DWWULEXWHG WR WKH GLVHDVH� $ FRPSOLFDWLRQ LV WKDW VRPH GUXJV DUH DFWLYH DJDLQVW

VHYHUDO GLVHDVHV�

7R LOOXVWUDWH WKH GLIIHUHQFH EHWZHHQ D OLQHDU DQG D QRQ�OLQHDU HTXDWLRQ ZH FDOFXODWHG WKH

HVWLPDWHG SUHYDOHQFH RI EODGGHU SDWKRORJ\ LQ D FRPPXQLW\ ZLWK �� SUHYDOHQFH RI 6�

KDHPDWRELXP LQIHFWLRQ DQG ZLWK ��� SUHYDOHQFH� ,Q D FRPPXQLW\ ZLWK �� SUHYDOHQFH RI

LQIHFWLRQ� XVLQJ D OLQHDU UHJUHVVLRQ HTXDWLRQ �\  ����� � ����[� 6366 3&� UHVXOWV LQ D

PXFK KLJKHU HVWLPDWHG SUHYDOHQFH RI EODGGHU SDWKRORJ\ �L�H� ����� WKDQ XVLQJ RXU QRQ�

OLQHDU HTXDWLRQ �&KDSWHU ��� L�H� ����� 7KH OLQHDU HTXDWLRQ UHVXOWV LQ D ORZHU HVWLPDWH RI

EODGGHU SDWKRORJ\ LQ FRPPXQLWLHV ZLWK ��� SUHYDOHQFH RI LQIHFWLRQ WKDQ RXU HTXDWLRQ �L�H�

��� YV� ����� $V PRVW FRXQWULHV KDYH D SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ DURXQG

���� WKH XVH RI D OLQHDU HTXDWLRQ ZRXOG XVXDOO\ RYHUHVWLPDWH WKH QXPEHU RI LQGLYLGXDOV

ZLWK PRUELGLW\ �7DEOH ������ 8VLQJ RXU H[DPSOH� WKH OLQHDU HTXDWLRQ HVWLPDWHG WKDW ���

PLOOLRQ LQGLYLGXDOV ZRXOG KDYH EODGGHU SDWKRORJ\ GXH WR 6� KDHPDWRELXP LQIHFWLRQ LQ $IULFD�

ZKHUHDV WKH QRQ�OLQHDU HTXDWLRQ HVWLPDWHG �� PLOOLRQ�

������ 0RUELGLW\ HVWLPDWHV

7KH HVWLPDWHG QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ �&KDSWHU �� VKRXOG EH LQWHUSUHWHG

WDNLQJ LQWR DFFRXQW XQFHUWDLQW\ LQ WKH RULJLQDO GDWD REWDLQHG IURP WKH OLWHUDWXUH� LQ WKH

HVWLPDWHG HTXDWLRQV� LQ WKH SUHYDOHQFH RI LQIHFWLRQ GDWD XVHG IRU WKH FDOFXODWLRQV DQG LQ WKH

GHJUHH RI KHWHURJHQHLW\ RI SRSXODWLRQ SUHYDOHQFHV ZLWKLQ HQGHPLF DUHDV �7DEOH ������

Table 10.1: Effect of alternative assumptions for the calculation of morbidity estimates for schistosome
infection: ↓ indicates reduction and ↑ increase in the number of individuals with morbidity.

Item Alternative Effect on morbidity estimates

Equation Linear ↑
Baseline Decreasing with prevalence of infection ↑

Increasing with prevalence of infection ↓
Lower ↓Estimated prevalence of infection in

endemic countries Higher ↑
Heterogeneity Lower ↓

Higher ↑
Symptoms* Unique ↑

Combined ↓
* For the calculation of the burden of schistosomiasis it is assumed that (1) patients can only have one symptom
 concurrently (Unique) or (2) severe symptoms are present in those individuals with milder symptoms (Combined).
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:H KDYH OLWWOH LQIRUPDWLRQ DERXW WKH TXDOLW\ RI WKH GDWD GHULYHG IURP OLWHUDWXUH� 7KH

VWXGLHV GLIIHUHG ODUJHO\ LQ VL]H DQG PHWKRGV XVHG IRU PHDVXULQJ LQIHFWLRQ DQG PRUELGLW\�

%\ RQO\ LQFOXGLQJ VWXGLHV WKDW XVHG GLUHFW SDUDVLWRORJLFDO GLDJQRVWLF PHWKRGV �.DWR�.DW]�

GLUHFW VPHDU IRU 6� PDQVRQL DQG XULQH FHQWULIXJDWLRQ DQG ILOWUDWLRQ IRU 6� KDHPDWRELXP� ZH

DWWHPSWHG WR UHGXFH YDULDQFH LQ WKH HVWLPDWHG SUHYDOHQFHV RI LQIHFWLRQ� )XUWKHUPRUH� 6�

PDQVRQL SUHYDOHQFHV ZHUH VWDQGDUGLVHG WR WKH H[SHFWHG WHVW UHVXOW RI D GHIDXOW GLDJQRVWLF

WHFKQLTXH �L�H� VLQJOH ���� PJ .DWR�.DW] IDHFDO VDPSOH�� $OVR IRU WKH PHWKRGV PHDVXULQJ

PRUELGLW\ ZH KDYH GHILQHG PLQLPXP VWDQGDUGV� 7KH UHVXOWLQJ XQFHUWDLQW\ LQ WKH HVWLPDWHG

HTXDWLRQV GXH WR GLIIHUHQFHV LQ WKH TXDOLW\ RI WKH RULJLQDO GDWD LV SDUWO\ UHIOHFWHG LQ WKH

FRQILGHQFH LQWHUYDOV�

:H KDYH XVHG D OLQHDU HTXDWLRQ �VWUDLJKW OLQH� WR DVVHVV WKH LPSDFW RI UHFDOO SHULRG OHQJWK

RQ UHSRUWHG KDHPDWXULD LQ &KDSWHU � XVLQJ VWDQGDUG VWDWLVWLFDO SURFHGXUHV �FRYDULDQFH

DQDO\VLV� DQG IRXQG QR LPSDFW RI UHFDOO SHULRG OHQJWK RQ WKH DVVRFLDWLRQ EHWZHHQ

SUHYDOHQFH RI LQIHFWLRQ DQG SUHYDOHQFH RI KDHPDWXULD� 7KH GDWD�VHWV IRU RWKHU PRUELGLW\

W\SHV �G\VXULD� GLDUUKRHD� EORRG LQ VWRRO DQG DEGRPLQDO SDLQ� PHDVXUHG E\ TXHVWLRQQDLUHV

XVLQJ GLIIHUHQW UHFDOO SHULRG OHQJWKV ZHUH LQVXIILFLHQW WR WHVW WKH LPSDFW RI UHFDOO SHULRG

OHQJWK� EXW DQ HIIHFW GLG QRW VHHP WR EH DSSDUHQW� 7KH SUHYDOHQFH RI EODGGHU SDWKRORJ\

PHDVXUHG E\ XOWUDVRXQG GLIIHUHG FOHDUO\ EHWZHHQ VFKRROV DQG FRPPXQLWLHV ZLWK VLPLODU

SUHYDOHQFH RI LQIHFWLRQ� )RU WKH RWKHU DVVRFLDWLRQV WKHUH ZDV QR FOHDU LQGLFDWLRQ IRU DQ

HIIHFW RI VWXG\ VHWWLQJ RQ WKH DVVRFLDWLRQ �GLVFXVVHG LQ &KDSWHU � DQG ��� 'LIIHUHQFHV LQ WKH

RFFXUUHQFH RI SDWKRORJ\ RU PRUELGLW\ LQ GLYHUVH JHRJUDSKLFDO DUHDV ZHUH UHSRUWHG E\

RWKHUV IRU 6� KDHPDWRELXP �7DQQHU HW DO�� ����� 0RWW HW DO�� ����E� DQG 6� PDQVRQL �*U\VHHOV�

������ 2XU GDWD VHWV GLG QRW VXJJHVW VXFK GLIIHUHQFHV�

7KH PHDQ SUHYDOHQFH RI LQIHFWLRQ LQ HQGHPLF DUHDV LQ D FRXQWU\ ZDV HVWLPDWHG XVLQJ

LQIRUPDWLRQ IURP VFKLVWRVRPLDVLV VXUYH\ GDWD �SXEOLVKHG DQG XQSXEOLVKHG VRXUFHV�� 2IWHQ

SUHYDOHQFH RI LQIHFWLRQ IRU SUH�VFKRRO FKLOGUHQ DQG DGXOWV ZDV HVWLPDWHG IURP GDWD RQ

VFKRRO FKLOGUHQ RQO\ �*X\DWW HW DO�� ����E� %URRNHU HW DO�� ����E� %URRNHU HW DO�� ������ ,W KDV

EHHQ VKRZQ EHIRUH WKDW SUHGLFWLRQ RI FRPPXQLW\ SUHYDOHQFH RI LQIHFWLRQ IURP GDWD RI

VFKRROFKLOGUHQ LV SURQH WR ELDV �%URRNHU HW DO�� ����D�� $OVR� WKH QXPEHU RI DGPLQLVWUDWLYH

XQLWV LQ $IULFD IRU ZKLFK WKHUH ZHUH GDWD ZDV RQO\ ��� �UDQJH � WR ���� IRU GLIIHUHQW

FRXQWULHV� UHTXLULQJ H[WUDSRODWLRQ DQG PRGHOOLQJ IRU WKH DUHDV ZKHUH QR GDWD ZHUH DYDLODEOH

E\ XVLQJ PRGHOV RI WKH GLVWULEXWLRQ RI LQIHFWLRQ LQ UHODWLRQ WR HQYLURQPHQWDO YDULDEOHV

�%URRNHU HW DO�� ����E�� $OWKRXJK WKH TXDOLW\ RI WKH SUHYDOHQFH RI LQIHFWLRQ GDWD FDQ EH

GLVSXWHG� DW SUHVHQW WKLV LV WKH EHVW DYDLODEOH� )XUWKHUPRUH� WKH GDWD ZHUH YHULILHG E\

FRXQWHUFKHFNLQJ ZLWK RWKHU LQIRUPDWLRQ �'RXPHQJH HW DO�� ����� DQG H[SHUW RSLQLRQ�

7KH RYHUDOO SUHYDOHQFH RI LQIHFWLRQ LQ HQGHPLF DUHDV LQ D FRXQWU\ XVXDOO\ GRHV QRW

DFFXUDWHO\ UHIOHFW WKH ORFDO VLWXDWLRQ DV VRPH DUHDV ZLOO KDYH D KLJK SUHYDOHQFHV RI LQIHFWLRQ

GXH WR� IRU H[DPSOH� WKH SUHVHQFH RI DQ LUULJDWLRQ VFKHPH� ZKHUHDV RWKHUV ZLOO KDUGO\ KDYH

LQIHFWHG FDVHV �HVSHFLDOO\ VHPL�XUEDQ DUHDV�� ,Q RXU FDOFXODWLRQV� KHWHURJHQHLW\ LQ LQIHFWLRQ

SUHYDOHQFHV �VWDQGDUG GHYLDWLRQ  ���� ZDV HVSHFLDOO\ LPSRUWDQW IRU V\PSWRPV WKDW DUH

VWURQJO\ QRQ�OLQHDUO\ UHODWHG WR SUHYDOHQFH RI LQIHFWLRQ �H�J� GLDUUKRHD DQG EORRG LQ VWRRO
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GXH WR 6� PDQVRQL LQIHFWLRQ �)LJXUH ���� DQG EODGGHU ZDOO SDWKRORJ\ DQG KDHPDWXULD GXH WR

6� KDHPDWRELXP LQIHFWLRQ �)LJXUH ������ ,I ZH KDG QRW WDNHQ LQWR DFFRXQW KHWHURJHQHLW\�

PRUELGLW\ HVWLPDWHV ZRXOG KDYH EHHQ PXFK VPDOOHU �IRU EODGGHU SDWKRORJ\ �� PLOOLRQ

LQVWHDG RI �� PLOOLRQ�� ZKHUHDV VWURQJHU KHWHURJHQHLW\ ZRXOG UHVXOW LQ KLJKHU HVWLPDWHV �L�H�

VWDQGDUG GHYLDWLRQ ��� UHVXOWV LQ ��� PLOOLRQ FDVHV RI EODGGHU SDWKRORJ\�� )RU HVWLPDWLQJ

WKH KHWHURJHQHLW\ RI LQIHFWLRQ� ZH RQO\ KDG OLPLWHG GDWD�VHWV DYDLODEOH� L�H� WZR VWXGLHV IURP

7DQ]DQLD IRU 6� KDHPDWRELXP �/HQJHOHU HW DO�� ����� *X\DWW HW DO�� ����D� DQG IRXU VWXGLHV LQ

%XUXQGL �*U\VHHOV DQG 1NXOLN\LQND� ������ &RQJR �/HQJHOHU HW DO�� ������ &{WH G
,YRLUH

�8W]LQJHU HW DO�� ����� DQG (J\SW �%DUDNDW HW DO�� ����� IRU 6� PDQVRQL� (VSHFLDOO\ IRU 6�

KDHPDWRELXP� DYDLODELOLW\ RI PRUH GDWD IURP RWKHU FRXQWULHV PLJKW LPSURYH WKH HVWLPDWH RI

KHWHURJHQHLW\� $OVR� WKH LQFOXGHG VWXGLHV SURYLGHG GDWD IRU RQH GLVWULFW DQG QRW IRU DOO

GLVWULFWV LQ DQ HQGHPLF UHJLRQ DQG LW LV OLNHO\ WKDW WKH GHJUHH RI KHWHURJHQHLW\ LQ DOO GLVWULFWV

LQ HQGHPLF UHJLRQV LV VRPHZKDW KLJKHU� )XUWKHUPRUH� LW LV SRVVLEOH WKDW KHWHURJHQHLW\

GLIIHUV EHWZHHQ FRXQWULHV� H�J� ORZ KHWHURJHQHLW\ ZKHQ WKH GLVHDVH LV RPQLSUHVHQW DQG KLJK

ZKHQ RQO\ RFFXUULQJ LQ VPDOO LUULJDWLRQ DUHDV� ,PSURYHG PRUELGLW\ HVWLPDWHV FRXOG EH

REWDLQHG E\ ��� PHDVXULQJ KHWHURJHQHLW\ IURP GDWD RQ SUHYDOHQFH RI LQIHFWLRQ LQ

FRPPXQLWLHV GLVWULEXWHG RYHU FRXQWULHV DQG IURP GLIIHUHQW FRXQWULHV� ��� E\ FDOFXODWLQJ

PRUELGLW\ HVWLPDWHV IRU GLVWULFWV XVLQJ SUHYDOHQFH RI LQIHFWLRQ GDWD IURP GLVWULFWV RU ���

FRPELQDWLRQ RI ��� DQG ���� %RWK VROXWLRQV UHTXLUH DGGLWLRQDO GDWD� ZKLFK FDQ RQO\ FRPH

IURP H[WHQVLYH UHVHDUFK RU FRQWURO SURJUDPV�

������ 0RUWDOLW\

3UHPDWXUH GHDWK DWWULEXWHV VLJQLILFDQWO\ WR WKH *OREDO %XUGHQ RI D 'LVHDVH� +RZHYHU� WKH

QXPEHU RI VWXGLHV SURYLGLQJ LQIRUPDWLRQ DERXW PRUWDOLW\ GXH WR VFKLVWRVRPLDVLV LV OLPLWHG

DQG LQVXIILFLHQW IRU HVWLPDWLQJ RYHUDOO PRUWDOLW\ GXH WR VFKLVWRVRPH LQIHFWLRQ �.DW]� �����

.KHLU HW DO�� ������ 7KHUHIRUH� ZH FDOFXODWHG VFKLVWRVRPLDVLV PRUWDOLW\ IURP WKH HVWLPDWHG

QXPEHU RI FDVHV ZLWK WZR W\SHV RI OLIH�WKUHDWHQLQJ PRUELGLW\� L�H� QRQ IXQFWLRQLQJ NLGQH\

IRU 6� KDHPDWRELXP DQG KDHPDWHPHVLV IRU 6� PDQVRQL LQIHFWLRQ �&KDSWHU ��� 7KH HVWLPDWHG

QXPEHU RI GHDWKV GXH WR WKHVH FDXVHV �������� SHU \HDU� LV VXEVWDQWLDOO\ KLJKHU WKDQ WKH

����� GHDWK WKDW ZHUH DWWULEXWHG WR VFKLVWRVRPLDVLV DQG XVHG IRU WKH ILUVW *OREDO %XUGHQ RI

VFKLVWRVRPLDVLV FDOFXODWLRQV �0XUUD\ DQG /RSH]� ������ :H UHDOLVH WKDW RXU HVWLPDWHV ZHUH

EDVHG RQ OLPLWHG GDWD DYDLODEOH� DQG UHVHDUFKHUV DQG SROLF\ PDNHUV VKRXOG EH FDXWLRXV ZLWK

XQFULWLFDOO\ UHIHUULQJ WR WKHP DV GRQH E\ 3HDUFH HW DO�� ����� +RZHYHU� ZH DUH FRQYLQFHG

WKDW WKH QXPEHU RI GHDWKV GXH WR VFKLVWRVRPLDVLV LV D PXOWLSOH RI ������ $OVR EHFDXVH RWKHU

FDXVHV RI GHDWK KDYH QRW HYHQ EHHQ LQFOXGHG� H�J� .DWD\DPD V\QGURPH� HFWRSLF OHVLRQV�

EODGGHU FDQFHU DQG OLYHU IDLOXUH� ,W PXVW EH NHSW LQ PLQG WKDW WKH DFTXLUHG

LPPXQRGHILFLHQF\ V\QGURPH �$,'6� KDV EHFRPH DQ LPSRUWDQW FRPSHWLWLYH FDXVH RI

GHDWK� HVSHFLDOO\ LQ (DVW $IULFD� 'LUHFW LQIRUPDWLRQ RQ PRUWDOLW\ UHTXLUHV ODUJH QXPEHUV RI

LQGLYLGXDOV WR EH VWXGLHG� QHFHVVLWDWLQJ HVWDEOLVKPHQW RU LPSURYHPHQW RI YLWDO KHDOWK

VWDWLVWLFV GDWD FROOHFWLRQ LQ GHYHORSLQJ FRXQWULHV�
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������ 6FDUFH GDWD

)RU D FRQVLGHUDEOH QXPEHU RI OHVV IUHTXHQWO\ RFFXUULQJ V\PSWRPV �FHUFDULDO GHUPDWLWLV�

.DWD\DPD IHYHU� QRQ IXQFWLRQLQJ NLGQH\� EODGGHU FDQFHU� HFWRSLF PRUELGLW\� DQG IRU GHDWK

GXH WR VFKLVWRVRPLDVLV �VHH �������� LQIRUPDWLRQ IURP ILHOG VWXGLHV ZDV QRW RU LQVXIILFLHQWO\

DYDLODEOH IRU HVWLPDWLQJ DQ DVVRFLDWLRQ ZLWK SUHYDOHQFH RI LQIHFWLRQ� $OWHUQDWLYH PHWKRGV

FRXOG SHUKDSV EH XVHG LQ WKHVH FDVHV�

$V DQ H[DPSOH� ZH VKRZ D PHWKRG IRU HVWLPDWLQJ PRUWDOLW\ IURP EODGGHU FDQFHU GXH WR 6�

KDHPDWRELXP LQIHFWLRQ� 1R GLUHFW LQIRUPDWLRQ ZDV DYDLODEOH� VR ZH KDG WR XVH LQIRUPDWLRQ

DERXW WKH PRUWDOLW\ UDWH IRU DOO W\SHV RI EODGGHU FDQFHU DQG WKH SUHYDOHQFH RI 6� KDHPDWRELXP

LQIHFWLRQ� ,Q (J\SW� WKH EODGGHU FDQFHU DJH�VWDQGDUGLVHG PRUWDOLW\ ZDV ���� SHU �������

SHU \HDU IRU PHQ DQG ��� SHU ������� SHU \HDU IRU ZRPHQ LQ WKH ����V LQ (J\SW �/D

9HFFKLD HW DO�� ����� DQG WKH SUHYDOHQFH RI 6� KDHPDWRELXP ZDV ����� LQ WKH 1LOH GHOWD DUHD

LQ ���� �)DURRT HW DO�� ������ $V DFWLYH FRQWURO PHDVXUHV �PDVV WUHDWPHQW FDPSDLJQV ZLWK

SUD]LTXDQWHO� KDYH RQO\ EHHQ LQWURGXFHG DIWHU ����� ZH DVVXPH WKDW WKH SUHYDOHQFH RI

LQIHFWLRQ LQ WKH ����V ZDV FRPSDUDEOH WR WKDW LQ ����� ,W LV OLNHO\ WKDW WKHUH LV DQ

XQGHUHVWLPDWLRQ RI WKH QXPEHU RI EODGGHU FDQFHU GHDWKV EHFDXVH SUREDEO\ QRW DOO FDQFHU

GHDWKV ZHUH UHJLVWHUHG LQ WKH ����V GXH WR ODFN RI PHGLFDO IDFLOLWLHV IRU GLDJQRVLV DQG

LQFRPSOHWH UHJLVWUDWLRQ� $VVXPLQJ ��� RI WKH EODGGHU FDQFHU GHDWKV EHLQJ UHJLVWHUHG

FRUUHFWO\� WKLV UHVXOWV LQ D PRUWDOLW\ UDWH RI ���� SHU ������� SHU \HDU IRU PHQ DQG ��� SHU

������� SHU \HDU IRU ZRPHQ� )URP OLWHUDWXUH ZH GHULYHG WKDW 6� KDHPDWRELXP LQIHFWLRQ RQO\

FDXVHV VTXDPRXV FHOO W\SH FDUFLQRPD �0RVWDID HW DO�� ������ :H DVVXPHG WKDW LQ (J\SW DOO

EODGGHU FDQFHUV RI WKLV W\SH ZHUH FDXVHG E\ 6� KDHPDWRELXP LQIHFWLRQ� )XUWKHUPRUH� ZH XVHG

WKH ILJXUH RI WKH JHQHUDO GHDWK UDWH RI EODGGHU FDQFHU DQG VXSSRVHG WKDW WKH GHDWK UDWH GXH

WR EODGGHU FDQFHU RI WKH VTXDPRXV FHOO W\SH ZDV VLPLODU� $ VWXG\ IURP ���� �+DVKHP�

����� UHSRUWHG WKDW LQ (J\SW ����� RI DOO EODGGHU FDQFHUV ZHUH RI VTXDPRXV FHOO W\SH� 7KLV

PHDQV WKDW WKH QXPEHU RI GHDWK GXH WR VTXDPRXV FHOO W\SH EODGGHU WXPRXUV LQ (J\SW ZDV

���� SHU ������� SHU \HDU IRU PHQ DQG ���� SHU ������� SHU \HDU IRU ZRPHQ� ,W LV

UHDVRQDEOH WR DVVXPH WKDW EODGGHU FDQFHU RQO\ RFFXUV LQ LQGLYLGXDOV ZLWK VHYHUH LQIHFWLRQ

�RQ DYHUDJH ! �� HJJV��� PO�� 8VLQJ DQ H[LVWLQJ VWRFKDVWLF HJJ FRXQW PRGHO �GHVFULEHG LQ

&KDSWHU � DQG DGMXVWHG WR 6� KDHPDWRELXP� 'H 9ODV SHUVRQDO FRPPXQLFDWLRQ� ZH

FDOFXODWHG WKDW D SUHYDOHQFH RI 6� KDHPDWRELXP RI ����� FRUUHVSRQGV WR ����� ZLWK VHYHUH

LQIHFWLRQ� 7KLV PHDQV WKDW D IUDFWLRQ RI �������� RI WKH VHYHUHO\ LQIHFWHG PHQ DQG

�������� RI WKH VHYHUHO\ LQIHFWHG ZRPHQ ZLOO GLH RI EODGGHU FDQFHU GXH WR 6� KDHPDWRELXP

LQIHFWLRQ HDFK \HDU� $V KDOI RI WKH SRSXODWLRQ LV PDOH DQG WKH RWKHU KDOI IHPDOH� ZH XVHG

WKH DYHUDJH IUDFWLRQ RI VHYHUHO\ LQIHFWHG PHQ DQG ZRPHQ WKDW ZLOO GLH RI EODGGHU FDQFHU

HDFK \HDU� 7KLV UHVXOWV LQ DERXW ������ GHDWKV GXH WR VTXDPRXV FHOO EODGGHU FDUFLQRPD

FDXVHG E\ 6� KDHPDWRELXP LQIHFWLRQ LQ $IULFD DV D ZKROH DIWHU DSSO\LQJ KHWHURJHQHLW\ LQ

SUHYDOHQFHV RI �VHYHUH� LQIHFWLRQ EHWZHHQ FRPPXQLWLHV� $JDLQ� WKLV ILJXUH VKRXOG EH XVHG

FDXWLRXVO\ DQG SDUWLFXODUO\ EH FRQVLGHUHG DV DQ LOOXVWUDWLRQ� EHFDXVH WKH\ ZHUH EDVHG RQ

OLPLWHG GDWD DQG QXPHURXV DVVXPSWLRQV�
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������ 'LVDELOLW\ ZHLJKWV

,Q WKH ILUVW *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH� VHYHULW\ RI GLVHDVH ZDV DVVHVVHG XVLQJ WKH

SHUVRQ�WUDGH�RII PHWKRG �0XUUD\ DQG /RSH]� ����E�� 6HYHULW\ RI WZHQW\�WZR LQGLFDWRU

GLVRUGHUV ZDV MXGJHG E\ D JURXS RI KHDOWK SURIHVVLRQDOV IURP HDFK UHJLRQ RI WKH ZRUOG�

ZKLFK SURGXFHG � GLVDELOLW\ FODVVHV �0XUUD\ DQG /RSH]� ������ 7KHUHDIWHU� DOO GLVDEOLQJ

VHTXHODH LQFOXGHG LQ WKH *OREDO %XUGHQ RI 'LVHDVH FDOFXODWLRQV ZHUH UDWHG DFURVV WKHVH

VHYHQ GLVDELOLW\ FODVVHV DQG WKH DYHUDJH GLVDELOLW\ ZHLJKW ZDV FDOFXODWHG� 'LVDELOLW\ ZHLJKWV

UDQJH IURP ��� FRUUHVSRQGLQJ WR SHUIHFW KHDOWK DQG ��� WR GHDWK� )RU VFKLVWRVRPLDVLV�

LQIHFWLRQ ZDV UDQNHG LQ WKHVH FODVVHV DQG D ORZ GLVDELOLW\ ZHLJKW FDOFXODWHG �L�H� ����� IRU

FKLOGUHQ DQG ����� IRU DGXOWV FDUU\LQJ WKH LQIHFWLRQ�� 'LIIHUHQFHV EHWZHHQ 6� KDHPDWRELXP

DQG 6� PDQVRQL LQIHFWLRQ ZHUH QRW DFFRXQWHG IRU� $V RXU VWXGLHV VKRZHG WKDW 6� KDHPDWRELXP

LQIHFWLRQ KDV D PXFK VWURQJHU DVVRFLDWLRQ ZLWK PRUELGLW\ WKLV ZDV QRW D FRUUHFW

DVVXPSWLRQ�

,Q RXU DWWHPSW WR FRPH WR QHZ '$/< HVWLPDWHV� ZH XVHG WKH ORZHVW GLVDELOLW\ FODVVHV �� �

DQG � IRU GHWHUPLQLQJ WKH GLVDELOLW\ ZHLJKWV RI VHYHUDO V\PSWRPV FDXVHG E\ VFKLVWRVRPH

LQIHFWLRQ� &ODVV � KDV LQGLFDWRU FRQGLWLRQV YLWLOLJR RQ WKH IDFH DQG ZHLJKW IRU KHLJKW OHVV

WKDQ � 6'V �GLVDELOLW\ ZHLJKWV ���� ² ������ &ODVV � ZDWHU\ GLDUUKRHD� VHYHUH VRUH WKURDW DQG

VHYHUH DQDHPLD �GLVDELOLW\ ZHLJKWV ���� ² ������ DQG &ODVV � UDGLXV IUDFWXUH LQ D VWLII FDVW�

LQIHUWLOLW\� HUHFWLOH G\VIXQFWLRQ� UKHXPDWRLG DUWKULWLV DQG DQJLQD �GLVDELOLW\ ZHLJKWV ���� ²

������ (DFK V\PSWRP ZDV DVVLJQHG WR D GLVDELOLW\ FODVV DQG WKH PHDQ GLVDELOLW\ ZHLJKWV RI

WKH FODVVHV ZHUH DOORFDWHG� UHVSHFWLYHO\ ����� ���� DQG ���� VHH 7DEOH �����

0RUH H[DFW FDOFXODWLRQV RI WKH '$/<V ORVW GXH WR VFKLVWRVRPLDVLV PRUELGLW\ ZRXOG FRPH

IURP DSSO\LQJ GLVDELOLW\ ZHLJKWV GHWHUPLQHG IRU HDFK VSHFLILF V\PSWRP FDXVHG E\

VFKLVWRVRPH LQIHFWLRQ� 7KHVH FDQ EH REWDLQHG E\ XVLQJ WKH PHWKRGV GHVFULEHG LQ WKH

*OREDO %XUGHQ RI 'LVHDVH OLWHUDWXUH RU E\ XVLQJ PRGLILHG PHWKRGV �0XUUD\ DQG /RSH]�

����� (VVLQN�%RW HW DO�� ����� %DOWXVVHQ HW DO�� ������ ,W DOVR UHTXLUHV LQIRUPDWLRQ RI WKH

FOXVWHULQJ RI V\PSWRPV LQ LQGLYLGXDOV� ZKLFK FDQ EH REWDLQHG IURP ILHOG VWXGLHV FROOHFWLQJ

LQIRUPDWLRQ RI RFFXUUHQFH RI VHYHUDO V\PSWRPV RQ WKH LQGLYLGXDO OHYHO� ZKLFK DUH KDUGO\

DYDLODEOH�

,W KDV EHHQ GHEDWHG LI KHDOWK VWDWXV SUHIHUHQFHV �UHIOHFWHG E\ GLVDELOLW\ ZHLJKWV� VKRXOG EH

DOORFDWHG E\ KHDOWK ZRUNHUV VXFK DV GRQH LQ E\ WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH RU

E\ OD\ SHRSOH �%DOWXVVHQ HW DO�� ����� -HOVPD HW DO�� ������ 7KH IRUPHU KDYH D EHWWHU

XQGHUVWDQGLQJ RI D ZLGH UDQJH RI KHDOWK VWDWHV� EXW WKH LVVXHV DW VWDNH UHIHU WR WKH

DOORFDWLRQ RI VRFLHWDO UHVRXUFHV� PDNLQJ OD\ SHRSOH PRUH VXLWDEOH� $OVR WKH XQLYHUVDO

DSSOLFDELOLW\ RI GLVDELOLW\ ZHLJKWV LV QRW DFFHSWHG E\ DOO UHVHDUFKHUV �8VWXQ HW DO�� ������ :H

WKLQN WKDW LW PLJKW EH SUDFWLFDO WR XVH WKH *OREDO %XUGHQ RI 'LVHDVH ZHLJKWV IRU

LQWHUQDWLRQDO FRPSDULVRQ� +RZHYHU� IRU SULRULW\ VHWWLQJ DQG UHVRXUFH DOORFDWLRQ WKH

RSLQLRQV RI WKH ORFDO SRSXODWLRQ VKRXOG EH WDNHQ LQWR DFFRXQW� $V IRU WKH TXHVWLRQ LI WKHVH

VKRXOG EH H[SHUWV RU OD\ SHRSOH� RSLQLRQV GLIIHU �:LOOLDPV� ������ ,W LV LQWHUHVWLQJ WR NQRZ

WKDW %DOWXVVXQ HW DO� ������ VKRZHG WKDW SUHIHUHQFHV RI ORFDO KHDOWK SURIHVVLRQDOV PD\ YHU\

ZHOO EH XVHG DV D SUR[\ IRU OD\ SHRSOH
V SUHIHUHQFHV�
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������ 0RUELGLW\ GXH WR VFKLVWRVRPLDVLV

,Q WKLV VHFWLRQ ZH DWWHPSW WR FDOFXODWH '$/<V ORVW GXH WR VFKLVWRVRPLDVLV PRUELGLW\ DQG

PRUWDOLW\ XVLQJ RXU HVWLPDWHV RI WKH QXPEHU RI LQGLYLGXDOV ZLWK VFKLVWRVRPLDVLV PRUELGLW\

DQG WKH GLVDELOLW\ FODVVHV RI WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH �0XUUD\ DQG /RSH]�

����E�� 7KHUHDIWHU� ZH FRPSDUH WKHVH WR WKH HDUOLHU HVWLPDWHV ZLWKRXW GLVFRXQWLQJ DQG DJH

ZHLJKLQJ� $V WKH RULJLQDO DVVXPSWLRQV DQG PHWKRGV XVHG IRU FDOFXODWLQJ WKH *OREDO

%XUGHQ RI VFKLVWRVRPLDVLV ZHUH QRW FOHDUO\ VWDWHG LQ WKH XQGHUO\LQJ SXEOLFDWLRQV� LW ZDV QRW

SRVVLEOH WR H[DFWO\ UHSURGXFH WKHP XVLQJ WKH QHZ PRUELGLW\ HVWLPDWHV �0XUUD\ DQG /RSH]�

������

,Q RXU FDOFXODWLRQV� ZH KDYH HVWLPDWHG WKH QXPEHU RI LQGLYLGXDOV ZLWK HDFK V\PSWRP

VHSDUDWHO\� (YLGHQWO\� VRPH LQGLYLGXDOV� HVSHFLDOO\ WKRVH ZLWK �D KLVWRU\ RI� KLJK ZRUP

ORDGV� KDYH PRUH WKDQ RQH V\PSWRP FRQFXUUHQWO\� 7KXV� WKH WRWDO QXPEHU RI LQGLYLGXDOV

VXIIHULQJ IURP V\PSWRPV GXH WR LQIHFWLRQ ZLWK VFKLVWRVRPHV FDQQRW EH GHULYHG IURP

VLPSO\ VXPPLQJ XS RXU HVWLPDWLRQV� )RU WKH '$/< FDOFXODWLRQV� ZH XVHG WKH FRQVHUYDWLYH

DVVXPSWLRQ WKDW DOO VHYHUH V\PSWRPV DUH SUHVHQW LQ WKRVH LQGLYLGXDOV ZLWK PLOGHU

V\PSWRPV �L�H� 1R� DIIHFWHG LQ 7DEOH ������ )RU H[DPSOH� DOO LQGLYLGXDOV ZLWK PRGHUDWH RU

PDMRU K\GURQHSKURVLV DUH DPRQJ WKH JURXS ZLWK G\VXULD� VR WKH QXPEHU RI LQGLYLGXDOV

ZLWK G\VXULD DQG QR VHYHUH V\PSWRPV LV �� PLOOLRQ ��� ² ��� ² ��� PLOOLRQ�� 2I WKH ��

PLOOLRQ LQGLYLGXDOV ZLWK KDHPDWXULD� �� PLOOLRQ ZLOO DOVR KDYH G\VXULD� WKXV �� PLOOLRQ DUH

FRXQWHG ZLWK RQO\ KDHPDWXULD� 2XU HVWLPDWLRQV IRU GLDUUKRHD DQG EORRG LQ VWRRO ZHUH

ORZHU WKDQ WKRVH IRU KHSDWRPHJDO\ DQG VSOHQRPHJDO\� )ROORZLQJ WKH VDPH UHDVRQLQJ� WKHUH

ZHUH QR LQGLYLGXDOV ZLWK RQO\ GLDUUKRHD RU EORRG LQ VWRRO GXH WR 6� PDQVRQL LQIHFWLRQ�

Table 10.2: Estimated DALYs (Disability Adjusted Life Years) lost by symptom due to infection with
schistosomes in sub-Saharan Africa. It is assumed that severe symptoms are present in those individuals with

milder symptoms. Individuals are only counted for the most severe symptoms, presented in No. affected.

Morbidity Disability
class*

Disability
weight

No. with symptoms

× 106

No. affected

× 106

DALYs

 × 106

S. haematobium
Haematuria 1 0.01 70 38 0.38
Dysuria 1 0.01 32 13 0.13
Moderate hydronephrosis 2 0.07 9.3 9.3 0.65
Major hydronephrosis 3 0.18 9.6 9.6 1.7
Total DALYs 2.9

S. mansoni
Diarrhoea 2 0.07 0.78 0.0 0.0
Blood in stool 1 0.01 4.4 0.0 0.0
Hepatomegaly 1 0.01 8.5 2.2 0.022
Splenomegaly 1 0.01 6.3 6.0 0.060
Ascitis 3 0.18 0.29 0.14 0.025
Haematemesis incidence 3 0.18 0.15** 0.15** 0.0021
Total DALYs 0.11

* Disability class 1 has indicator conditions vitiligo on the face and weight for height less than 2 SDs; Class 2
watery diarrhoea, severe sore throat and severe anaemia; and Class 3 radius fracture in a stiff cast, infertility,
erectile dysfunction, rheumatoid arthritis and angina
** See Appendix C, Chapter 5, duration of haematemesis is estimated at 4 weeks
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7KH RFFXUUHQFH RI VHYHUDO V\PSWRPV LQ RQH SHUVRQ PD\ FDXVH PRUH VXIIHULQJ WKDQ WKH

SUHVHQFH RI WKH PRVW VHYHUH V\PSWRP RQO\� +RZHYHU� ZH XVHG WKH FRQVHUYDWLYH

DVVXPSWLRQ WKDW LPSOLHG WKDW WKH PRVW VHYHUH V\PSWRP GHWHUPLQHG WKH GLVDELOLW\ FODVV�

7KH SUHOLPLQDU\ ILQGLQJV SUHVHQWHG LQ 7DEOH ���� DUH FHUWDLQO\ LQ DFFRUGDQFH ZLWK WKH

VWDWHPHQW RI WKH MRLQW :+2 ([SHUW &RPPLWWHHV RQ WKH 3UHYHQWLRQ DQG &RQWURO RI

6FKLVWRVRPLDVLV DQG 6RLO�WUDQVPLWWHG +HOPLQWKLDVLV WKDW WKH *OREDO %XUGHQ RI

VFKLVWRVRPLDVLV LV VLJQLILFDQWO\ XQGHUHVWLPDWHG �:+2� ������ :H VKRZ D KLJKHU ORVV RI

'$/<V LQ VXE�6DKDUDQ $IULFD ���� PLOOLRQ� WKDQ UHSRUWHG E\ WKH *OREDO %XUGHQ RI 'LVHDVH

,QLWLDWLYH IRU WKH VDPH UHJLRQ ���� PLOOLRQ '$/<V ORVW LQ ���� ZLWKRXW GLVFRXQWLQJ DQG DJH

ZHLJKWLQJ DQG ��� PLOOLRQ ZLWK GLVFRXQWLQJ DQG DJH ZHLJKWLQJ� �0XUUD\ DQG /RSH]� ������

2XU HVWLPDWH ZDV HYHQ FRQVHUYDWLYH EHFDXVH ZH DVVXPHG WKDW DOO LQGLYLGXDOV ZLWK VHYHUH

V\PSWRPV ZHUH SDUW RI WKH JURXS VXIIHULQJ IURP PLOGHU V\PSWRPV DQG D GLVDELOLW\ ZHLJKW

ZDV RQO\ DWWULEXWHG WR WKH PRVW VHYHUH V\PSWRP� $OVR� '$/<V ORVW GXH WR PRUWDOLW\ ZHUH

QRW LQFOXGHG LQ RXU FDOFXODWLRQV� 7KH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH HVWLPDWHG �����

GHDWKV GXH WR VFKLVWRVRPLDVLV LQ VXE�6DKDUDQ $IULFD LQ ����� $VVXPLQJ WKDW SHU GHDWK

DERXW �� \HDUV RI OLIH DUH ORVW DQG DSSO\LQJ QR GLVFRXQWLQJ QRU DJH�ZHLJKWLQJ� RQO\ ������

'$/<V RI WKH ��� PLOOLRQ DUH ORVW GXH WR PRUWDOLW\ UHVXOWLQJ LQ DERXW � PLOOLRQ '$/<V ORVW

GXH WR PRUELGLW\ DFFRUGLQJ WR WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH FDOFXODWLRQV� 2XU

PRUWDOLW\ HVWLPDWHV ZHUH FRQVLGHUDEO\ KLJKHU WKDQ WKRVH XVHG E\ WKH *OREDO %XUGHQ RI

'LVHDVH ,QLWLDWLYH� ,I ZH PDNH D FRQVHUYDWLYH FDOFXODWLRQ DVVXPLQJ ������ GHDWKV GXH WR

VFKLVWRVRPLDVLV �LQVWHDG RI ������� � ������ PHQWLRQHG LQ &KDSWHU � DQG �������� WKH

'$/<V ORVW GXH WR PRUWDOLW\ DUH � PLOOLRQ PDNLQJ RXU WRWDO '$/<V ORVW ��� PLOOLRQ�

)LQDOO\� ZH UHVWULFWHG RXUVHOYHV WR FRQVHTXHQFHV RI VFKLVWRVRPLDVLV DERXW ZKLFK VRPH

TXDQWLILFDWLRQV FRXOG EH IRXQG LQ OLWHUDWXUH� $ VLJQLILFDQW DPRXQW RI WKH EXUGHQ FRXOG EH

GXH WR D UHGXFWLRQ LQ JURZWK� SK\VLFDO ILWQHVV RU FRJQLWLYH GHYHORSPHQW �6WHSKHQVRQ� �����

1RNHV DQG %XQG\� ����� .YDOVYLJ HW DO�� ������

7KH KLJKHU ORVV RI '$/<V FDOFXODWHG LQ WKLV WKHVLV FRPSDUHG WR WKRVH SXEOLVKHG E\ WKH

*OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH IRU ���� FDQQRW EH H[SODLQHG E\ DQ LQFUHDVH LQ WKH

SUHYDOHQFHV RI VFKLVWRVRPH LQIHFWLRQ� 7KHUH LV D JHQHUDO DJUHHPHQW WKDW WKH QXPEHU RI

LQGLYLGXDOV LQIHFWHG ZLWK VFKLVWRVRPHV KDV QRW FRQVLGHUDEO\ FKDQJHG RYHU WKH ODVW GHFDGH

�&URPSWRQ� ����� %URRNHU HW DO�� ����E� &KLWVXOR HW DO�� ������ 6FKLVWRVRPLDVLV FRQWURO

VXFFHVVHV ZHUH DFKLHYHG LQ VHYHUDO FRXQWULHV VXFK DV 0RURFFR DQG &KLQD� EXW LQ RWKHU

FRXQWULHV� VXFK DV 6HQHJDO� VFKLVWRVRPLDVLV KDV H[SDQGHG GXH WR WKH FRQVWUXFWLRQ RI GDPV

DQG LUULJDWLRQ VFKHPHV� $OVR� WKH QXPEHU RI LQGLYLGXDOV OLYLQJ LQ DUHDV HQGHPLF IRU

VFKLVWRVRPLDVLV KDV ULVHQ EHFDXVH RI DQ LQFUHDVLQJ ZRUOG SRSXODWLRQ�

,I ZH FRPSDUH RXU PRUELGLW\ HVWLPDWHV WR WKRVH SXEOLVKHG E\ WKH :+2 ([SHUW

&RPPLWWHH RQ WKH FRQWURO RI VFKLVWRVRPLDVLV �:+2� ������ RXU HVWLPDWHV ZHUH VRPHZKDW

ORZHU� 7KHLU FUXGH FDOFXODWLRQV UHVXOWHG LQ �� PLOOLRQ LQGLYLGXDOV ZLWK VHYHUH GLVHDVH �QRW

GHILQHG� ���� RI WKH ��� PLOOLRQ LQIHFWHG ZLWK 6� KDHPDWRELXP RU 6� PDQVRQL LQ VXE�6DKDUDQ

$IULFD� DQG �� PLOOLRQ ZLWK V\PSWRPV ���� RI WKRVH LQIHFWHG ZLWKRXW VHYHUH GLVHDVH�� :H
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HVWLPDWHG �� PLOOLRQ LQGLYLGXDOV ZLWK VHYHUH GLVHDVH �PDMRU K\GURQHSKURVLV� DVFLWLV DQG

KDHPDWHPHVLV� DQG �� PLOOLRQ ZLWK PLOGHU V\PSWRPV�

,Q FRQFOXVLRQ� RXU '$/< FDOFXODWLRQV UHVXOW LQ D VLJQLILFDQWO\ KLJKHU EXUGHQ RI

VFKLVWRVRPLDVLV LQ $IULFD WKDQ WKH HVWLPDWLRQV RI WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH�

+RZHYHU� RXU QXPEHU RI LQGLYLGXDOV ZLWK VFKLVWRVRPLDVLV UHODWHG PRUELGLW\ ZDV VWLOO

VRPHZKDW ORZHU WKDQ WKH FUXGH HVWLPDWHV RI WKH :+2 ([SHUW &RPPLWWHH�

������ 3RVVLELOLWLHV IRU IXUWKHU UHVHDUFK RQ WKH EXUGHQ RI VFKLVWRVRPLDVLV

7KH SUHVHQWHG PRUELGLW\ HVWLPDWHV FDQ EH LPSURYHG XSRQ DQG XSGDWHG LI QHZ LQIRUPDWLRQ

EHFRPHV DYDLODEOH� (VSHFLDOO\ GDWD RQ VHYHUH PRUELGLW\ �QRQ�IXQFWLRQLQJ NLGQH\�

KDHPDWHPHVLV DQG DVFLWLV� DQG PRUWDOLW\ GXH WR VFKLVWRVRPLDVLV ZHUH VFDUFH DQG LQVXIILFLHQW

WR REWDLQ JRRG HVWLPDWHV� ,I QHZ VWXGLHV RU UHJLVWULHV SURYLGH DGGLWLRQDO GDWD RQ SRSXODWLRQ

OHYHO� WKHVH FDQ EH XVHG IRU LPSURYLQJ RXU HVWLPDWHV�

:H DWWULEXWHG WKH V\PSWRPV RI VFKLVWRVRPLDVLV WR GLVDELOLW\ FODVVHV DQG DOORFDWHG WKH

DYHUDJH GLVDELOLW\ ZHLJKW RI WKH FODVV� )RU PRUH SUHFLVH UHFDOFXODWLRQ RI WKH '$/<V ORVW

GXH WR VFKLVWRVRPLDVLV XVLQJ PRUELGLW\ HVWLPDWHV LQVWHDG RI LQIHFWLRQ GLVDELOLW\ ZHLJKWV

VKRXOG EH GHWHUPLQHG IRU WKH LQGLYLGXDOV V\PSWRPV DFFRUGLQJ WR WKH PHWKRGV GHVFULEHG

E\ WKH *OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH RU E\ XVLQJ PRGLILHG PHWKRGV�

3UHYDOHQFH RI LQIHFWLRQ GDWD ZHUH RQO\ DYDLODEOH IRU $IULFD� $V 6� KDHPDWRELXP DQG 6�

PDQVRQL LQIHFWLRQ DUH DOVR HQGHPLF RXWVLGH $IULFD �H�J� %UDVLO DQG PLGGOH HDVW� PRUELGLW\

HVWLPDWHV QHHG WR EH FDOFXODWHG IRU WKHVH FRXQWULHV WR DUULYH DW D *OREDO %XUGHQ RI

6FKLVWRVRPLDVLV� ,W PXVW EH QRWHG WKDW WKLV DGGLWLRQ ZLOO RQO\ VOLJKWO\ LQFUHDVH RXU HVWLPDWHV

DV UHODWLYHO\ IHZ LQIHFWHG LQGLYLGXDOV �� PLOOLRQ� DUH IRXQG RXWVLGH $IULFD �&KLWVXOR HW DO��

����� HYHQ WKRXJK VRPH KDYH VXJJHVWHG WKDW 6� PDQVRQL LQIHFWLRQ FDXVHV PRUH VHYHUH

PRUELGLW\ LQ %UD]LO GXH WR WKH UHFHQW LQWURGXFWLRQ RI WKH LQIHFWLRQ�

'LVHDVH FDXVHG E\ 6� MDSRQLFXP LQIHFWLRQ DOVR FRQWULEXWHV VRPHZKDW WR WKH *OREDO %XUGHQ

RI VFKLVWRVRPLDVLV� $SSUR[LPDWHO\ ��� PLOOLRQ LQGLYLGXDOV DUH LQIHFWHG ZLWK WKLV VSHFLHV DQG

LW LV VXSSRVHG WR FDXVH PRUH VHYHUH V\PSWRPV WKDQ 6� PDQVRQL LQIHFWLRQ �-RUGDQ HW DO�� �����

&KLWVXOR HW DO�� ������ ,QIRUPDWLRQ RQ 6� MDSRQLFXP SUHYDOHQFH OHYHOV DQG SUHYDOHQFH RI

PRUELGLW\ ZDV PDLQO\ DYDLODEOH IURP WKH &KLQHVH OLWHUDWXUH DQG WKHUHIRUH QRW UHDGLO\

DFFHVVLEOH� ,Q ����� D FROODERUDWLYH UHVHDUFK SURMHFW ZLOO VWDUW ZLWK &KLQHVH UHVHDUFKHUV WR

H[SORUH WKLV OLWHUDWXUH RQ LQIHFWLRQ DQG PRUELGLW\� %\ XVLQJ WKH GHYHORSHG PHWKRGRORJ\�

HVWLPDWHV RI PRUELGLW\ GXH WR 6� MDSRQLFXP LQIHFWLRQ PD\ WKHQ EH FDOFXODWHG� 7ZR RWKHU

VSHFLHV� 6� LQWHUFDODWXP DQG 6� PHNRQJLL� DUH RQO\ SUHVHQW LQ D VPDOO QXPEHU RI LQGLYLGXDOV DQG

RI PLQRU LPSRUWDQFH IRU WKH *OREDO %XUGHQ RI VFKLVWRVRPLDVLV�

,W ZRXOG DOVR EH LQWHUHVWLQJ WR YDOLGDWH WKH FDOFXODWHG PRUELGLW\ HVWLPDWHV� 7KLV FRXOG EH

GRQH E\ DVVHVVLQJ WKH QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ DW GLVWULFW RU YLOODJH OHYHO XVLQJ

ORFDO SUHYDOHQFH RI LQIHFWLRQ GDWD DQG FRPSDULQJ WKHVH HVWLPDWHV WR PRUELGLW\ GDWD IURP

UHJLVWULHV LQ WKH VDPH GLVWULFW RU YLOODJH� 7KH GHYHORSHG PHWKRGRORJ\ FDQ DOVR EH DSSOLHG WR

HVWLPDWH WKH QXPEHU RI LQGLYLGXDOV ZLWK VLJQV DQG V\PSWRPV GXH WR RWKHU LQIHFWLRXV
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GLVHDVHV� SDUWLFXODUO\ WKRVH LQ ZKLFK GHYHORSPHQW RI GLVHDVH GHSHQGV RQ WKH LQWHQVLW\ RI

LQIHFWLRQ� H�J� DQDHPLD GXH WR KRRNZRUP LQIHFWLRQ�

*+),�%�
�������������"���
��	
��
��	�
	


,Q 3DUW ,, RI WKLV WKHVLV� ZH SUHVHQWHG WKH UHVXOWV RI RXU VWXGLHV RQ VFKLVWRVRPLDVLV FDVH

PDQDJHPHQW LQ KHDOWK FDUH IDFLOLWLHV RI *KDQD� 0DOL DQG 6HQHJDO� 7KH KHDOWK V\VWHPV LQ WKH

WKUHH FRXQWULHV KDYH D GLIIHUHQW KLVWRU\ DQG SROLF\ IRU VFKLVWRVRPLDVLV FRQWURO� *KDQD GRHV

QRW KDYH D QDWLRQDO SROLF\ IRU LQWHJUDWHG FRQWURO� ZKHUHDV 0DOL KDV D QDWLRQDO

VFKLVWRVRPLDVLV FRQWURO SURJUDP VLQFH ���� DQG LV LQ WKH SURFHVV RI VKLIWLQJ IURP YHUWLFDO

WR LQWHJUDWHG FRQWURO� 1RUWKHUQ 6HQHJDO KDV EHHQ HYDOXDWHG DW WKH HQG RI D SURMHFW WKDW

DLPHG DW LPSURYLQJ LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO� ,Q WKLV SDUW RI WKH GLVFXVVLRQ� ZH

FRPSDUH WKH TXDOLW\ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW LQ WKH WKUHH FRXQWULHV XVLQJ WKH

UHVXOWV RI &KDSWHUV �� � DQG �� DQG H[DPLQH WKH GLIIHUHQFHV EHWZHHQ WKH FRXQWULHV DQG WKH

DGYDQWDJHV DQG GLVDGYDQWDJHV RI SDVVLYH FDVH GHWHFWLRQ�

������ 5HVXOWV RI WKH FRPSDULVRQ RI VFKLVWRVRPLDVLV FRQWURO LQ *KDQD� 0DOL DQG 6HQHJDO

7KH TXHVWLRQQDLUH PHWKRG SURYLGHG LQIRUPDWLRQ RQ SUH�UHTXLVLWHV IRU WUHDWPHQW RI

VFKLVWRVRPLDVLV FDVHV DW WKH KHDOWK FDUH IDFLOLW\� ��� DFWLYH NQRZOHGJH RI KHDOWK ZRUNHUV

DERXW WKH SUHVHQWLQJ V\PSWRPV RI VFKLVWRVRPLDVLV� ��� XVH DQG DYDLODELOLW\ RI GLDJQRVWLF

WHVWV� ��� DFTXDLQWDQFH ZLWK UHFRPPHQGHG WUHDWPHQW DQG GRVDJH RI WKH GUXJ� DQG ���

DYDLODELOLW\ SUD]LTXDQWHO� +HUH ZH FRPSDUH WKHVH SUHUHTXLVLWHV IRU VFKLVWRVRPLDVLV FDVH

PDQDJHPHQW EHWZHHQ WKH WKUHH FRXQWULHV DQG DOVR LQFOXGH WKH RXWFRPHV RI WKH FOLQLFDO

VFHQDULR VWXG\ �&KDSWHU ���

7KH SHUFHQWDJH VXUYH\HG KRVSLWDOV� KHDOWK FHQWUHV DQG SULYDWH FOLQLFV ZDV QRW VLJQLILFDQWO\

GLIIHUHQW LQ *KDQD� 0DOL DQG 6HQHJDO �S  ������ 7KH QXPEHU RI KHDOWK ZRUNHUV UHSRUWLQJ

SUHVHQFH RI 6� KDHPDWRELXP LQIHFWLRQ LQ WKH FRYHUDJH DUHD RI WKHLU KHDOWK FDUH IDFLOLW\ ZDV

VRPHZKDW KLJKHU LQ 6HQHJDO DQG 0DOL WKDQ LQ *KDQD �S  ������ (QGHPLFLW\ RI 6� PDQVRQL

LQIHFWLRQ ZDV DOVR PRUH RIWHQ UHSRUWHG LQ 6HQHJDO DQG 0DOL WKDQ LQ *KDQD �S  ������� ,Q

*KDQD� ��� RI WKH KHDOWK ZRUNHUV FRXOG QRW HYHQ UHFDOO DERXW WKH H[LVWHQFH RI 6� PDQVRQL

DQG ZHUH FRQVLGHUHG XQDZDUH RI WKH SUHVHQFH RI 6� PDQVRQL LQ WKHLU FRYHUDJH DUHD�

$FWLYH NQRZOHGJH RI WKH PDLQ SUHVHQWLQJ V\PSWRP RI 6� KDHPDWRELXP� KDHPDWXULD� ZDV

JRRG LQ WKH WKUHH VXUYH\HG FRXQWULHV� ,Q *KDQD DQG 0DOL� WKH FOLQLFDO VFHQDULRV ZLWK 6�

KDHPDWRELXP V\PSWRPV RIWHQ UHFHLYHG XULQDU\ VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV� 7KH PDLQ

SUHVHQWLQJ V\PSWRPV RI 6� PDQVRQL LQIHFWLRQ� EORRG LQ VWRRO DQG DEGRPLQDO SDLQ� ZHUH OHVV

RIWHQ PHQWLRQHG WKDQ WKRVH RI 6� KDHPDWRELXP LQIHFWLRQ LQ DOO WKUHH FRXQWULHV� 7KH\ ZHUH

PHQWLRQHG E\ PRUH KHDOWK ZRUNHUV LQ 6HQHJDO DQG 0DOL WKDQ LQ *KDQD �S � ������� 7KH

WZR FOLQLFDO VFHQDULRV ZLWK V\PSWRPV RI 6� PDQVRQL LQIHFWLRQ ZHUH UDUHO\ GLDJQRVHG DV

LQWHVWLQDO VFKLVWRVRPLDVLV SDWLHQWV LQ WKH WZR VXUYH\HG FRXQWULHV� '\VXULD ZDV PRUH RIWHQ

PHQWLRQHG E\ KHDOWK ZRUNHUV LQ 0DOL ����� WKDQ WKRVH LQ *KDQD ����� DQG 6HQHJDO �����

�S  ������ ZKHQ KHDOWK ZRUNHUV ZHUH UHTXHVWHG WR PHQWLRQ V\PSWRPV FDXVHG E\ 6�
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KDHPDWRELXP LQIHFWLRQ� ZKHUHDV WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH IUHTXHQF\ WKDW

SHOYLF GLVFRPIRUW ZDV UHSRUWHG �DSSUR[LPDWHO\ �����

)LUVW OHYHO KHDOWK FDUH IDFLOLWLHV LQ HQGHPLF DUHDV LQ *KDQD ZRXOG PRUH RIWHQ UHTXHVW D

GLDJQRVWLF WHVW WR FRQILUP WKH V\PSWRP�EDVHG GLDJQRVLV 
XULQDU\ VFKLVWRVRPLDVLV
 IRU

SDWLHQWV SUHVHQWLQJ ZLWK KDHPDWXULD WKDQ LQ 0DOL DQG 6HQHJDO �UHVSHFWLYHO\ ��� �� DQG ����

S � ������� $OVR IRU WKH WZR FOLQLFDO VFHQDULRV ZLWK V\PSWRPV RI 6� KDHPDWRELXP LQIHFWLRQ

GLDJQRVWLF WHVWV ZHUH WZLFH DV RIWHQ UHTXHVWHG E\ WKH *KDQDLDQ KHDOWK ZRUNHUV WKDQ E\

KHDOWK ZRUNHUV LQ 0DOL� )RU SDWLHQWV SUHVHQWLQJ ZLWK EORRG LQ VWRRO RU EORRG\ GLDUUKRHD

DQG VXVSHFWHG RI 6� PDQVRQL LQIHFWLRQ� ��� RI WKH ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV LQ *KDQD�

��� LQ 0DOL DQG ��� LQ 6HQHJDO ZRXOG FRQILUP WKH GLDJQRVLV E\ UHTXHVWLQJ D GLDJQRVWLF

WHVW �S  ������ 5HIHUUDO IRU D GLDJQRVWLF WHVW DGGV WR WKH ULVN RI QRQ�FRPSOLDQFH� DV QRW DOO

SDWLHQWV ZLOO FRPSO\ ZLWK D UHIHUUDO GXH WR WLPH DQG PRQH\ FRQVWUDLQWV� $OO ODERUDWRULHV

UHSRUWHG XVH RI WKH XULQH FHQWULIXJDWLRQ WHVW IRU GLDJQRVLQJ 6� KDHPDWRELXP LQIHFWLRQ� RQO\

LQ 6HQHJDO IRXU KHDOWK FDUH IDFLOLWLHV UHSRUWHG WR XVH WKH PRUH VSHFLILF XULQH ILOWUDWLRQ WHVW�

7KH HTXLSPHQW DQG PDWHULDO QHFHVVDU\ IRU SHUIRUPLQJ WKHVH WHVWV ZDV LQ VWRFN DW WKH

PRPHQW RI WKH LQWHUYLHZ� 6HYHQ KHDOWK FDUH IDFLOLWLHV LQ 6HQHJDO UHSRUWHG WR SHUIRUP WKH

.DWR�.DW] IDHFDO VPHDU WHVW IRU GLDJQRVLQJ 6� PDQVRQL LQIHFWLRQ LQ WKHLU ODERUDWRU\� 6L[ RI

WKHP KDG WKH QHFHVVDU\ PDWHULDOV LQ VWRFN� 7KH RWKHU WZR FRXQWULHV H[FOXVLYHO\ XVHG WKH

GLUHFW VPHDU WHVW IRU GLDJQRVLQJ 6� PDQVRQL� DQG QRW WKH :+2 UHFRPPHQGHG PRUH

VHQVLWLYH .DWR�.DW] WHVW� ,W VKRXOG EH QRWHG WKDW WKH GLDJQRVWLF WHVWV XVHG �HVSHFLDOO\ WKH

XULQH FHQWULIXJDWLRQ WHVW DQG WKH GLUHFW VPHDU WHVW� KDYH D ORZ VHQVLWLYLW\ DQG ZLOO WKHUHIRUH

OHDYH LQIHFWHG LQGLYLGXDOV XQGLDJQRVHG�

)HZHU KHDOWK ZRUNHUV ZRXOG SUHVFULEH SUD]LTXDQWHO IRU WUHDWPHQW RI 6� KDHPDWRELXP

LQIHFWLRQ LQ *KDQD WKDQ LQ 0DOL DQG 6HQHJDO �S � ������� 7DEOH ����� 7KLUW\�ILYH SHUFHQW RI

Table 10.3: Prescription of praziquantel for S. haematobium or S. mansoni infection and availability in
health care facilities (%) with reported endemicity of S. haematobium or S. mansoni in Ghana, Mali and
Senegal.

S. haematobium S. mansoni

Ghana
(n=49)

Mali
(n=50)

Senegal
(n=50)

Ghana
(n=12)

Mali
(n=22)

Senegal
(n=26)

Prescription of praziquantel 53 98 100 92 86 100

Prescription of praziquantel and

praziquantel in stock
22 78 72 50 68 73

Prescription of praziquantel at 40 mg
kg-1 body weight and praziquantel in

stock

12 72 63 25 64 62

WKH *KDQDLDQ KHDOWK ZRUNHUV LQ VFKLVWRVRPH HQGHPLF DUHDV UHSRUWHG WR UHIHU WKHLU SDWLHQWV

IRU SUHVFULSWLRQ RI 6� KDHPDWRELXP WUHDWPHQW� $OWKRXJK SUD]LTXDQWHO LV H[SHFWHG WR EH

DYDLODEOH DW DOO OHYHOV RI WKH KHDOWK V\VWHP� KHDOWK ZRUNHUV DW ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV

RIWHQ VXSSRVHG WKDW WKH\ ZHUH QRW DOORZHG WR SUHVFULEH SUD]LTXDQWHO WKHPVHOYHV� %RWK IRU

WUHDWPHQW RI 6� KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQ SUD]LTXDQWHO ZDV RIWHQ QRW LQ VWRFN�
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DQG WKH UHFRPPHQGHG GRVDJH RI �� PJ NJ�� ERG\ ZHLJKW ZDV QRW DOZD\V SUHVFULEHG E\ WKH

*KDQDLDQ KHDOWK ZRUNHUV�

7KH WRWDO FRVWV RI WUHDWPHQW IRU VFKLVWRVRPLDVLV FRQYHUWHG WR (XURV GLIIHUHG VOLJKWO\

EHWZHHQ WKH WKUHH FRXQWULHV DQG ZDV ORZHVW LQ 6HQHJDO DQG KLJKHVW LQ 0DOL �)LJXUH ������

&RVWV RI WUHDWPHQW FRUUHFWHG IRU SXUFKDVLQJ SRZHU GLIIHUHQFHV� �UHODWLYH FRVWV� ZHUH

KLJKHVW LQ *KDQD DQG ORZHVW LQ 6HQHJDO� 7KH FRVWV DUH FRQVLGHUDEOH FRPSDUHG WR WKH

FRUUHFWHG *13 SHU FDSLWD �*KDQD ������ 0DOL ��� DQG 6HQHJDO ����� LQWHUQDWLRQDO ��

KWWS�??GHYGDWD�ZRUOGEDQN�RUJ� DQG DUH OLNHO\ WR EH WRR KLJK IRU LQGLYLGXDOV VXIIHULQJ IURP

V\PSWRPV RI VFKLVWRVRPLDVLV� ,QGHHG� 
QRW KDYLQJ PRQH\
 ZDV RQH RI WKH PDLQ UHDVRQV IRU

QRW YLVLWLQJ D KHDOWK FDUH IDFLOLW\ IRU V\PSWRPV UHODWHG WR VFKLVWRVRPH LQIHFWLRQ LQ D VXUYH\

LQ 6RXWKHUQ *KDQD� EXW LQGLYLGXDOV IURP KLJKHU VRFLDO FODVVHV GLG QRW YLVLW KHDOWK FDUH

IDFLOLWLHV PRUH RIWHQ IRU V\PSWRPV VXFK DV KDHPDWXULD DQG EORRG LQ VWRRO �'DQVR�$SSLDK
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Figure 10.1: Costs (converted to Euros) and relative costs (converted to international $) of treatment for
schistosomiasis in areas reported endemic in Ghana (G), Mali (M) and Senegal (S).

,Q FRQFOXVLRQ� SUH�UHTXLVLWHV IRU VFKLVWRVRPLDVLV FDVH PDQDJHPHQW ZHUH OHVV IDYRXUDEOH LQ

*KDQD WKDQ LQ 0DOL DQG 6HQHJDO� 3DWLHQWV ZHUH PRUH RIWHQ UHIHUUHG IRU D GLDJQRVWLF WHVW RU

IRU WUHDWPHQW� ZKLFK HQODUJHV WKH ULVN RI QRQ�FRPSOLDQFH DQG LQFUHDVHV WKH WRWDO FRVWV RI

WUHDWPHQW GXH WR H[WUD WUDQVSRUWDWLRQ FRVWV� 7KH PDLQ GLIIHUHQFH EHWZHHQ *KDQD DQG WKH

RWKHU WZR FRXQWULHV LV WKDW WKHUH LV QR �QDWLRQDO� VFKLVWRVRPLDVLV FRQWURO SURJUDP DQG WKDW

LQ PRVW SDUWV RI WKH FRXQW\ VFKLVWRVRPLDVLV KDV QHYHU UHFHLYHG VSHFLDO DWWHQWLRQ� 7KH

VSHFLDO SURMHFW WKDW DLPHG DW LPSURYLQJ LQWHJUDWHG VFKLVWRVRPLDVLV FRQWURO LQ 6HQHJDO

SURYHV WKDW LW LV SRVVLEOH WR UHDFK KLJK OHYHOV RI SDVVLYH FDVH GHWHFWLRQ ZLWKLQ D UHODWLYHO\

VKRUW WLPH� 7KHUHIRUH� LPSOHPHQWLQJ D VFKLVWRVRPLDVLV FRQWURO SURJUDP RU SROLF\ LQ WKH

� &RQYHUVLRQ IURP ORFDO FXUUHQF\ WR LQWHUQDWLRQDO � XVLQJ SXUFKDVLQJ SRZHU SDULW\ FRQYHUVLRQ IDFWRU ����� IRU

*KDQD� ����� IRU 0DOL DQG ����� IRU 6HQHJDO �KWWS���ZZZ�ZRUOGEDQN�RUJ�GDWD�LFS�SSSGDWD�KWP� DFFHVVHG ���

��������
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*KDQDLDQ KHDOWK V\VWHP PLJKW VHULRXVO\ LPSURYH WKH FKDQFH RI DGHTXDWH WUHDWPHQW IRU

SDWLHQWV UHSRUWLQJ ZLWK V\PSWRPV FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ DW D KHDOWK FDUH IDFLOLW\�

������ 0HDVXULQJ TXDOLW\ RI FDVH PDQDJHPHQW

,W LV FOHDU WKDW D FRQVLGHUDEOH QXPEHU RI KHDOWK ZRUNHUV ZRXOG QRW WUHDW WKH FOLQLFDO

VFHQDULRV SUHVHQWHG LQ &KDSWHU � DV VFKLVWRVRPLDVLV FDVHV� HVSHFLDOO\ WKRVH UHVXOWLQJ IURP

6� PDQVRQL� +RZHYHU� WKLV GRHV QRW QHFHVVDULO\ PHDQ ORZ TXDOLW\ RI FDVH PDQDJHPHQW DV WKH

VFHQDULRV PLJKW MXVW DV ZHOO UHSUHVHQW SDWLHQWV ZLWK RWKHU GLVHDVHV� ,Q DQ DWWHPSW WR

HYDOXDWH WKH JHQHUDO TXDOLW\ RI WKH DQVZHUV RI WKH KHDOWK ZRUNHUV� ZH SUHVHQWHG WKH DQVZHUV

JLYHQ E\ WKH KHDOWK ZRUNHUV IRU WKH FOLQLFDO VFHQDULRV WR IRXU H[SHUWV �PHGLFDO GRFWRUV�

ZLWK H[SHULHQFH LQ SULPDU\ KHDOWK FDUH LQ *KDQD DQG IRXU LQ 0DOL� 7KH\ ZHUH UHTXHVWHG WR

JLYH WKHLU RSLQLRQ DERXW WKH LQLWLDO GLDJQRVLV VXJJHVWHG E\ WKH KHDOWK ZRUNHUV DQG WKH

SUHVFULEHG WUHDWPHQW �LI GLUHFW WUHDWPHQW ZDV SHUIRUPHG� IRU WKH IRXU FOLQLFDO VFHQDULRV�

(DFK GLIIHUHQW LQLWLDO GLDJQRVLV ZDV MXGJHG DV 
JRRG
� 
VXE�RSWLPDO
 RU 
LQFRUUHFW
 E\ WKH

H[SHUWV� ,I QR GLDJQRVLV ZDV JLYHQ E\ WKH KHDOWK ZRUNHU LW ZDV VFRUHG DV LQFRUUHFW�

7KHUHDIWHU� WKH\ ZHUH DVNHG WR DVVHVV WKH TXDOLW\ RI WKH SUHVFULEHG WUHDWPHQW LQ WKH VDPH

FDWHJRULHV� 7KH TXDOLW\ RI WKH LQLWLDO GLDJQRVLV DQG WKH SUHVFULEHG WUHDWPHQW RI D KHDOWK

ZRUNHU IRU D FOLQLFDO VFHQDULR ZDV DSSUDLVHG DV DGHTXDWH LI DW OHDVW WKUHH RI WKH IRXU H[SHUWV

MXGJHG WKH VXJJHVWHG LQLWLDO GLDJQRVLV RU SUHVFULEHG WUHDWPHQW DV 
JRRG
 RU 
VXE�RSWLPDO
�

HOVH LW ZDV DSSUDLVHG DV LQDGHTXDWH�

0DOLDQ H[SHUWV MXGJHG WKH DQVZHUV RI WKH 0DOLDQ KHDOWK ZRUNHUV IRU WKH LQLWLDO GLDJQRVLV RI

FOLQLFDO VFHQDULR $� %� & DQG ' LQ JHQHUDO DV DGHTXDWH �)LJXUH ������ $OVR� WKH DQVZHUV

IURP WKH *KDQDLDQ KHDOWK ZRUNHUV ZHUH XVXDOO\ FRQVLGHUHG DGHTXDWH� H[FHSW IRU VFHQDULR

' ZKHUH RQO\ ��� RI WKH KHDOWK ZRUNHUV PHQWLRQHG DQ DGHTXDWH LQLWLDO GLDJQRVLV

DFFRUGLQJ WR WKH H[SHUWV� )RU WKLV VFHQDULR� WKH H[SHUWV FRQVLGHUHG RQO\ PDODULD RU IRRG

SRLVRQLQJ D JRRG LQLWLDO GLDJQRVLV� 7KH TXDOLW\ RI WKH SUHVFULEHG WUHDWPHQW ZDV LQ JHQHUDO

DVVHVVHG OHVV IDYRXUDEOH E\ WKH H[SHUWV FRPSDUHG WR WKH LQLWLDO GLDJQRVLV� HVSHFLDOO\ GLUHFW

WUHDWPHQW IRU VFHQDULR & LQ 0DOL ZDV FRQVLGHUHG LQFRUUHFW LI DQWLELRWLFV RU PHWURQLGD]ROH

ZDV LQFOXGHG LQ WKH WUHDWPHQW� 7KH 0DOLDQ H[SHUWV FRQVLGHUHG VFKLVWRVRPLDVLV DQ DGHTXDWH

LQLWLDO GLDJQRVLV IRU DOO IRXU VFHQDULRV� 7UHDWPHQW ZLWK SUD]LTXDQWHO ZDV DOVR MXGJHG DV DQ

DGHTXDWH VWUDWHJ\� *KDQDLDQ H[SHUWV FRQVLGHUHG VFKLVWRVRPLDVLV DV DQ DGHTXDWH LQLWLDO

GLDJQRVLV IRU VFHQDULRV $� % DQG &� EXW QRW IRU '� 3UD]LTXDQWHO WUHDWPHQW ZDV UHJDUGHG DV

DGHTXDWH WUHDWPHQW IRU VFHQDULR $ DQG %�
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Figure 10.2: Percentage of the interviewed health workers in Ghana and Mali receiving an adequate score
from experts for the initial diagnosis (diagnosis) and prescribed direct treatment (choice of drug for
direct treatment) for four clinical scenarios. Scores were attributed to reported initial diagnosis and the

situations where direct treatment would be given. Scenarios A and B refer to S. haematobium and C and D to S.
mansoni cases, for detailed description of clinical scenarios see Chapter 9.

7KH DVVHVVPHQW RI WKH TXDOLW\ RI DQVZHUV E\ WKH KHDOWK ZRUNHUV ZDV FRPSOLFDWHG E\ WKH

FRQVLGHUDEOH YDULDWLRQ LQ WKH MXGJHPHQW RI WKH H[SHUWV� 6RPH H[SHUWV ZHUH FRQVLVWHQWO\

PRUH GLVDSSURYLQJ LQ WKHLU MXGJHPHQWV WKDQ RWKHUV DQG WKHUH ZDV RIWHQ QR FRQVHQVXV� )RU

H[DPSOH� DPRHELDVLV ZDV FRQVLGHUHG DQ DGHTXDWH LQLWLDO GLDJQRVLV IRU VFHQDULR % E\ RQH

*KDQDLDQ H[SHUW� VXE�RSWLPDO E\ DQRWKHU DQG WZR FRQVLGHUHG LW LQDGHTXDWH� $OVR� WKH

0DOLDQ H[SHUWV RIWHQ GLVDJUHHG DERXW WKH TXDOLW\ RI WKH DQVZHUV� )RU H[DPSOH� WZR H[SHUWV

MXGJHG WUHDWPHQW RI VFHQDULR & ZLWK SUD]LTXDQWHO DV JRRG� RQH VXE�RSWLPDO DQG RQH

LQFRUUHFW� ,Q DERXW ��� RI WKH DQVZHUV JLYHQ� WKH H[SHUWV FRQVLGHUDEO\ GLVDJUHHG LQ WKHLU

MXGJHPHQWV� LQ WKHVH FDVHV WKH VDPH DQVZHU ZDV DW OHDVW DVVHVVHG RQFH DV JRRG DQG RQFH

LQFRUUHFW� )RU *KDQD� WZR H[SHUWV FRQVLGHUHG DOPRVW DOO DQVZHUV DV LQFRUUHFW� WZR RWKHUV

UDUHO\ FRQVLGHUHG DQ DQVZHU DV LQFRUUHFW� LQ 0DOL WKH MXGJHPHQWV ZHUH PRUH HYHQO\

GLVWULEXWHG� )XWXUH VWXGLHV VKRXOG WKHUHIRUH XVH PRUH GHWDLOHG LQVWUXFWLRQV DERXW KRZ WR

MXGJH WKH DQVZHUV RI WKH KHDOWK ZRUNHUV WR SUHYHQW GLVVLPLODU GHFLVLRQ PDNLQJ SURFHVVHV RU

XVH WKH 'HOSKL PHWKRG WR FRPH WR D JURXS FRQVHQVXV �0LOKROODQG HW DO�� ������ 4XDOLW\ RI

FDVH PDQDJHPHQW FDQ DOVR EH DVVHVVHG E\ UHODWLQJ DQVZHUV IRU WKH SUHVHQWHG FOLQLFDO

VFHQDULRV WR QDWLRQDO RU LQWHUQDWLRQDO �VHH EHORZ ������� JXLGHOLQHV IRU FDVH PDQDJHPHQW�

������ &DVH PDQDJHPHQW FRPSDUHG WR WKH :+2 UHFRPPHQGDWLRQV

$ VWUDWHJ\ IRU GLDJQRVLQJ VFKLVWRVRPLDVLV �HLWKHU RQ V\PSWRPV RU ZLWK D WHVW� DQG IRU

WUHDWPHQW E\ WKH KHDOWK FDUH V\VWHP ZDV SXW IRUZDUG E\ WKH :+2 ([SHUW &RPPLWWHH RQ

WKH &RQWURO RI 6FKLVWRVRPLDVLV LQ ���� �:+2� ����� DQG PDLQWDLQHG LQ WKH PRVW UHFHQW

UHSRUW �:+2� ������ VHH %R[�
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WHO recommendations for diagnosis and treatment of schistosomiasis by the health system:

1) Symptomatic cases should be treated with praziquantel at all levels of the health system

2) If diagnostic facilities are not available in the health care facility, case detection should be performed on
presenting symptoms (symptom-based treatment), i.e. direct prescription of praziquantel

3) If a laboratory is available, sensitive diagnostic tests (e.g. urine filtration or centrifugation for S.
haematobium and Kato Katz faecal smear for S. mansoni) should be used for diagnosis

7KH TXDOLW\ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW PHDVXUHG E\ WKH FOLQLFDO VFHQDULR PHWKRG

�DQVZHUV RI KHDOWK ZRUNHUV WKDW UHSRUWHG XULQDU\ VFKLVWRVRPLDVLV DV LQLWLDO GLDJQRVLV IRU

VFHQDULR $� DQG WKH TXHVWLRQQDLUH PHWKRG ZDV FRPSDUDEOH� 2XU VWXGLHV VKRZHG WKDW LI

SUHVFULELQJ WUHDWPHQW :+2 UHFRPPHQGDWLRQ � ZDV IROORZHG E\ PRVW KHDOWK ZRUNHUV LQ

0DOL DQG 6HQHJDO �)LJXUH ������ *KDQDLDQ KHDOWK ZRUNHUV DW ILUVW OHYHO KHDOWK FDUH IDFLOLWLHV

RIWHQ UHIHUUHG SDWLHQWV VXVSHFWHG RI 6� KDHPDWRELXP� EHFDXVH WKH\ EHOLHYHG WKDW WKH\ ZHUH

QRW DOORZHG WR WUHDW 6� KDHPDWRELXP SDWLHQWV WKHPVHOYHV� /HVV KHDOWK ZRUNHUV FRPSOLHG ZLWK

UHFRPPHQGDWLRQ � �GLUHFW WUHDWPHQW LI GLDJQRVWLF IDFLOLWLHV DUH QRW DYDLODEOH�� (VSHFLDOO\

*KDQDLDQ KHDOWK ZRUNHUV UHSRUWHG WR UHIHU VFKLVWRVRPLDVLV SDWLHQWV IRU D GLDJQRVWLF WHVW�

5HFRPPHQGDWLRQ � ZDV IROORZHG E\ DOO KHDOWK ZRUNHUV LQ *KDQD DQG 0DOL IRU 6�

KDHPDWRELXP DQG E\ UHVSHFWLYHO\ �� DQG ���� IRU 6� PDQVRQL� ,Q 6HQHJDO DSSUR[LPDWHO\ ���

RI WKH KHDOWK FDUH IDFLOLWLHV ZLWK D ODERUDWRU\ SHUIRUPHG D GLDJQRVWLF WHVW� 7KLV ORZ

XWLOLVDWLRQ UDWH LV SUREDEO\ DQ HIIHFW RI WKH SURMHFW WKDW DLPHG DW V\PSWRP�EDVHG WUHDWPHQW

RI SDWLHQWV SUHVHQWLQJ ZLWK V\PSWRPV FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ�

$OWKRXJK KHDOWK FDUH IDFLOLWLHV ZLWKRXW ODERUDWRU\ IDFLOLWLHV VKRXOG QRW SHUIRUP D GLDJQRVWLF

WHVW WR FRQILUP 6� PDQVRQL GLDJQRVLV DFFRUGLQJ WR :+2 UHFRPPHQGDWLRQ �� LW LV GLIILFXOW WR

GLDJQRVH 6� PDQVRQL LQIHFWLRQ RQ V\PSWRPV EHFDXVH WKH\ DUH QRW VSHFLILF DQG PD\ YHU\ ZHOO

EH FDXVHG E\ RWKHU GLVHDVHV� 7KHUHIRUH� GHSHQGLQJ RQ WKH HSLGHPLRORJLFDO VLWXDWLRQ LQ WKH

FRYHUDJH DUHD RI WKH KHDOWK FDUH IDFLOLW\� ZH WKLQN WKDW SUHVXPSWLYH WUHDWPHQW �LQ DUHDV ZLWK

KLJK HQGHPLFLW\ RI 6� PDQVRQL� RU UHTXHVWLQJ D GLDJQRVWLF WHVW �LQ DUHDV ZLWK ORZ HQGHPLFLW\

RI 6� PDQVRQL� FDQ EH FRQVLGHUHG WKH PRVW HIIHFWLYH FDVH PDQDJHPHQW SROLF\ IRU SDWLHQWV

VXVSHFWHG RI 6� PDQVRQL LQIHFWLRQ�
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Figure 10.2: Adoption of WHO recommendation 1 by all health care facilities (a), 2 by health care facilities
without laboratory facilities (b) and 3 by health care facilities with laboratory facilities (c), for passive
schistosomiasis case detection and treatment in endemic areas in Ghana (G), Mali (M) and Senegal (S)
determined by the clinical scenario method (Scenario A) and the questionnaire method (Interview). p LV

according to the WHO recommendation (see Box). The numbers above the bars indicate the number of health
workers mentioning S. haematobium as diagnosis for scenario A (Scenario) and the number of health workers
reporting presence of S. haematobium or S. mansoni in the coverage area of the health care facility (Interview).
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������ 3DVVLYH YV� DFWLYH FDVH GHWHFWLRQ


$GHTXDWH GLDJQRVLV DQG WUHDWPHQW RI SDWLHQWV ZLWK V\PSWRPDWLF VFKLVWRVRPLDVLV LV WKH

SULPDU\ FRPSRQHQW RI DQ\ PRUELGLW\ FRQWURO SURJUDPPH
 �FLWHG IURP �:+2� �������

6FKLVWRVRPLDVLV FDVH PDQDJHPHQW UHTXLUHV IXQFWLRQLQJ RI WKH ODVW WZR VWHSV LQ WKH SDVVLYH

FDVH GHWHFWLRQ SURFHVV� L�H� GLVHDVH ² KHDOWK FDUH YLVLWLQJ ² WUHDWPHQW �ZLWKLQ WKH KHDOWK V\VWHP�

�)LJXUH ����� $V DQ H[DPSOH ZH FDOFXODWHG WKH FKDQFH WKDW D *KDQDLDQ SDWLHQW ZLWK

KDHPDWXULD RU EORRG LQ VWRRO UHFHLYHV SUD]LTXDQWHO� ,Q D UHFHQW VWXG\ LQ 6RXWKHUQ *KDQD�

��� RI WKH LQGLYLGXDOV ZLWK KDHPDWXULD LQ WKH ODVW PRQWK UHSRUWHG WR VHHN KHDOWK FDUH DQG

RQO\ DSSUR[LPDWHO\ ��� RI WKHP YLVLWHG WKH UHJXODU KHDOWK VHUYLFHV �'DQVR�$SSLDK HW DO��

VXEPLWWHG�� 7KHQ DERXW ��� ZLOO UHFHLYH D SUHVFULSWLRQ IRU SUD]LTXDQWHO DQG LQ ��� RI WKH

KHDOWK FDUH IDFLOLWLHV ZKHUH SUD]LTXDQWHO LV SUHVFULEHG LW ZDV DOVR LQ VWRFN �&KDSWHU ��� 7KXV

D SDWLHQW ZLWK KDHPDWXULD LQ *KDQD KDV ���� FKDQFH RI UHFHLYLQJ SUD]LTXDQWHO LI KH�VKH

KDV RU KDG KDHPDWXULD LQ WKH ODVW PRQWK ���� ï ��� ï ��� ï ����� 7KH VDPH

FDOFXODWLRQV IRU EORRG LQ VWRRO UHVXOW LQ D ���� FKDQFH RI UHFHLYLQJ SUD]LTXDQWHO IRU

LQGLYLGXDOV ZLWK EORRG LQ VWRRO LQ WKH ODVW PRQWK ���� ï ��� ï ��� ï ����� $OWKRXJK

ZH FRQVLGHU WKHVH FKDQFHV WR EH ORZ� LW LV SRVVLEOH WKDW LQGLYLGXDOV KDYH PDQ\ HSLVRGHV RI

KDHPDWXULD RU EORRG LQ VWRRO DQG ZLOO VWLOO KDYH D UHDVRQDEOH SUREDELOLW\ RI UHFHLYLQJ

SUD]LTXDQWHO DW OHDVW D IHZ WLPHV LQ WKHLU OLYHV� 7KHVH IHZ WUHDWPHQWV PLJKW EH VXIILFLHQW IRU

SUHYHQWLQJ WKH GHYHORSPHQW RI VHULRXV PRUELGLW\ �:+2� ������ +RZHYHU� LW LV OLNHO\ WKDW

PDQ\ SDWLHQWV QHYHU YLVLW D KHDOWK FDUH IDFLOLW\ IRU V\PSWRPV FDXVHG E\ VFKLVWRVRPH

LQIHFWLRQ DQG WKHUHIRUH QHYHU UHFHLYH WUHDWPHQW� $OVR� SDWLHQWV PRVW OLNHO\ DOZD\V YLVLW WKH

VDPH �QHDUE\� KHDOWK FDUH IDFLOLW\� ,I VFKLVWRVRPLDVLV FDVH PDQDJHPHQW LV QRW DGHTXDWH LQ

WKDW IDFLOLW\ DQG SUD]LTXDQWHO QRW LQ VWRFN� WKH\ VWLOO KDYH D ORZ FKDQFH RI UHFHLYLQJ

DGHTXDWH WUHDWPHQW� 7KHVH LQGLYLGXDOV UHPDLQ DW ULVN RI GHYHORSLQJ VHULRXV V\PSWRPV� 7KH

HIIHFW RI SDVVLYH FDVH GHWHFWLRQ FRXOG EH LQFUHDVHG E\ KHDOWK HGXFDWLRQ RI WKH SRSXODWLRQ

�LQIRUPLQJ WKHP WR VHHN KHDOWK FDUH DW UHJXODU KHDOWK VHUYLFHV IRU V\PSWRPV�� LPSURYHG

FDVH PDQDJHPHQW LQ WKH KHDOWK FDUH IDFLOLWLHV DQG LQFUHDVLQJ WKH DYDLODELOLW\ RI SUD]LTXDQWHO�

$QRWKHU VWUDWHJ\� UHJXODU FKHPRWKHUDS\ RI KLJK�ULVN JURXSV �FKLOGUHQ RU RFFXSDWLRQDO

JURXSV�� LV QRZ SURPRWHG E\ WKH MRLQHG :+2 ([SHUW &RPPLWWHHV RQ WKH 3UHYHQWLRQ DQG

&RQWURO RI 6FKLVWRVRPLDVLV DQG 6RLO�WUDQVPLWWHG +HOPLQWKLDVLV �:+2� ������ 7KLV FRXOG

EH SHUIRUPHG E\ WKH H[LVWLQJ KHDOWK VWUXFWXUHV �LQWHJUDWHG LQ WKH URXWLQH KHDOWK VHUYLFHV��

E\ VFKRRO KHDOWK SURJUDPPHV DQG E\ FRPPXQLW\�EDVHG GUXJ GHOLYHU\ SURJUDPPHV� ,W ZLOO

FHUWDLQO\ EH OHVV H[SHQVLYH DQG PRUH VXVWDLQDEOH WKDQ PDVV WUHDWPHQW E\ PRELOH WHDPV�

7UHDWPHQW RI KLJK ULVN JURXSV ZLWK VFUHHQLQJ RQO\ UHTXLUHV DGHTXDWH WHFKQLTXHV IRU

LGHQWLI\LQJ LQIHFWHG LQGLYLGXDOV� ,I QR VFUHHQLQJ LV DSSOLHG� VXFFHVV RI WKH FRQWURO

SURJUDPPH GRHV QRW GHSHQG RQ WKH HOHPHQWV LQWURGXFHG LQ )LJXUH ���� &RPSDUHG WR

SDVVLYH FDVH GHWHFWLRQ� WKHVH VWUDWHJLHV SUREDEO\ KDYH D KLJKHU SRWHQWLDO WR FRYHU ODUJH

JURXSV RI DIIHFWHG LQGLYLGXDOV� EXW DOVR LQFOXGH WKH ULVN RI SRRU FRYHUDJH�

:H VXEVFULEH WR WKH UHFRPPHQGDWLRQV RI WKH :+2 IRU SDVVLYH FDVH GHWHFWLRQ �VHH %R[��

6WLOO WKH HIIHFW RI SDVVLYH FDVH GHWHFWLRQ WKURXJK KHDOWK VHUYLFHV RQ PRUELGLW\ FRQWURO LV

SUREDEO\ OLPLWHG LQ SDUWLFXODU GXH WR ORZ KHDOWK FDUH VHHNLQJ IRU V\PSWRPV FDXVHG E\ 6�
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KDHPDWRELXP LQIHFWLRQ� ORZ DOHUWQHVV RI KHDOWK ZRUNHUV DERXW V\PSWRPV GXH WR 6� PDQVRQL

LQIHFWLRQ DQG SRRU DYDLODELOLW\ RI SUD]LTXDQWHO LQ SHULSKHUDO KHDOWK VWUXFWXUHV� 7KXV� RWKHU

PRUELGLW\ FRQWURO HIIRUWV UHPDLQ QHFHVVDU\� +RZHYHU� ZH FRQVLGHU LW XQDFFHSWDEOH LI

SUD]LTXDQWHO LV RQO\ DYDLODEOH IURP VXFK HIIRUWV �L�H� VFKRRO RU FRPPXQLW\�EDVHG GUXJ

GHOLYHU\ SURJUDPPHV� DQG QRW LQ WKH RIILFLDO KHDOWK VHUYLFHV� DV WKLV ZRXOG VHULRXVO\

XQGHUPLQH WKH UROH RI WKH KHDOWK V\VWHP LQ SURYLGLQJ KHDOWK FDUH IRU WKUHH UHDVRQV� )LUVW� LW

PDNHV WUHDWPHQW RI VFKLVWRVRPLDVLV OHVV HIIHFWLYH LI SDWLHQWV FDQ RQO\ UHFHLYH SUD]LTXDQWHO

GXULQJ PDVV WUHDWPHQW FDPSDLJQV DQG QRW YLD WKH KHDOWK V\VWHP� ,Q IDFW� WKLV VRPHWLPHV

FUHDWHV WKH SDUDGR[LFDO VLWXDWLRQ LQ ZKLFK LQGLYLGXDOV ZLWKRXW V\PSWRPV DUH WUHDWHG GXULQJ

PDVV WUHDWPHQW FDPSDLJQV DQG SDWLHQWV ZKR GHYHORSHG V\PSWRPV LQ EHWZHHQ DUH XQDEOH

WR REWDLQ WUHDWPHQW� 6HFRQG� WRROV IRU SURYLGLQJ KHDOWK FDUH DUH OLPLWHG LQ PRVW

VFKLVWRVRPH HQGHPLF FRXQWULHV� ,I KHDOWK FDUH IDFLOLWLHV DUH QRW VXSSOLHG ZLWK SUD]LTXDQWHO

DQG IRU H[DPSOH RQO\ VFKRROV KDYH LW LQ VWRFN� LW LV XQGHUVWDQGDEOH WKDW WKLV ZLOO UHGXFH WKH

PRWLYDWLRQ RI KHDOWK ZRUNHUV IRU WUHDWPHQW RI VFKLVWRVRPLDVLV DQG SUREDEO\ DOVR IRU RWKHU

GLVHDVHV� 7KLUG� LI SDWLHQWV ZLWK V\PSWRPV FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ GR QRW YLVLW WKH

KHDOWK V\VWHP �EHFDXVH SUD]LTXDQWHO LV QRW DYDLODEOH� DQ RSSRUWXQLW\ LV ORVW WR JLYH

LQGLYLGXDOO\ WDLORUHG LQIRUPDWLRQ RQ VFKLVWRVRPLDVLV DQG DOVR DERXW RWKHU GLVHDVHV� $OVR� LI

SUD]LTXDQWHO LV DYDLODEOH LQ WKH KHDOWK FDUH IDFLOLW\� KHDOWK ZRUNHUV FDQ XVH LW IRU WUHDWPHQW

RI KLJK ULVN JURXSV WKDW YLVLW WKH IDFLOLW\ UHJXODUO\ H�J� IRU YDFFLQDWLRQV RU DQWHQDWDO FDUH�

������ 3RVVLELOLWLHV IRU IXUWKHU UHVHDUFK RQ FDVH PDQDJHPHQW RI VFKLVWRVRPLDVLV

7KH FOLQLFDO VFHQDULRV ZHUH QRW SUHVHQWHG WR KHDOWK ZRUNHUV LQ 6HQHJDO� 7KLV LV LQWHUHVWLQJ

WR REWDLQ D FRPSOHWH RYHUYLHZ RI FDVH PDQDJHPHQW LQ WKH WKUHH :HVW $IULFDQ FRXQWULHV�

)XUWKHUPRUH� UHWXUQLQJ WR 6HQHJDO ZRXOG JLYH XV WKH RSSRUWXQLW\ WR LQWHUYLHZ WKH VDPH

UHVSRQGHQWV DJDLQ XVLQJ RXU VWUXFWXUHG TXHVWLRQQDLUH� 7KLV ZLOO JLYH LQIRUPDWLRQ DERXW

VXVWDLQDELOLW\ RI WKH HIIHFWV DIWHU WKH HQG RI WKH SURMHFW WKDW DLPHG DW LPSURYLQJ LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO� 'R KHDOWK ZRUNHUV VWLOO NQRZ WKH V\PSWRPV RI VFKLVWRVRPLDVLV

PRUH WKDQ � \HDUV DIWHU WKH VWDUW RI WKH SURMHFW �FRPSDUHG WR DIWHU WZR \HDUV�" ,V

SUD]LTXDQWHO VWLOO DYDLODEOH"

7KH FOLQLFDO VFHQDULR PHWKRG KDV RQO\ EHHQ XVHG LQ D IHZ VWXGLHV� 9DOLGDWLRQ RI WKLV

PHWKRG DQG DVVHVVPHQW RI WKH GLIIHUHQFHV LQ RXWFRPHV FRPSDUHG WR PHWKRGV VXFK DV

REVHUYDWLRQV RU WKH XVH RI VLPXODWHG SDWLHQWV LV QHHGHG� )RU H[DPSOH� DIWHU UDQGRPLVLQJ

WKH KHDOWK FDUH IDFLOLWLHV LQWR WZR JURXSV� KHDOWK ZRUNHUV LQ JURXS � ILUVW UHFHLYH VLPXODWLQJ

SDWLHQWV DQG WKHQ WKH FOLQLFDO VFHQDULRV� DQG IRU JURXS � WKH RWKHU ZD\ DURXQG� )RU

VWXG\LQJ WKH HIIHFW RI VWXG\ PHWKRG� ERWK VLPXODWLQJ SDWLHQWV DQG FOLQLFDO VFHQDULRV VKRXOG

SUHVHQW ZLWK WKH VDPH V\PSWRPV� 7KLV LV IHDVLEOH EHFDXVH KHDOWK ZRUNHUV ZLOO SUREDEO\ QRW

DVN WKH VLPXODWLQJ SDWLHQWV WR VKRZ WKHLU EORRG\ XULQH RU VWRROV� )RU H[DPSOH IRU 67'V

WKLV ZDV PRUH SUREOHPDWLF DV SHUVRQV VLPXODWLQJ 67' V\PSWRPV ZHUH UHJXODUO\ DVNHG IRU

D SK\VLFDO H[DPLQDWLRQ DQG KDG WR DYRLG RU UHIXVH WKLV �9RHWHQ HW DO�� ������

&RPELQLQJ WKH LQIRUPDWLRQ IURP WKH TXHVWLRQQDLUH VWXGLHV DQG WKH FOLQLFDO VFHQDULRV

UHYHDOV WKH FKDQFH RI UHFHLYLQJ WUHDWPHQW ZLWK SUD]LTXDQWHO IRU D VFKLVWRVRPLDVLV SDWLHQW
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ZKHQ SUHVHQWLQJ DW D KHDOWK FDUH IDFLOLW\� ,Q 6RXWKHUQ *KDQD� LQIRUPDWLRQ ZDV FROOHFWHG

DERXW KHDOWK FDUH VHHNLQJ EHKDYLRXU IRU V\PSWRPV FDXVHG E\ VFKLVWRVRPH LQIHFWLRQ� ���

'R SDWLHQWV VHHN KHDOWK FDUH" DQG ��� :KLFK KHDOWK FDUH IDFLOLWLHV GR WKH\ YLVLW" �'DQVR�

$SSLDK HW DO�� VXEPLWWHG�� 7KLV HQDEOHG XV WR FDOFXODWH WKH FKDQFH WKDW DQ LQGLYLGXDO ZLWK

V\PSWRPV IURP VFKLVWRVRPH LQIHFWLRQ ZLOO UHFHLYH DGHTXDWH WUHDWPHQW� ,W LV TXHVWLRQDEOH LI

WKH UHVXOWV RI WKH KHDOWK FDUH VHHNLQJ EHKDYLRXU VWXG\ LQ 6RXWKHUQ *KDQD FDQ EH

H[WUDSRODWHG WR FRXQWULHV ZLWK D ORQJHU KLVWRU\ RI VFKLVWRVRPLDVLV FRQWURO �0DOL DQG

6HQHJDO�� 7KLV KDV WR EH LQYHVWLJDWHG� SUHIHUDEO\ XVLQJ D VLPLODU VWXG\ GHVLJQ�

���� &RQFOXVLRQV

� 7KH EXUGHQ RI VFKLVWRVRPLDVLV LV KLJKHU WKDQ VXJJHVWHG E\ WKH FDOFXODWLRQV RI WKH

*OREDO %XUGHQ RI 'LVHDVH ,QLWLDWLYH SXEOLVKHG IRU �����

� 7KH QXPEHU RI GHDWKV GXH WR VFKLVWRVRPLDVLV VHHPV WR EH VXEVWDQWLDOO\ KLJKHU WKDQ

XVXDOO\ SUHVXPHG� +RZHYHU� RXU HVWLPDWHV KDYH EHHQ EDVHG RQ OLPLWHG HYLGHQFH DQG

FDQ EH LPSURYHG XSRQ LI GDWD IURP GHDWK UHJLVWULHV XVLQJ VWDQGDUGLVHG PHWKRGV IRU

GHWHUPLQLQJ WKH FDXVH RI GHDWK EHFRPH DYDLODEOH�

� 7KH PHWKRGRORJ\ WKDW KDV EHHQ GHYHORSHG WR HVWLPDWH WKH QXPEHU RI LQGLYLGXDOV ZLWK

VFKLVWRVRPLDVLV VLJQV DQG V\PSWRPV FDQ DOVR EH DSSOLHG IRU RWKHU LQIHFWLRXV GLVHDVHV�

SDUWLFXODUO\ WKRVH LQ ZKLFK GHYHORSPHQW RI GLVHDVH GHSHQGV RQ WKH LQWHQVLW\ RI

LQIHFWLRQ DV LQ PRVW KHOPLQWK LQIHFWLRQV�

� 6FKLVWRVRPLDVLV FDVH PDQDJHPHQW �SDVVLYH FDVH GHWHFWLRQ� E\ WKH UHJXODU KHDOWK

V\VWHP VKRXOG EH WKH SULPDU\ FRPSRQHQW RI D VFKLVWRVRPLDVLV FRQWURO SURJUDPPH� ,W

ZRXOG EH XQDFFHSWDEOH LI NQRZOHGJH RI VFKLVWRVRPLDVLV WUHDWPHQW DQG GUXJV DUH

DYDLODEOH LQ RWKHU VHFWRUV �H�J� VFKRROV DQG FRPSDQLHV� DQG QRW LQ WKH KHDOWK VHFWRU�

� 3DVVLYH FDVH GHWHFWLRQ E\ WKH KHDOWK FDUH IDFLOLWLHV LV FXUUHQWO\ QRW VXIILFLHQW WR FRPH

WR HIIHFWLYH PRUELGLW\ FRQWURO� 7KLV LV EHFDXVH RI ORZ WHQGHQF\ WR VHHN KHDOWK FDUH

�HVSHFLDOO\ IRU 6� KDHPDWRELXP�� ORZ DOHUWQHVV RI KHDOWK ZRUNHUV IRU WKH SUHVHQWLQJ

V\PSWRPV �HVSHFLDOO\ IRU 6� PDQVRQL� DQG SRRU DYDLODELOLW\ RI SUD]LTXDQWHO LQ SHULSKHUDO

KHDOWK VWUXFWXUHV� 3RRU SK\VLFDO DQG ILQDQFLDO DFFHVVLELOLW\ RI WKH KHDOWK VHUYLFHV DOVR

DIIHFWV SDVVLYH FDVH GHWHFWLRQ�

� 3URJUDPV WR WUDLQ VWDII DQG PDNH SUD]LTXDQWHO DYDLODEOH FDQ LPSURYH IXQFWLRQLQJ RI

KHDOWK V\VWHPV IRU VFKLVWRVRPLDVLV FDVH PDQDJHPHQW� DV LV H[HPSOLILHG E\ 6HQHJDO DQG

0DOL�

,Q YLHZ RI WKH LQFUHDVLQJ LQWHUHVW RI WKH LQWHUQDWLRQDO FRPPXQLW\ IRU VFKLVWRVRPLDVLV

FRQWURO DQG WUHDWPHQW RI SDWLHQWV YLD KHDOWK V\VWHPV �LQ SDUWLFXODU WKH UHFHQWO\ VWDUWHG

6FKLVWRVRPLDVLV &RQWURO ,QLWLDWLYH IXQGHG E\ WKH %LOO DQG 0HOLQGD *DWHV )RXQGDWLRQ�� LW

ZRXOG EH LQWHUHVWLQJ WR DSSO\ WKH PHWKRGRORJLHV SUHVHQWHG LQ WKLV WKHVLV IRU VWXG\LQJ

EXUGHQ RI VFKLVWRVRPLDVLV DQG HYDOXDWLQJ FDVH PDQDJHPHQW LQ RWKHU HQGHPLF UHJLRQV DQG

FRXQWULHV�
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$EGHO�6DODP� (� DQG $EGHO�)DWWDK� 0� ������� 3UHYDOHQFH DQG PRUELGLW\ RI 6FKLVWRVRPD

KDHPDWRELXP LQ (J\SWLDQ FKLOGUHQ� $ FRQWUROOHG VWXG\� $PHULFDQ -RXUQDO RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� ������

$EGHO�6DODP� (� DQG (KVDQ� $� ������� &\VWRVFRSLF SLFWXUH RI 6FKLVWRVRPD KDHPDWRELXP LQ

(J\SWLDQ FKLOGUHQ FRUUHODWHG WR LQWHQVLW\ RI LQIHFWLRQ DQG PRUELGLW\� $PHULFDQ

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

$EGHO�:DKDE� 0� )�� (VPDW� *�� 0HGKDW� (�� 1DURR]� 6�� 5DP]\� ,�� (O�%RUDH\� <� DQG

6WULFNODQG� *� 7� �����D�� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� 0HQRILD

*RYHUQRUDWH� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

$EGHO�:DKDE� 0� )�� (VPDW� *�� 1DURR]� 6� ,�� <RVHU\� $� DQG 6WUXHZLQJ� -� 3� �������

6RQRJUDSKLF VWXGLHV RI VFKRROFKLOGUHQ LQ D YLOODJH HQGHPLF IRU 6FKLVWRVRPD PDQVRQL�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

$EGHO�:DKDE� 0� )�� (VPDW� *�� 5DP]\� ,�� )RXDG� 5�� $EGHO�5DKPDQ� 0�� <RVHU\� $��

1DURR]� 6� DQG 6WULFNODQG� *� 7� �����D�� 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ

(J\SWLDQ VFKRROFKLOGUHQ� GHPRQVWUDWLRQ RI ERWK KHSDWLF DQG XULQDU\ WUDFW

PRUELGLW\ E\ XOWUDVRQRJUDSK\� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG
+\JLHQH� ��� ������

$EGHO�:DKDE� 0� )�� (VPDW� *�� 5DP]\� ,�� 1DURR]� 6�� 0HGKDW� (�� ,EUDKLP� 0�� (O�

%RUDH\� <� DQG 6WULFNODQG� *� 7� �����E�� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ

(J\SW� )D\RXP *RYHUQRUDWH� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ���
���

$EGHO�:DKDE� 0� )�� 5DP]\� ,�� (VPDW� *�� HO .DIDVV� +� DQG 6WULFNODQG� *� 7� �����E��

8OWUDVRXQG IRU GHWHFWLQJ 6FKLVWRVRPD KDHPDWRELXP XULQDU\ WUDFW FRPSOLFDWLRQV�

FRPSDULVRQ ZLWK UDGLRJUDSKLF SURFHGXUHV� -RXUQDO RI 8URORJ\� ���� �������

$EGHO�:DKDE� 0� )�� 6WULFNODQG� *� 7�� (O�6DKO\� $�� (O�.DG\� 1�� $KPHG� /�� =DNDULD� 6�

DQG 0DKPRXG� 6� ������� 6� PDQVRQL LQ DQ (J\SWLDQ YLOODJH LQ WKH 1LOH 'HOWD�

$PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� �� �������

$ERVHGH� 2� $� ������� 6HOI�PHGLFDWLRQ� DQ LPSRUWDQW DVSHFW RI SULPDU\ KHDOWK FDUH� 6RFLDO
6FLHQFH DQG 0HGLFLQH� ��� ��������

$GRP� +�� *XHULQ� %�� &RPPHQJHV� '� DQG /H %UDV� 0� ������� /
KpPDWXULH FRPPH

LQGLFDWHXU GHV ELOKDU]LRVHV XULQDLUHV HQ FDPSDJQH GH PDVVH� $ SURSRV G
XQH

HQTXrWH DX %XUNLQD�)DVR� 0pGHFLQH G
$IULTXH 1RLUH� ��� ������

$PDOL� 2� ������� (VWLPDWLRQ RI SUHYDOHQFHV RI XULQDU\ VFKLVWRVRPLDVLV XVLQJ KDHPDWXULD�

&HQWUDO $IULFDQ -RXUQDO RI 0HGLFLQH� ��� ������

$PDQNZD� -� $�� %ORFK� 3�� 0H\HU�/DVVHQ� -�� 2OVHQ� $� DQG &KULVWHQVHQ� 1� 2� �������

8ULQDU\ DQG LQWHVWLQDO VFKLVWRVRPLDVLV LQ WKH 7RQR ,UULJDWLRQ 6FKHPH�

.DVVHQD�1DQNDQD 'LVWULFW� XSSHU HDVW UHJLRQ� *KDQD� 7URSLFDO 0HGLFLQH DQG

3DUDVLWRORJ\� ��� �������
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���

$PD]LJR� 8� 2�� $QDJR�$PDQ]H� &� ,� DQG 2NHLEXQRU� -� &� ������� 8ULQDU\

VFKLVWRVRPLDVLV DPRQJ VFKRRO FKLOGUHQ LQ 1LJHULD� FRQVHTXHQFHV RI LQGLJHQRXV

EHOLHIV DQG ZDWHU FRQWDFW DFWLYLWLHV� -RXUQDO RI %LRVRFLDO 6FLHQFHV� ��� �����

$QRVLNH� -� &�� 1ZRNH� %� (� %� DQG 1MRNX� $� -� ������� 7KH YDOLGLW\ RI KDHPDWXULD LQ WKH

FRPPXQLW\ GLDJQRVLV RI XULQDU\ VFKLVWRVRPLDVLV LQIHFWLRQV� -RXUQDO RI +HOPLQWKRORJ\�

��� ������

$UDS 6LRQJRN� 7� .�� 0DKPRXG� $� $�� 2XPD� -� +�� :DUUHQ� .� 6�� 0XOOHU� $� 6�� +DQGD�

$� .� DQG +RXVHU� +� %� ������� 0RUELGLW\ LQ 6FKLVWRVRPLDVLV PDQVRQL LQ UHODWLRQ

WR LQWHQVLW\ RI LQIHFWLRQ� VWXG\ RI D FRPPXQLW\ LQ 0DFKDNRV� .HQ\D� $PHULFDQ

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

$UQRQ� 5� ������� /LIH VSDQ RI SDUDVLWH LQ VFKLVWRVRPLDVLV SDWLHQWV� ,VUDHOLDQ -RXUQDO RI 0HGLFDO

6FLHQFH� ��� ������

$U\HHWH\� 0� (�� $KROX� &�� :DJDWVXPD� <�� %HQWLO� *�� 1NUXPDK� )� .� DQG .RMLPD� 6�

������� +HDOWK HGXFDWLRQ DQG FRPPXQLW\ SDUWLFLSDWLRQ LQ WKH FRQWURO RI XULQDU\

VFKLVWRVRPLDVLV LQ *KDQD� (DVW $IULFDQ 0HGLFDO -RXUQDO� ��� ������

$VHQVR�2N\HUH� :� .�� $QXP� $�� 2VHL�$NRWR� ,� DQG $GXNRQX� $� ������� &RVW UHFRYHU\

LQ *KDQD� DUH WKHUH DQ\ FKDQJHV LQ KHDOWK FDUH VHHNLQJ EHKDYLRXU" +HDOWK 3ROLF\ DQG

3ODQQLQJ� ��� ������

%DOWXVVHQ� 5� 0�� 6DQRQ� 0�� 6RPPHUIHOG� -� DQG :XUWKZHLQ� 5� ������� 2EWDLQLQJ

GLVDELOLW\ ZHLJKWV LQ UXUDO %XUNLQD )DVR XVLQJ D FXOWXUDOO\ DGDSWHG YLVXDO DQDORJXH

VFDOH� +HDOWK (FRQRPLFV� ��� �������

%DUDNDW� 5�� )DUJKDO\� $�� HO 0DVU\� $� *�� HO6D\HG� 0� .�� +XVHLQ� 0� +� DQG 0LOOHU� )� '�

������� 6FKLVWRVRPD PDQVRQL LQ WKH 1LOH 'HOWD� (J\SW� $ ODUJH VFDOH HSLGHPLRORJLFDO

VWXG\ LQ .DIU (O 6KHLNK *RYHUQRUDWH� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� �������

%DUDNDW� 5�� )DUJKDO\� $�� (O 0DVU\� $� *�� (O�6D\HG� 0� .� DQG +XVVHLQ� 0� +� ������� 7KH

HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� SDWWHUQV RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ
DQG PRUELGLW\ LQ .DIHU (O�6KHLNK� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�

��� �����

%DUUHWR� 0� /�� /RXUHLUR� 6�� 0HOR� $� 6� DQG $QMRV� &� )� ������� 7KH HIIHFW RI 6FKLVWRVRPD

PDQVRQL LQIHFWLRQ RQ FKLOG PRUELGLW\ LQ WKH 6WDWH RI %DKLD� %UD]LO� ,, $QDO\VLV DW WKH
LQGLYLGXDO OHYHO� 5HYLVWD GR ,QVWLWXWR GH 0HGLFLQD 7URSLFDO GH 6mR 3DXOR� ��� �������

%HGZDQL� 5�� 5HQJDQDWKDQ� (�� (O .ZKVN\� )�� %UDJD� &�� $EX 6HLI� +� +�� $EXO $]P� 7��

=DNL� $�� )UDQFHVFKL� 6�� %RIIHWWD� 3� DQG /D 9HFFKLD� &� ������� 6FKLVWRVRPLDVLV DQG

WKH ULVN RI EODGGHU FDQFHU LQ $OH[DQGULD� (J\SW� %ULWLVK -RXUQDO RI &DQFHU� ��� �������

%HH� '� (�� -DPHV� *� 3� DQG 3DXO� .� /� ������� +HPRJORELQXULD DQG KHPDWXULD� $FFXUDF\

DQG SUHFLVLRQ RI ODERUDWRU\ GLDJQRVLV� &OLQLFDO &KHPLVWU\� ��� �������

%HILGL�0HQJXH� 5� 1�� 5DWDUG� 5� &�� %HOWUDQ� *�� '
$OHVVDQGUR� $�� 5LFH� -�� %HILGL�

0HQJXH� 5�� .RXHPHQL� /� (� DQG &OLQH� %� /� ������� ,PSDFW RI 6FKLVWRVRPD
KDHPDWRELXP LQIHFWLRQ DQG RI SUD]LTXDQWHO WUHDWPHQW RQ DQDHPLD RI SULPDU\ VFKRRO

FKLOGUHQ LQ %HUWRXD� &DPHURRQ� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

%HOOR� $� %� DQG (GXQJEROD� /� '� ������� 6FKLVWRVRPD KDHPDWRELXP� D QHJOHFWHG FRPPRQ

SDUDVLWLF GLVHDVH RI FKLOGKRRG LQ 1LJHULD� ,QFLGHQFH DQG LQWHQVLW\ RI LQIHFWLRQ� $FWD
3DHGLDWULFD� ��� ������
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%HUDFRFKHD� (�� 'LFNVRQ� 5�� )UHHPDQ� 3� DQG 7KRPDVRQ� -� ������� &DVH PDQDJHPHQW

TXDOLW\ DVVHVVPHQW LQ UXUDO DUHDV RI 3DSXD 1HZ *XLQHD� 7URSLFDO 'RFWRU� ��� ������

%pULD� -� 8�� 'DPLDQL� 0� )�� 'RV 6DQWRV� ,� 6� DQG /RPEDUGL� &� ������� 3K\VLFLDQV


SUHVFLUELQJ EHKDYLRXU IRU GLDUUKRHD LQ FKLOGUHQ� DQ HWKQRHSLGHPLRORJLFDO VWXG\ LQ

6RXWKHUQ %UD]LO� 6RFLDO 6FLHQFH DQG 0HGLFLQH� ��� ������

%HXOOHQV� -�� 5HWKDQV� -� -�� *RHGKX\V� -� DQG %XQWLQ[� )� ������� 7KH XVH RI VWDQGDUGL]HG

SDWLHQWV LQ UHVHDUFK LQ JHQHUDO SUDFWLFH� )DPLO\ 3UDFWLFH� ��� ������

%LULWZXP� 5� %� ������� 7KH FRVW RI VXVWDLQLQJ WKH *KDQD
V �&DVK DQG &DUU\� V\VWHP RI

KHDOWK FDUH ILQDQFLQJ DW D UXUDO KHDOWK FHQWUH�:HVW $IULFDQ -RXUQDO RI 0HGLFLQH� ��� ����

��

%LUULH� +�� 0HGKLQ� *� DQG -HPDQHK� /� ������� &RPSDULVRQ RI XULQH ILOWUDWLRQ DQG D

FKHPLFDO UHDJHQW VWULS LQ WKH GLDJQRVLV RI XULQDU\ VFKLVWRVRPLDVLV LQ (WKLRSLD� (DVW

$IULFDQ 0HGLFDO -RXUQDO� ��� ������

%RLVLHU� 3�� 5DPDURNRWR� &� (�� 5DYDRDOLPDODOD� 9� (�� 5DEDULMDRQD� /�� 6HULH\H� -�� 5RX[� -�

DQG (VWHUUH� 3� ������� 5HYHUVLELOLW\ RI 6FKLVWRVRPD PDQVRQL�DVVRFLDWHG PRUELGLW\ DIWHU
\HDUO\ PDVV SUD]LTXDQWHO WKHUDS\� XOWUDVRQRJUDSKLF DVVHVVPHQW� 7UDQVDFWLRQV RI WKH

5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

%RLVLHU� 3�� 6HULH\H� -�� 5DYDRDOLPDODOD� 9� (�� 5RX[� -� DQG (VWHUUH� 3� �������

8OWUDVRQRJUDSKLFDO DVVHVVPHQW RI PRUELGLW\ LQ VFKLVWRVRPLDVLV PDQVRQL LQ

0DGDJDVFDU� D FRPPXQLW\�EDVHG VWXG\ LQ D UXUDO SRSXODWLRQ� 7UDQVDFWLRQV RI WKH 5R\DO

6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

%RRWK� 0�� %XQG\� '� $�� $OERQLFR� 0�� &KZD\D� +� 0�� $ODZL� .� 6� DQG 6DYLROL� /�

�����D�� $VVRFLDWLRQV DPRQJ PXOWLSOH JHRKHOPLQWK VSHFLHV LQIHFWLRQV LQ

VFKRROFKLOGUHQ IURP 3HPED ,VODQG� 3DUDVLWRORJ\� ���� ������

%RRWK� 0�� 0D\RPEDQD� &�� 0DFKLE\D� +�� 0DVDQMD� +�� 2GHUPDWW� 3�� 8W]LQJHU� -� DQG

.LOLPD� 3� �����E�� 7KH XVH RI PRUELGLW\ TXHVWLRQQDLUHV WR LGHQWLI\ FRPPXQLWLHV

ZLWK KLJK SUHYDOHQFHV RI VFKLVWRVRPH RU JHRKHOPLQWK LQIHFWLRQV LQ 7DQ]DQLD�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

%RVRPSHP� .� 0�� $\L� ,�� $Q\DQ� :� .�� 1NUXPDK� )� .� DQG .RMLPD� 6� ������� /LPLWHG

ILHOG HYDOXDWLRQ RI D UDSLG PRQRFORQDO DQWLERG\�EDVHG GLSVWLFN DVVD\ IRU XULQDU\

VFKLVWRVRPLDVLV� +\EULGRPD� ��� ������

%RZPDQ� 0� $�� 5XVVHOO� 1� .�� %RHNHORR� %� 2�� 5DIL� ,� =� DQG 5DELQ� '� /� ������� 7KH

HIIHFW RI HGXFDWLRQDO SUHSDUDWLRQ RQ SK\VLFLDQ SHUIRUPDQFH ZLWK D VH[XDOO\

WUDQVPLWWHG GLVHDVH�VLPXODWHG SDWLHQW� $UFKLYHV RI ,QWHUQDO 0HGLFLQH� ���� �������

%UHWDJQH� 6�� 5RXVVLQ� 6�� 6HOOLQ� (�� 5H\� -� /�� )O\ 6DLQWH 0DULH� )�� 0RXFKHW� )�� 'HYHORX[�

0� DQG 6HOOLQ� %� ������� %LOKDU]LRVH XULQDLUH HW DQpPLH VLGpURSpQLTXH� eWXGH GH

OHXUV UDSSRUWV GDQV GHX[ YLOODJHV GX 1LJHU� %XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH�

��� �������

%ULQNPDQQ� 8� .�� :HUOHU� &�� 7UDRUH� 0� DQG .RUWH� 5� ������� 7KH 1DWLRQDO

6FKLVWRVRPLDVLV &RQWURO 3URJUDPPH LQ 0DOL� REMHFWLYHV� RUJDQL]DWLRQ� UHVXOWV�

7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

%URRNHU� 6�� 'RQQHOO\� &� $� DQG *X\DWW� +� /� �����D�� (VWLPDWLQJ WKH QXPEHU RI

KHOPLQWKLF LQIHFWLRQV LQ WKH 5HSXEOLF RI &DPHURRQ IURP GDWD RQ LQIHFWLRQ

SUHYDOHQFH LQ VFKRROFKLOGUHQ� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� ��������
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%URRNHU� 6�� +D\� 6� ,� DQG %XQG\� '� $� 3� ������� 7RROV IURP HFRORJ\� XVHIXO IRU

HYDOXDWLQJ LQIHFWLRQ ULVN PRGHOV" 7UHQGV LQ 3DUDVLWRORJ\� ��� �����

%URRNHU� 6�� 5RZODQGV� 0�� +DOOHU� /�� 6DYLROL� /� DQG %XQG\� '� $� 3� �����E�� 7RZDUGV DQ

DWODV RI KXPDQ KHOPLQWK LQIHFWLRQ LQ VXE�6DKDUDQ $IULFD� 7KH XVH RI JHRJUDSKLFDO

LQIRUPDWLRQ V\VWHPV �*,6�� 3DUDVLWRORJ\ 7RGD\� ��� ������

%URZQ� 3� ������� 'HDGO\ ZRUP PD\ EH WXUQLQJ GUXJ�UHVLVWDQW� 1HZ 6FLHQWLVW� ���� ��

%URZQLQJ� 0� '�� 1DURR]� 6� ,�� 6WULFNODQG� *� 7�� (O�0DVU\� 1� $� DQG $EGHO�:DKDE� 0�

)� ������� &OLQLFDO FKDUDFWHULVWLFV DQG UHVSRQVH WR WKHUDS\ LQ (J\SWLDQ FKLOGUHQ

LQIHFWHG ZLWK 6FKLVWRVRPD KDHPDWRELXP� -RXUQDO RI ,QIHFWLRXV 'LVHDVHV� ���� ���������

%XOVDUD� 0� .�� 6XNZD� 7� <� DQG :XUDSD� )� .� ������� 5LVNV RI OLYHU DQG VSOHHQ

HQODUJHPHQW LQ VFKLVWRVRPLDVLV PDQVRQL LQIHFWLRQ LQ D UXUDO =DPELDQ FRPPXQLW\�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

%XUFKDUG� *� '�� *XLVVH�6RZ� )�� 'LRS� 0�� /\� $�� /DQXLW� 5�� *U\VHHOV� %� DQG *UHVVQHU�

$� 0� ������� 6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ D UHFHQWO\ H[SRVHG FRPPXQLW\ LQ

6HQHJDO� ODFN RI FRUUHODWLRQ EHWZHHQ OLYHU PRUSKRORJ\ LQ XOWUDVRXQG DQG FRQQHFWLYH

WLVVXH PHWDEROLWHV LQ VHUXP� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� �������

%XUNL� $�� 7DQQHU� 0�� %XUQLHU� (�� 6FKZHL]HU� :�� 0HXGW� 5� DQG 'HJUHPRQW� $� �������

&RPSDULVRQ RI XOWUDVRQRJUDSK\� LQWUDYHQRXV S\HORJUDSK\ DQG F\VWRVFRS\ LQ

GHWHFWLRQ RI XULQDU\ WUDFW OHVLRQV GXH WR 6FKLVWRVRPD KDHPDWRELXP� $FWD 7URSLFD� ���
�������

%XWWHUZRUWK� $� (� ������� +XPDQ LPPXQLW\ WR VFKLVWRVRPHV� VRPH TXHVWLRQV� 3DUDVLWRORJ\

7RGD\� ��� �������

&DLUR :RUNLQJ *URXS ������� 7KH XVH RI GLDJQRVWLF XOWUDVRXQG LQ VFKLVWRVRPLDVLV�

DWWHPSWV DW VWDQGDUGL]DWLRQ RI PHWKRGRORJ\� $FWD 7URSLFD� ��� ������

&DPSDJQH� *�� *DUED� $�� %DUNLUH� +�� 9HUD� &�� 6LGLNL� $� DQG &KLSSDX[� -� 3� ������� 6XLYL

pFKRJUDSKLTXH SURORQJp G
HQIDQWV LQIHVWpV SDU 6FKLVWRVRPD KDHPDWRELXP DSUqV

WUDLWHPHQW SDU SUD]LTXDQWHO� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������

&KDLQH� -� 3� DQG 0DOHN� (� $� ������� 8ULQDU\ VFKLVWRVRPLDVLV LQ WKH 6DKHOLDQ UHJLRQ RI WKH

6HQHJDO 5LYHU %DVLQ� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� �������

&KDPSDJQH� *�� *DUED� $�� %DUNLUH� +�� 9HUD� &�� %RXODQJHU� '� DQG &KLSSDX[� -��3�

������� &RQWUROH GH TXDOLWp ORUV GH O
pYDOXDWLRQ HFKRJUDSKLTXH GH OD PRUELGLWp GXH D

6FKLVWRVRPD KDHPDWRELXPDX 1LJHU� 0pGHFLQH 7URSLFDOH� ��� ������

&KDQ� 0� 6�� *X\DWW� +� /�� %XQG\� '� $� DQG 0HGOH\� *� )� ������� '\QDPLF PRGHOV RI

VFKLVWRVRPLDVLV PRUELGLW\� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

&KDQ� 0� 6�� 0HGOH\� *� )�� -DPLVRQ� '� DQG %XQG\� '� $� ������� 7KH HYDOXDWLRQ RI

SRWHQWLDO JOREDO PRUELGLW\ DWWULEXWDEOH WR LQWHVWLQDO QHPDWRGH LQIHFWLRQV� 3DUDVLWRORJ\�

���� �������

&KHHYHU� $� :�� .DPHO� ,� $�� (OZL� $� 0�� 0RVLPDQQ� -� (� DQG 'DQQHU� 5� �������

6FKLVWRVRPD PDQVRQL DQG 6� KDHPDWRELXP LQIHFWLRQV LQ (J\SW� ,,� 4XDQWLWDWLYH

SDUDVLWRORJLFDO ILQGLQJV DW QHFURSV\� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�

��� �������

&KHQ� 0� *� DQG 0RWW� .� (� ������� 3URJUHVV LQ DVVHVVPHQW RI PRUELGLW\ GXH WR

6FKLVWRVRPD PDQVRQL LQIHFWLRQ� $ UHYLHZ RI UHFHQW OLWHUDWXUH� 7URSLFDO 'LVHDVHV %XOOHWLQ�
��� 5��5���
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&KHQ� 0� *� DQG 0RWW� .� (� ������� 3URJUHVV LQ DVVHVVPHQW RI PRUELGLW\ GXH WR

6FKLVWRVRPD KDHPDWRELXP� $ UHYLHZ RI UHFHQW OLWHUDWXUH� 7URSLFDO 'LVHDVHV %XOOHWLQ� ���

5��5���

&KLSSDX[� -� 3�� &DPSDJQH� *�� *DUED� $� DQG 9HUD� &� ������� ,QWHUHW GHV LQGLFDWHXUV

G
HYDOXDWLRQ UDSLGH DX FRXUV GH OD VXUYHLOODQFH G
XQ WUDLWHPHQW D ODUJH HFKHOOH FRQWUH

6FKLVWRVRPD KDHPDWRELXP� %XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH� ��� ������

&KLWVXOR� /�� (QJHOV� '�� 0RQWUHVVRU� $� DQG 6DYLROL� /� ������� 7KH JOREDO VWDWXV RI

VFKLVWRVRPLDVLV DQG LWV FRQWURO� $FWD 7URSLFD� ��� ������

&LROL� '� ������� &KHPRWKHUDS\ RI VFKLVWRVRPLDVLV� XQ XSGDWH� 3DUDVLWRORJ\ 7RGD\� ��� ����

���

&RRSSDQ� 5� 0�� 1DLGRR� .� DQG -LDODO� ,� ������� 5HQDO IXQFWLRQ LQ XULQDU\ VFKLVWRVRPLDVLV

LQ WKH 1DWDO SURYLQFH RI 6RXWK $IULFD� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG

+\JLHQH� ��� �������

&RRSSDQ� 5� 0�� 6FKXWWH� &� +�� 0D\HW� )� *�� 'LQJOH� &� (�� 9DQ 'HYHQWHU� -� 0� DQG

0RVHVH� 3� *� ������� 0RUELGLW\ IURP XULQDU\ VFKLVWRVRPLDVLV LQ UHODWLRQ WR

LQWHQVLW\ RI LQIHFWLRQ LQ WKH 1DWDO 3URYLQFH RI 6RXWK $IULFD� $PHULFDQ -RXUQDO RI

7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

&RUEHWW� (� /�� %XWWHUZRUWK� $� (�� )XOIRUG� $� -�� 2XPD� -� +� DQG 6WXUURFN� 5� )� �������

1XWULWLRQDO VWDWXV RI FKLOGUHQ ZLWK VFKLVWRVRPLDVLV PDQVRQL LQ WZR GLIIHUHQW DUHDV

RI 0DFKDNRV 'LVWULFW� .HQ\D� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG

+\JLHQH� ��� �������

&RXJKOLQ� 6� 6� ������� 5HFDOO ELDV LQ HSLGHPLRORJLF VWXGLHV� -RXUQDO RI &OLQLFDO (SLGHPLRORJ\�

��� ������

&URPSWRQ� '� :� ������� +RZ PXFK KXPDQ KHOPLQWKLDVLV LV WKHUH LQ WKH ZRUOG" -RXUQDO RI

3DUDVLWRORJ\� ��� ��������

&XWWV� )�� &OLII� -�� 5HLVV� 5� DQG 6WXFNH\� -� ������� (YDOXDWLQJ WKH PDQDJHPHQW RI

GLDUUKRHD LQ KHDOWK FHQWUHV LQ 0R]DPELTXH� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�
��� �����

'DER� $�� 'RXFRXUH� %�� .RLWD� 2�� 'LDOOR� 0�� .RXULED� %�� .OLQNHUW� 0� 4�� 'RXPELD� 6�

DQG 'RXPER� 2� ������� 5HLQIHFWLRQV SDU 6FKLVWRVRPD KDHPDWRELXP HW PDQVRQL D

O
RIILFH GX 1LJHU DX 0DOL PDOJUH OD SULVH UHSHWHH GH SUD]LTXDQWHO� 0pGHFLQH 7URSLFDOH�
��� ������

'DER� $�� 6DFNR� 0�� 7RXUH� .�� 'RXPER� 2� DQG 'LDOR� $� �����D�� (SLGHPLRORJLH GH OD

VFKLVWRVRPLDVH HQ PLOLHX VFRODLUH SHULXUEDLQ GH %DPDNR �UHSXEOLTXH GX 0DOL��

%XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH� ��� ������

'DER� $�� 7UDRUH� +� $�� 'LDNLWH� 0�� .RXULED� %�� &DPDUD� )�� &RXOLEDO\� &� 2�� 6DFNR� 0�

DQG 'RXPER� 2� �����E�� 0RUELGLWp pFKRJUDSKLTXH GXH j 6FKLVWRVRPD KDHPDWRELXP

GDQV XQ TXDUWLHU SpULSKpULTXH GH %DPDNR DX 0DOL� 0LVVDERXJRX� %XOOHWLQ GH OD 6RFLpWp

GH 3DWKRORJLH ([RWLTXH� ��� �����

'DQVR�$SSLDK� $� DQG 'H 9ODV� 6� -� ������� ,QWHUSUHWLQJ ORZ SUD]LTXDQWHO FXUH UDWHV RI

6FKLVWRVRPD PDQVRQL LQIHFWLRQV LQ 6HQHJDO� 7UHQGV LQ 3DUDVLWRORJ\� ��� ������

'DQVR�$SSLDK� $�� 'H 9ODV� 6� -�� %RVRPSHP� .� 0� DQG +DEEHPD� -� '� )� ������� 2Q WKH

LQWHJUDWLRQ RI VFKLVWRVRPLDVLV FRQWURO ZLWKLQ WKH KHDOWK VHUYLFHV LQ *KDQD� $ SLORW VWXG\ RI WKH
GHWHUPLQDQWV RI GHFLVLRQ WR VHHN KHDOWK FDUH ZLWK VFKLVWRVRPLDVLV�UHODWHG VLJQV DQG V\PSWRPV�

,QWHUQDO SXEOLFDQWLRQ� (UDVPXV 0&� 5RWWHUGDP�
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'DQVR�$SSLDK� $�� 'H 9ODV� 6� -�� %RVRPSHP� .� 0� DQG +DEEHPD� -� '� )� �LQ SUHVV��

'HWHUPLQDQWV RI VFKLVWRVRPLDVLV KHDOWK VHHNLQJ EHKDYLRXU LQ WKH FRQWH[W RI

LQWHJUDWLQJ FRQWURO ZLWKLQ WKH UHJXODU KHDOWK VHUYLFHV LQ *KDQD� 7URSLFDO 0HGLFLQH DQG
,QWHUQDWLRQDO +HDOWK�

'DYLV�5HHG� /� DQG 7KHLV� -� +� ������� &XWDQHRXV VFKLVWRVRPLDVLV� UHSRUW RI D FDVH DQG

UHYLHZ RI WKH OLWHUDWXUH� -RXUQDO RI WKH $PHULFDQ $FDGHP\ RI 'HUPDWRORJ\� ��� �������

'H &OHUFT� '�� +HQU\� 0� &�� .L\RPER� 0� DQG +XEHUW� 3� ������� %LODQ G
XQ IR\HU GH

VFKLVWRVRPLDVH j 6FKLVWRVRPD PDQVRQL DX 0D\RPEH� 5HSXEOLTXH GX =DLUH� $QQDOHV GH

OD 6RFLpWp %HOJH GH 0pGHFLQH 7URSLFDOH� ��� �������

'H &OHUFT� '�� 5ROOLQVRQ� '�� 'LDUUD� $�� 6DFNR� 0�� &RXOLEDO\� *�� /DQGRXUH� $�� 7UDRUH�

0�� 6RXWKJDWH� 9� 5�� .DXNDV� $� DQG 9HUFUX\VVH� -� ������� 6FKLVWRVRPLDVLV LQ

'RJRQ FRXQWU\� 0DOL� LGHQWLILFDWLRQ DQG SUHYDOHQFH RI WKH VSHFLHV UHVSRQVLEOH IRU

LQIHFWLRQ LQ WKH ORFDO FRPPXQLW\� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH

DQG +\JLHQH� ��� ������

'H &OHUFT� '�� 6DFNR� 0�� %HKQNH� -�� *LOEHUW� )� DQG 9HUFUX\VVH� -� ������� 7KH

UHODWLRQVKLS EHWZHHQ 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DQG VFKRRO SHUIRUPDQFH DQG

DWWHQGDQFH LQ %DPDNR� 0DOL� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� ������

'H &OHUFT� '�� 6DFNR� 0�� 9HUFUX\VVH� -�� 'LDUUD� $�� /DQGRXUH� $�� YDQGHQ %XVVFKH� 9��

*U\VHHOV� %� DQG 'HHOGHU� $� ������� &RPSDULVRQ RI WKH FLUFXODWLQJ DQRGLF DQWLJHQ

GHWHFWLRQ DVVD\ DQG XULQH ILOWUDWLRQ WR GLDJQRVH 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQV LQ

0DOL� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

'H &OHUFT� '�� 6DFNR� 0�� 9HUFUX\VVH� -�� YDQGHQ %XVVFKH� 9�� /DQGRXUH� $�� 'LDUUD� $��

*U\VHHOV� %� DQG 'HHOGHU� $� ������� &LUFXODWLQJ DQRGLF DQG FDWKRGLF DQWLJHQ LQ

VHUXP DQG XULQH RI PL[HG 6FKLVWRVRPD KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQV LQ

2IILFH GX 1LJHU� 0DOL� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������

'H /LPD H &RVWD� 0� )�� 5RFKD� 5� 6� DQG .DW]� 1� ������� 0RUELGDGH GD HVTXLVWRVVRPRVH

H VXD UHODFDR FRP D FRQWDJHP GH RYRV GH 6FKLVWRVRPD PDQVRQL HP XPD ]RQD

KLSHUHQGHPLFD GR HVWDGR GH 0LQDV *HULDV� 5HYLVWD GR ,QVWLWXWR GH 0HGLFLQD 7URSLFDO GH

6mR 3DXOR� ��� ������

'H 6LOYD� 1� 5�� &KDQ� 0� 6� DQG %XQG\� '� $� ������� 0RUELGLW\ DQG PRUWDOLW\ GXH WR

DVFDULDVLV� UH�HVWLPDWLRQ DQG VHQVLWLYLW\ DQDO\VLV RI JOREDO QXPEHUV DW ULVN� 7URSLFDO
0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� �������

'H 9ODV� 6� -� ������� ,Q 0RGHOOLQJ KXPDQ 6FKLVWRVRPD PDQVRQL LQIHFWLRQ WKH DUW RI FRXQWLQJ HJJV LQ

IDHFHV� 7KHVLV� (UDVPXV 8QLYHUVLW\ 5RWWHUGDP� 7KH 1HWKHUODQGV� SS� ����

'H 9ODV� 6� -� DQG *U\VHHOV� %� ������� 8QGHUHVWLPDWLRQ RI 6FKLVWRVRPD PDQVRQL SUHYDOHQFHV�
3DUDVLWRORJ\ 7RGD\� �� ������

'H 9ODV� 6� -�� *U\VHHOV� %�� 9DQ 2RUWPDUVVHQ� *� -�� 3ROGHUPDQ� $� 0� DQG +DEEHPD� -�

'� ������� $ PRGHO IRU YDULDWLRQV LQ VLQJOH DQG UHSHDWHG HJJ FRXQWV LQ 6FKLVWRVRPD

PDQVRQL LQIHFWLRQV� 3DUDVLWRORJ\� ���� �������

'HJUHPRQW� $�� %XUNL� $�� %XUQLHU� (�� 6FKZHL]HU� :�� 0HXGW� 5� DQG 7DQQHU� 0� �������

9DOXH RI XOWUDVRQRJUDSK\ LQ LQYHVWLJDWLQJ PRUELGLW\ GXH WR 6FKLVWRVRPD KDHPDWRELXP

LQIHFWLRQ� 7KH /DQFHW� �� ������

'HOHJXH� 3�� 3LFTXHW� 0�� 6KDZ� '� -�� 9HUFUX\VVH� -�� 6DPERX� %� DQG /\� $� �������

0RUELGLW\ LQGXFHG E\ 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQV� DV DVVHVVHG E\ XOWUDVRXQG
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EHIRUH DQG DIWHU WUHDWPHQW ZLWK SUD]LTXDQWHO� LQ D UHFHQWO\ H[SDQGHG IRFXV �6HQHJDO

5LYHU EDVLQ�� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

'LDOOR� ,�� 0RORXED� 5� DQG 6DUU� /� &� ������� 3ULPDU\ KHDOWK FDUH� IURP DVSLUDWLRQ WR

DFKLHYHPHQW�:RUOG +HDOWK )RUXP� ��� �������

'RGJH� :� )�� :HVW� (� )�� 6PLWK� (� +� DQG %UXFH� ,� +� ������� +DHPDWXULD LQ VFKRRO

FKLOGUHQ� HSLGHPLRORJ\ DQG HDUO\ QDWXUDO KLVWRU\� -RXUQDO RI 3HGULDWULFV� ��� ��������

'RHKULQJ�6FKZHUGWIHJHU� (�� $EGHO�5DKLP� ,� 0�� .DUGRUII� 5�� .DLVHU� &�� )UDQNH� '��

6FKODNH� -�� 5LFKWHU� -�� (OVKHLNK� 0�� 0RKDPHG�$OL� 4� DQG (KULFK� -� +� �������

8OWUDVRQRJUDSKLFDO LQYHVWLJDWLRQ RI SHULSRUWDO ILEURVLV LQ FKLOGUHQ ZLWK 6FKLVWRVRPD

PDQVRQL LQIHFWLRQ� UHYHUVLELOLW\ RI PRUELGLW\ WZHQW\� WKUHH PRQWKV DIWHU WUHDWPHQW

ZLWK SUD]LTXDQWHO� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

'RKHUW\� -� )�� 0RRG\� $� +� DQG :ULJKW� 6� *� ������� .DWD\DPD IHYHU� DQ DFXWH

PDQLIHVWDWLRQ RI VFKLVWRVRPLDVLV� %ULWLVK 0HGLFDO -RXUQDO� ���� �������

'RXPHQJH� -� 3�� 0RWW� .� (�� &KHXQJ� &�� 9LOOHQDYH� '�� &KDSXLV� 2�� 3HUULQ� 0� )� DQG

5HDXG�7KRPDV� *� ������� $WODV RI WKH JOREDO GLVWULEXWLRQ RI VFKLVWRVRPLDVLV� 8QLYHUVLWp GH
%RUGHDX[� %RUGHDX[�

'XQQH� '� :� DQG 3HDUFH� (� -� ������� ,PPXQRORJ\ RI KHSDWRVSOHQLF VFKLVWRVRPLDVLV

PDQVRQL� D KXPDQ SHUVSHFWLYH� 0LFUREHV DQG LQIHFWLRQ� �� �������

(GLQJWRQ� *� 0� ������� 6FKLVWRVRPLDVLV LQ *KDQD ZLWK VSHFLDO UHIHUHQFH WR LWV SDWKRORJ\�

:HVW $IULFDQ 0HGLFDO -RXUQDO� 9,� ������

(IURQ� %� DQG 7LEVKLUDQL� 5� -� ������� $Q LQWURGXFWLRQ WR WKH ERRWVWUDS� &KDSPDQ 	 +DOO�

,QWHUQDWLRQDO 7KRPVRQ 3XEOLVKLQJ� 1HZ <RUN�

(MH]LH� *� &� DQG $GH�6HUUDQR� 0� $� ������� 6FKLVWRVRPD KDHPDWRELXP LQ $MDUD FRPPXQLW\

RI %DGDJU\� 1LJHULD� $ VWXG\ RQ SUHYDOHQFH� LQWHQVLW\ DQG PRUELGLW\ IURP LQIHFWLRQ

DPRQJ SULPDU\ VFKRRO FKLOGUHQ� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� �������

(NDQHP� (� (�� $VLQGL� $� $�� (MH]LH� *� &� DQG $QWLD�2ERQJ� 2� (� ������� (IIHFW RI

6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ RQ WKH SK\VLFDO JURZWK DQG VFKRRO SHUIRUPDQFH RI
1LJHULDQ FKLOGUHQ� &HQWUDO $IULFDQ -RXUQDO RI 0HGLFLQH� ��� ������

(O�+DZH\� $� 0�� $EGHO�5DKPDQ� $� +�� $JLQD� $� $�� $PHU� 0� 0�� +DVKHP� <� $��

*RPDD� $� $�� $ERX HO�'DKDE� 0� 2� DQG 7ROED� 0� $� ������� 3UHYDOHQFH DQG

PRUELGLW\ RI VFKLVWRVRPLDVLV DPRQJ UXUDO ILVKHUPHQ DW WZR (J\SWLDQ YLOODJHV

�*KDUELD *RYHUQRUDWH�� -RXUQDO RI WKH (J\SWLDQ 6RFLHW\ RI 3DUDVLWRORJ\� ��� �������

(O�+DZH\� $� 0�� $PU� 0� 0�� $EGHO�5DKPDQ� $� +�� (O�,ELDU\� 6� $�� $JLQD� $� 0��

$EGHO�+DIH]� 0� $�� :DKHHE� $� $�� +XVVHLQ� 0� +� DQG 6WULFNODQG� *� 7� �������

7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� *KDUELD *RYHUQRUDWH� $PHULFDQ
-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����

(O�6D\HG� +� )�� 5L]NDOOD� 1� +�� 0HKDQQD� 6�� $ED]D� 6� 0� DQG :LQFK� 3� -� �������

3UHYDOHQFH DQG HSLGHPLRORJ\ RI 6FKLVWRVRPD PDQVRQL DQG 6� KDHPDWRELXP LQIHFWLRQ LQ

WZR DUHDV RI (J\SW UHFHQWO\ UHFODLPHG IURP WKH GHVHUW� $PHULFDQ -RXUQDO RI 7URSLFDO
0HGLFLQH DQG +\JLHQH� ��� ������

(OWRXP� ,� $�� 6XODLPDQ� 6�� ,VPDLO� %� 0�� $OL� 0� 0�� (OIDWLK� 0� DQG +RPHLGD� 0� 0�

������� (YDOXDWLRQ RI KDHPDWXULD DV DQ LQGLUHFW VFUHHQLQJ WHVW IRU VFKLVWRVRPLDVLV

KDHPDWRELXP� D SRSXODWLRQ�EDVHG VWXG\ LQ WKH :KLWH 1LOH SURYLQFH� 6XGDQ� $FWD
7URSLFD� ��� ������
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(OWRXP� ,� $�� 6XODLPDQ� 6� 0�� (OWXUDEL� +�� 0DKJRXE� (� DQG +RPHLGD� 0� 0� �������

,QIHFWLRQ ZLWK 6FKLVWRVRPD PDQVRQL LQ WZR GLIIHUHQW HQGHPLF DUHDV� D FRPSDUDWLYH

SRSXODWLRQ�EDVHG VWXG\ LQ (O]LHGDE DQG *H]LUD�0DQDJLO LUULJDWLRQ VFKHPHV� 6XGDQ�

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

(PHMXOX� $� &�� $ODEDURQ\H� )� )�� (]HQZDML� +� 0� DQG 2NDIRU� )� &� ������� ,QYHVWLJDWLRQ

LQWR WKH SUHYDOHQFH RI XULQDU\ VFKLVWRVRPLDVLV LQ WKH $JXOX /DNH DUHD RI $QDPEUD

6WDWH� 1LJHULD� -RXUQDO RI +HOPLQWKRORJ\� ��� �������

(QJHOV� '�� &KLWVXOR� /�� 0RQWUHVRU� $� DQG 6DYLROL� /� ������� 7KH JOREDO HSLGHPLRORJLFDO

VLWXDWLRQ RI VFKLVWRVRPLDVLV DQG QHZ DSSURDFKHV WR FRQWURO DQG UHVHDUFK� $FWD

7URSLFD� ��� �������

(UQRXOG� -��&� DQG %D� .� ������� ,Q $PpQDJHPHQWV +\GUR�DUJLFROHV HW VDQWp �(GV� +HYUH� -��3�
DQG %UHQJXHV� -�� 2UVWRP� 3DULV� SS� �������

(VVLQN�%RW� 0� /�� 3HUHLUD� -�� 3DFNHU� &�� 6FKZDU]LQJHU� 0� DQG %XUVWURP� .� �������

&URVV�QDWLRQDO FRPSDUDELOLW\ RI EXUGHQ RI GLVHDVH HVWLPDWHV� WKH (XURSHDQ

'LVDELOLW\ :HLJKWV 3URMHFW� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� �������

(XOGHULQN� )�� *U\VHHOV� %�� YDQ .DPSHQ� :� -� DQG GH 5HJW� -� ������� +DHPDWRELXP

VFKLVWRVRPLDVLV SUHVHQWLQJ LQ WKH 1HWKHUODQGV DV D VNLQ GLVHDVH� $PHULFDQ -RXUQDO RI

'HUPDWRSDWKRORJ\� ��� ������

)DULG� %DVVLO\� 6�� 6FKXOHUW� $� 5�� =HLQG� $� 6�� 0F&RQQHOO� (� DQG $EGHO :DKDE� 0� )�

������� 8ULQDU\ EORRG ORVV LQ 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ (J\SWLDQ IDUPHUV�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ��������

)DURRT� 0�� 1LHOVHQ� -�� 6DPDDQ� 6� $�� 0DOODK� 0� %� DQG $OODP� $� $� ������� 7KH

HSLGHPLRORJ\ RI 6FKLVWRVRPD KDHPDWRELXP DQG 6� PDQVRQL LQIHFWLRQV LQ WKH (J\SW���
SURMHFW DUHD� �� 3UHYDOHQFH RI ELOKDU]LDVLV LQ UHODWLRQ WR SHUVRQDO DWWULEXWHV DQG

KDELWV� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� ��������

)DUUHOO� $� 0�� :RRGURZ� '�� %U\FHVRQ� $� '�� %XQNHU� &� %� DQG &UHDP� -� -� �������

(FWRSLF FXWDQHRXV VFKLVWRVRPLDVLV� H[WUDJHQLWDO LQYROYHPHQW ZLWK SURJUHVVLYH

XSZDUG VSUHDG� %ULWLVK -RXUQDO RI 'HUPDWRORJ\� ���� ������

)HOGPHLHU� +�� .UDQW]� ,� DQG 3RJJHQVHH� *� ������� )HPDOH JHQLWDO VFKLVWRVRPLDVLV DV D

ULVN�IDFWRU IRU WKH WUDQVPLVVLRQ RI +,9� ,QWHUQDWLRQDO -RXUQDO RI 67' DQG $,'6� ��

�������

)HOGPHLHU� +� DQG 3RJJHQVHH� *� ������� 'LDJQRVWLF WHFKQLTXHV LQ VFKLVWRVRPLDVLV FRQWURO�

$ UHYLHZ� $FWD 7URSLFD� ��� �������

)RQW� )�� $ORQVR *RQ]DOH]� 0�� 1DWKDQ� 5�� .LPDULR� -�� /ZLOOD� )�� $VFDVR� &�� 7DQQHU� 0��

0HQHQGH]� &� DQG $ORQVR� 3� /� ������� 'LDJQRVWLF DFFXUDF\ DQG FDVH PDQDJHPHQW

RI FOLQLFDO PDODULD LQ WKH SULPDU\ KHDOWK VHUYLFHV RI D UXUDO DUHD LQ VRXWK�HDVWHUQ

7DQ]DQLD� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������

)RUV\WK� '� 0� ������� $ ORQJLWXGLQDO VWXG\ RI HQGHPLF XULQDU\ VFKLVWRVRPLDVLV LQ D VPDOO

HDVW DIULFDQ FRPPXQLW\� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� �������

)RUV\WK� '� 0� DQG %UDGOH\� '� -� ������� ,UUHYHUVLEOH GDPDJH E\ 6FKLVWRVRPD KDHPDWRELXP LQ

VFKRROFKLOGUHQ� 7KH /DQFHW� LL� �������

)RUV\WK� '� 0� DQG %UDGOH\� '� -� ������� 7KH FRQVHTXHQFHV RI ELOKDU]LDVLV� PHGLFDO DQG

SXEOLF KHDOWK LPSRUWDQFH LQ 1RUWK�ZHVW 7DQ]DQLD� %XOOHWLQ RI WKH :RUOG +HDOWK
2UJDQL]DWLRQ� ��� �������
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)RUV\WK� '� 0�� %UDGOH\� '� -� DQG 0F0DKRQ� -� ������� 'HDWK DWWULEXWHG WR NLGQH\ IDLOXUH

LQ FRPPXQLWLHV ZLWK HQGHPLF XULQDU\ VFKLVWRVRPLDVLV� 7KH /DQFHW� �� ������

)UHQ]HO� .�� *ULJXOO� /�� 2GRQJR�$JLQ\D� (�� 1GXJZD� &� 0�� /RURQL�/DNZR� 7��

6FKZHLJPDQQ� 8�� 9HVWHU� 8�� 6SDQQEUXFNHU� 1� DQG 'RHKULQJ� (� ������� (YLGHQFH

IRU D ORQJ�WHUP HIIHFW RI D VLQJOH GRVH RI SUD]LTXDQWHO RQ 6FKLVWRVRPD PDQVRQL�

LQGXFHG KHSDWRVSOHQLF OHVLRQV LQ 1RUWKHUQ 8JDQGD� $PHULFDQ -RXUQDO RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� �������

)ULLV� +� DQG %\VNRY� -� ������� 6FKLVWRVRPD PDQVRQL� LQWHQVLW\ RI LQIHFWLRQ DQG PRUELGLW\

DPRQJ VFKRROFKLOGUHQ LQ 0DWODSDQHQJ� 1JDPLODQG� %RWVZDQD� 7URSLFDO DQG

*HRJUDSKLFDO 0HGLFLQH� ��� ������

)XOIRUG� $� -�� 0EXJXD� *� *�� 2XPD� -� +�� .DULXNL� +� &�� 6WXUURFN� 5� )� DQG

%XWWHUZRUWK� $� (� ������� 'LIIHUHQFHV LQ WKH UDWH RI KHSDWRVSOHQRPHJDO\ GXH WR

6FKLVWRVRPD PDQVRQL LQIHFWLRQ EHWZHHQ WZR DUHDV LQ 0DFKDNRV 'LVWULFW� .HQ\D�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

*DEU� 1� 6�� +DPPDG� 7� $�� 2ULHE\� $�� 6KDZN\� (�� .KDWWDE� 0� $� DQG 6WULFNODQG� *� 7�

������� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� 0LQ\D *RYHUQRUDWH�

$PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

*DUED� $�� &DPSDJQH� *�� 3RGD� -� 1�� 3DUHQW� *�� .DPELUH� 5� DQG &KLSSDX[� -� 3� �������

/HV VFKLVWRVRPHV GDQV OD UpJLRQ GH =LJD �%XUNLQD )DVR� DYDQW OD FRQVWUXFWLRQ GX

EDUUDJH� %XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH� ��� ������

*DUED� $�� .LQGH�*D]DUG� '�� 0DNRXWRGH� 0�� %R\HU� 1�� (UQRXOG� -��&�� &KLSSDX[� -��3�

DQG 0DVVRXJERGML� $� ������� eYDOXDWLRQ SUpOLPLQDLUH GH OD PRUELGLWp OLHp j 6�

KDHPDWRELXP HW j 6� PDQVRQL GDQV OD ]RQH GX IXWXU EDUUDJH G
$GMDUDOD DX %pQLQ�
&DKLHUV 6DQWp� ��� ������

*DUED� $�� 7RKRQ� =�� 6LGLNL� $�� &KLSSDX[� -� 3� DQG GH &KDEDOLHU� )� ������� (IILFDFLWH HW

WROHUDQFH GX SUD]LTXDQWHO FKH] O
HQIDQW G
DJH VFRODLUH HQ ]RQH K\SHU�HQGHPLTXH D

6FKLVWRVRPD KDHPDWRELXP �1LJHU� ������ %XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH� ���
�����

*DUQHU� 3� ������� 7KH %DPDNR LQLWLDWLYH� %ULWLVK 0HGLFDO -RXUQDO� ���� ������

*D\H� 2�� 'LDOOR� 6�� 1GLU� 2�� 'LDZ� 2� 7�� 'LRXI� 0�� 1GLD\H� $� $� DQG )D\H� 2� �������

%LOKDU]LRVH LQWHVWLQDOH GDQV OD FRPPXQH GH 5LFKDUG�7ROO� DVSHFWV pSLGpPLRORJLTXHV

HW UHWHQWLVVHPHQWV FOLQLTXHV� 0pGHFLQH G
$IULTXH 1RLU� ��� ������

*HUULWVHQ� 7�� :DONHU� $� 5� 3� DQG GH 0HLOORQ� %� ������� /RQJ WHUP LQYHVWLJDWLRQ RI EORRG

ORVV DQG HJJ ORDG LQ XULQDU\ VFKLVWRVRPLDVLV LQ WKH DGXOW DIULFDQ EDQWX� 7UDQVDFWLRQV RI

WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

*HUVSDFKHU�/DUD� 5�� 3LQWR�6LOYD� 5� $�� 6HUXIR� -� &�� 5D\HV� $� $� 0�� 'UXPPRQG� 6� &�

DQG /DPEHUWXFFL� -� 5� ������� 6SOHQLF SDOSDWLRQ IRU WKH HYDOXDWLRQ RI PRUELGLW\

GXH WR VFKLVWRVRPLDVLV PDQVRQL� 0HPyULDV GR ,QVWLWXWR 2VZDOGR &UX]� ��� ������

*LJDVH� 3� /�� 0DQJHOVFKRWV� (�� %RFNDHUW� 5�� $XWLHU� 3� DQG .HVWHQV� /� �������

,QGLFDWHXUV VLPSOHV GH OD SUHYDOHQFH HW GH O
LQWHQVLWH GH OD ELOKDU]LRVH XULQDLUH DX

7FKDG� $QQDOHV GH OD 6RFLpWp %HOJH GH 0pGHFLQH 7URSLFDOH� ��� �������

*UHHQKDP� 5� ������� $QDHPLD DQG 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ WKH 1RUWK�(DVWHUQ

3URYLQFH RI .HQ\D� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���
�����
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*UHPLOOLRQ� '� +�� *HFNOHU� 5� :�� .XQW]� 5� (� DQG 0DUUDUR� 5� 9� �������

6FKLVWRVRPLDVLV LQ 6DXGL $UDELDQ UHFUXLWV� $ PRUELGLW\ VWXG\ EDVHG RQ TXDQWLWDWLYH

HJJ H[FUHWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

*U\VHHOV� %� ������� 5DSSRUW G
XQH PLVVLRQ G
HYDOXDWLRQ ������������ GX SURMHW 
3URJUDPPH

1DWLRQDO GH /XWWH FRQWUH OD 6FKLVWRVRPLDVHHW GH GHYHORSSHPHQW GH VRLQV GH VDQWp SULPDLUHV DX

0DOL
� 'HXWVFKH *HVHOOVFKDIW I�U 7HFKQLVFKH =XVDPPHQDUEHLW �*W=� *PE+�

*U\VHHOV� %� ������� 7KH PRUELGLW\ RI VFKLVWRVRPLDVLV PDQVRQL LQ WKH 5XVL]L 3ODLQ

�%XUXQGL�� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

*U\VHHOV� %� ������� 7KH UHOHYDQFH RI VFKLVWRVRPLDVLV IRU SXEOLF KHDOWK� 7URSLFDO 0HGLFLQH

DQG 3DUDVLWRORJ\� ��� �������

*U\VHHOV� %� ������� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ %XUXQGL DQG LWV FRQVHTXHQFHV

IRU FRQWURO� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

*U\VHHOV� %� ������� 0RUELGLW\ GXH WR LQIHFWLRQ ZLWK 6FKLVWRVRPD PDQVRQL� DQ XSGDWH� 7URSLFDO

DQG *HRJUDSKLFDO 0HGLFLQH� ��� ��������

*U\VHHOV� %� ������� +XPDQ UHVLVWDQFH WR VFKLVWRVRPD LQIHFWLRQV� DJH RU H[SHULHQFH"

3DUDVLWRORJ\ 7RGD\� ��� ������

*U\VHHOV� %�� 0ED\H� $�� 'H 9ODV� 6� -�� 6WHOPD� )� )�� *XLVVH� )�� 9DQ /LHVKRXW� /�� )D\H�

'�� 'LRS� 0�� /\� $�� 7FKXHP�7FKXHQWH� /� $�� (QJHOV� '� DQG 3ROPDQ� .� �������

$UH SRRU UHVSRQVHV WR SUD]LTXDQWHO IRU WKH WUHDWPHQW RI 6FKLVWRVRPD PDQVRQL
LQIHFWLRQV LQ 6HQHJDO GXH WR UHVLVWDQFH" $Q RYHUYLHZ RI WKH HYLGHQFH� 7URSLFDO

0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� �������

*U\VHHOV� %� DQG 1NXOLN\LQND� /� ������� 7KH GLVWULEXWLRQ RI 6FKLVWRVRPD PDQVRQL LQ WKH

5XVL]L SODLQ �%XUXQGL�� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

*U\VHHOV� %� DQG 1NXOLN\LQND� /� ������� 7ZR�\HDU IROORZ�XS RI 6FKLVWRVRPD PDQVRQL

LQIHFWLRQ DQG PRUELGLW\ DIWHU WUHDWPHQW ZLWK GLIIHUHQW UHJLPHQV RI R[DPQLTXLQH

DQG SUD]LTXDQWHO� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���

�������

*U\VHHOV� %� DQG 1NXOLN\LQND� /� ������� 7KH PRUELGLW\ RI VFKLVWRVRPLDVLV PDQVRQL LQ WKH

KLJKODQG IRFXV RI /DNH &RKRKD� %XUXQGL� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� ������

*U\VHHOV� %� DQG 3ROGHUPDQ� $� 0� ������� 7KH PRUELGLW\ RI VFKLVWRVRPLDVLV PDQVRQL LQ

0DQLHPD �=DLUH�� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���

������

*U\VHHOV� %� DQG 3ROGHUPDQ� $� 0� ������� 0RUELGLW\� GXH WR 6FKLVWRVRPLDVLV PDQVRQL� DQG

LWV FRQWURO LQ VXEVDKDUDQ $IULFD� 3DUDVLWRORJ\ 7RGD\� �� ������

*U\VHHOV� %�� 6WHOPD� )� )�� 7DOOD� ,�� YDQ 'DP� *� -�� 3ROPDQ� .�� 6RZ� 6�� 'LDZ� 0��

6WXUURFN� 5� )�� 'RHKULQJ�6FKZHUGWIHJHU� (�� .DUGRUII� 5� DQG HW DO� �������

(SLGHPLRORJ\� LPPXQRORJ\ DQG FKHPRWKHUDS\ RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQV LQ D

UHFHQWO\ H[SRVHG FRPPXQLW\ LQ 6HQHJDO� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� ����
���

*XLPDUDHV� 0� '� &�� GH %DUURV� +� /� DQG .DW]� 1� ������� $ FOLQLFDO HSLGHPLRORJLF VWXG\

LQ D VFKLVWRVRPLDVLV HQGHPLF DUHD� 5HYLVWD GR ,QVWLWXWR GH 0HGLFLQD 7URSLFDO GH 6mR 3DXOR�

��� ��������
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*X\DWW� +�� %URRNHU� 6�� /ZDPER� 1� -�� 6L]D� -� (� DQG %XQG\� '� $� 3� �����D�� 7KH

SHUIRUPDQFH RI VFKRRO�EDVHG TXHVWLRQQDLUHV RI UHSRUWHG EORRG LQ XULQH LQ

GLDJQRVLQJ 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ� SDWWHUQV E\ DJH DQG VH[� 7URSLFDO
0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������

*X\DWW� +�� *U\VHHOV� %�� 6PLWK� 7� DQG 7DQQHU� 0� ������� $VVHVVLQJ WKH SXEOLF KHDOWK

LPSRUWDQFH RI 6FKLVWRVRPD PDQVRQL LQ GLIIHUHQW HQGHPLF DUHDV� DWWULEXWDEOH IUDFWLRQ

HVWLPDWHV DV DQ DSSURDFK� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

*X\DWW� +� /�� %URRNHU� 6� DQG 'RQQHOO\� &� $� �����E�� &DQ SUHYDOHQFH RI LQIHFWLRQ LQ

VFKRRO�DJHG FKLOGUHQ EH XVHG DV DQ LQGH[ IRU DVVHVVLQJ FRPPXQLW\ SUHYDOHQFH"

3DUDVLWRORJ\� ���� �������

*X\DWW� +� /� DQG %XQG\� '� $� ������� (VWLPDWLQJ SUHYDOHQFH RI FRPPXQLW\ PRUELGLW\

GXH WR LQWHVWLQDO KHOPLQWKV� SUHYDOHQFH RI LQIHFWLRQ DV DQ LQGLFDWRU RI WKH

SUHYDOHQFH RI GLVHDVH� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�

��� �������

+DELE� 0�� $EGHO $]L]� )�� *DPLO� )� DQG &OLQH� %� /� ������� 7KH HSLGHPLRORJ\ RI

VFKLVWRVRPLDVLV LQ (J\SW� 4DO\XELD *RYHUQRUDWH� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH

DQG +\JLHQH� ��� ������

+DOO� $� DQG )HQWLPDQ� $� ������� %ORRG LQ WKH XULQH RI DGROHVFHQW JLUOV LQ DQ DUHD RI

*KDQD ZLWK D ORZ SUHYDOHQFH RI LQIHFWLRQ ZLWK 6FKLVWRVRPD KDHPDWRELXP� 7UDQVDFWLRQV
RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

+DPPDP� +� 0�� $OODP� )� $�� 0RIWDK� )� 0�� $EGHO�$W\� 0� $�� +DQ\� $� +�� $EG�(O�

0RWDJDO\� .� )�� 1DIHK� 0� $�� .KDOLID� 5�� 0LNKDLO� 1� 1�� 7DODDW� 0�� +XVVHLQ� 0�

+� DQG 6WULFNODQG� *� 7� �����D�� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW�

$VVLXW JRYHUQRUDWH� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����

+DPPDP� +� 0�� =DU]RXU� $� +�� 0RIWDK� )� 0�� $EGHO�$W\� 0� $�� +DQ\� $� +�� (O�.DG\�

$� <�� 1DVU� $� 0�� $EG�(O�6DPLH� $�� 4D\HG� 0� +�� 0LNKDLO� 1� 1�� 7DODDW� 0� DQG

+XVVHLQ� 0� +� �����E�� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� 4HQD

JRYHUQRUDWH� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����

+DUULV� $� 5�� 5XVVHOO� 5� -� DQG &KDUWHUV� $� '� ������� $ UHYLHZ RI VFKLVWRVRPLDVLV LQ

LPPLJUDQWV LQ :HVWHUQ $XVWUDOLD� GHPRQVWUDWLQJ WKH XQXVXDO ORQJHYLW\ RI

6FKLVWRVRPD PDQVRQL� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���
������

+DVKHP� 0� ������� 7KH DHWLRORJ\ DQG SDWKRJHQHVLV RI WKH ELOKDU]LDO EODGGHU FDQFHU�

-RXUQDO RI WKH (J\SWLDQ 0HGLFDO $VVRFLDWLRQ� ��� ����

+DW]� &�� -HQNLQV� -� 0�� 0HXGW� 5�� $EGHO�:DKDE� 0� )� DQG 7DQQHU� 0� ������� $ UHYLHZ

RI WKH OLWHUDWXUH RQ WKH XVH RI XOWUDVRQRJUDSK\ LQ VFKLVWRVRPLDVLV ZLWK VSHFLDO

UHIHUHQFH WR LWV XVH LQ ILHOG VWXGLHV� �� 6FKLVWRVRPD KDHPDWRELXP� $FWD 7URSLFD� ��� �����

+DW]� &�� 0D\RPEDQD� &�� GH 6DYLJQ\� '�� 0DF3KHUVRQ� &� 1�� .RHOOD� -� &�� 'HJUHPRQW� $�

DQG 7DQQHU� 0� ������� 8OWUDVRXQG VFDQQLQJ IRU GHWHFWLQJ PRUELGLW\ GXH WR

6FKLVWRVRPD KDHPDWRELXP DQG LWV UHVROXWLRQ IROORZLQJ WUHDWPHQW ZLWK GLIIHUHQW GRVHV

RI SUD]LTXDQWHO� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ���

��

+DW]� &� )�� 9HQQHUYDOG� %� -�� 1NXOLOD� 7�� 9RXQDWVRX� 3�� .RPEH� <�� 0D\RPEDQD� &��

0VKLQGD� +� DQG 7DQQHU� 0� ������� (YROXWLRQ RI 6FKLVWRVRPD KDHPDWRELXP�UHODWHG

SDWKRORJ\ RYHU �� PRQWKV DIWHU WUHDWPHQW ZLWK SUD]LTXDQWHO DPRQJ VFKRRO FKLOGUHQ
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LQ VRXWKHDVWHUQ 7DQ]DQLD� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ����

���

+HDOWK &RXQFLO RI WKH 1HWKHUODQGV ������� 0LFURELDO ULVNV RI UHFUHDWLRQDO ZDWHUV� 7KH

+DJXH� +HDOWK &RXQFLO RI WKH 1HWKHUODQGV� SXEOLFDWLRQ QR� �������(�

+HXUWLHU� <�� /DPRWKH� )�� 'HYHORX[� 0�� 'RFTXLHU� -�� 0RXFKHW� )�� 6HOOLQ� (� DQG 6HOOLQ� %�

������� 8ULQDU\ WUDFW OHVLRQV GXH WR 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DVVHVVHG E\

XOWUDVRQRJUDSK\ LQ D FRPPXQLW\ EDVHG VWXG\ LQ 1LJHU� $PHULFDQ -RXUQDO RI 7URSLFDO
0HGLFLQH DQG +\JLHQH� ��� ��������

+LDWW� 5� $� ������� 0RUELGLW\ IURP 6FKLVWRVRPD PDQVRQL LQIHFWLRQV� DQ HSLGHPLRORJLF VWXG\

EDVHG RQ TXDQWLWDWLYH DQDO\VLV RI HJJ H[FUHWLRQ LQ WZR KLJKODQG (WKLRSLDQ YLOODJHV�

$PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

+LDWW� 5� $� DQG *HEUH�0HGKLQ� 0� ������� 0RUELGLW\ IURP 6FKLVWRVRPD PDQVRQL LQIHFWLRQV�

DQ HSLGHPLRORJLF VWXG\ EDVHG RQ TXDQWLWDWLYH DQDO\VLV RI HJJ H[FUHWLRQ LQ (WKLRSLDQ

FKLOGUHQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

+LDWW� 5� $�� 6RWRPD\RU� =� 5�� 6DQFKH]� *�� =DPEUDQD� 0� DQG .QLJKW� :� %� �������

)DFWRUV LQ WKH SDWKRJHQHVLV RI DFXWH VFKLVWRVRPLDVLV PDQVRQL� -RXUQDO RI ,QIHFWLRXV

'LVHDVHV� ���� �������

+RPHLGD� 0� 0�� (OWRXP� ,� $�� $OL� 0� 0�� 6XOLDPDQ� 6� 0�� (ORELHG� (� $�� 0DQVRXU� 0��

6DDG� $� 0� DQG %HQQHWW� -� /� ������� 7KH HIIHFWLYHQHVV RI DQQXDO YHUVXV ELHQQLDO

PDVV FKHPRWKHUDS\ LQ UHGXFLQJ PRUELGLW\ GXH WR VFKLVWRVRPLDVLV� D SURVSHFWLYH

VWXG\ LQ *H]LUD�0DQDJLO� 6XGDQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���

������

+RSNLQV� '� 5�� (LJHJH� $�� 0LUL� (� 6�� *RQWRU� ,�� 2JDK� *�� 8PDUX� -�� *ZRPNXGX� &�

&�� 0DWKDL� :�� -LQDGX� 0�� $PDGLHJZX� 6�� 2\HQHNDQ� 2� .�� .RUYH� .� DQG

5LFKDUGV� )� 2�� -U� ������� /\PSKDWLF ILODULDVLV HOLPLQDWLRQ DQG VFKLVWRVRPLDVLV

FRQWURO LQ FRPELQDWLRQ ZLWK RQFKRFHUFLDVLV FRQWURO LQ 1LJHULD� $PHULFDQ -RXUQDO RI

7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

,DURWVNL� /� 6� DQG 'DYLV� $� ������� 7KH VFKLVWRVRPLDVLV SUREOHP LQ WKH ZRUOG� UHVXOWV RI D

:+2 TXHVWLRQQDLUH VXUYH\� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� �������

,PSHUDWR� 3� -� ������� ,QGLJHQRXV PHGLFDO EHOLHIV DQG SUDFWLFHV LQ %DPDNR� D 0RVOHP

$IULFDQ FLW\� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� �������

-HOVPD� -�� &KLYDXUD� 9� *�� 0KXQGZD� .�� 'H :HHUGW� :� DQG GH &RFN� 3� ������� 7KH

JOREDO EXUGHQ RI GLVHDVH GLVDELOLW\ ZHLJKWV� 7KH /DQFHW� ���� ��������

-HPDQHK� /�� 6KHZDNHQD� )�� 7HGOD� 6�� (UNR� %� DQG %LUULH� +� ������� (YDOXDWLRQ RI

UHDJHQW VWULSV IRU GHWHFWLRQ RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ WKH ORZHU $ZDVK
YDOOH\� (WKLRSLD� (WKLRSLDQ 0HGLFDO -RXUQDO� ��� �������

-HPDQHK� /�� 7HGOD� 6� DQG %LUULH� +� ������� 7KH XVH RI UHDJHQW VWULSV IRU GHWHFWLRQ RI

XULQDU\ VFKLVWRVRPLDVLV LQIHFWLRQ LQ WKH PLGGOH $ZDVK 9DOOH\� (WKLRSLD� (DVW $IULFDQ

0HGLFDO -RXUQDO� ��� �������

-RKDQVHQ� 0� 9�� 6LPRQVHQ� 3� (�� %XWWHUZRUWK� $� (�� 2XPD� -� +�� 0EXJXD� *� *��

6WXUURFN� 5� )�� 2ULQGD� '� $� DQG &KULVWHQVHQ� 1� 2� ������� $ VXUYH\ RI

6FKLVWRVRPD PDQVRQL LQGXFHG NLGQH\ GLVHDVH LQ FKLOGUHQ LQ DQ HQGHPLF DUHD RI

0DFKDNRV 'LVWULFW� .HQ\D� $FWD 7URSLFD� ��� �����

-RUGDQ� 3�� :HEEH� *� DQG 6WXUURFN� 5� )� ������� +XPDQ VFKLVWRVRPLDVLV� &$% ,QWHUQDWLRQDO�

&DPEULGJH�



R E F E R E N C E S

���

.DEDWHUHLQH� 1� ������� 6FKLVWRVRPD PDQVRQL LQ D ILVKLQJ FRPPXQLW\ RQ WKH VKRUHV RI /DNH

$OEHUW DW %XWLDED� 8JDQGD� HSLGHPLRORJ\� PRUELGLW\� UH�LQIHFWLRQ SDWWHUQV DQG LPSDFW RI

WUHDWPHQW ZLWK SUD]LTXDQWHO� 7KHVLV� 8QLYHUVLW\ RI &RSHQKDJHQ DQG 'DQLVK %LOKDU]LDVLV
/DERUDWRU\ &RSHQKDJHQ� 'HQPDUN� FKDSWHU ��

.DJHU� 3� $� DQG 6FKLSSHU� +� *� ������� .RRUWV HQ HRVLQRILOLH� DO GDQ QLHW PHW XUWLFDULD� QD

HHQ UHLV GRRU $IULND� DFXWH VFKLVWRVRPLDVLV� 1HGHUODQGV 7LMGVFKULIW YRRU *HQHHVNXQGH�

���� ������

.DLVHU� &�� %HUJHO� )�� 'RHKULQJ�6FKZHUGWIHJHU� (�� )HOGPHLHU� +� DQG (KULFK� -� +� �������

8ULQH WHVW VWULSV� UHOLDELOLW\ RI VHPL�TXDQWLWDWLYH ILQGLQJV XQGHU WURSLFDO FRQGLWLRQV�

3HGLDWULF 1HSKURORJ\� �� ������

.DPXQYL� )� DQG )HUJXVRQ� $� *� ������� .QRZOHGJH� DWWLWXGHV DQG SUDFWLFHV �.$3� RI

KXPDQ LQWHVWLQDO KHOPLQWKV �ZRUPV� LQ WZR UXUDO FRPPXQLWLHV LQ 1\DQ]D 3URYLQFH�

:HVWHUQ .HQ\D� (DVW $IULFDQ 0HGLFDO -RXUQDO� ��� �������

.DUGRUII� 5�� *DERQH� 5� 0�� 0XJDVKH� &�� 2ELJD� '�� 5DPDURNRWR� &� (�� 0DKOHUW� &��

6SDQQEUXFNHU� 1�� /DQJ� $�� *XQ]OHU� 9�� *U\VHHOV� %�� (KULFK� -� +� DQG 'RHKULQJ�

(� ������� 6FKLVWRVRPD PDQVRQL�UHODWHG PRUELGLW\ RQ 8NHUHZH ,VODQG� 7DQ]DQLD�

FOLQLFDO� XOWUDVRQRJUDSKLFDO DQG ELRFKHPLFDO SDUDPHWHUV� 7URSLFDO 0HGLFLQH DQG

,QWHUQDWLRQDO +HDOWK� �� ������

.DUGRUII� 5�� 6WHOPD� )� )�� 9RFNH� $� .�� <D]GDQSDQDK� <�� 7KRPDV� $� .�� 0ED\H� $��

7DOOD� ,�� 1LDQJ� 0�� (KULFK� -� +�� 'RHKULQJ� (� DQG *U\VHHOV� %� �������

8OWUDVRQRJUDSK\ LQ D 6HQHJDOHVH FRPPXQLW\ UHFHQWO\ H[SRVHG WR 6FKLVWRVRPD PDQVRQL

LQIHFWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

.DUGRUII� 5�� 7UDRUH� 0�� 'LDUUD� $�� 6DFNR� 0�� 0DLJD� 0�� )UDQNH� '�� 9HVWHU� 8�� +DQVHQ�

8�� 7UDRUH� +� $�� )RQJRUR� 6� DQG HW DO� ������� /DFN RI XOWUDVRQRJUDSKLF HYLGHQFH

IRU VHYHUH KHSDWRVSOHQLF PRUELGLW\ LQ VFKLVWRVRPLDVLV PDQVRQL LQ 0DOL� $PHULFDQ

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

.DW]� 1� ������� 6FKLVWRVRPLDVLV FRQWURO LQ %UD]LO� 0HPyULDV GR ,QVWLWXWR 2VZDOGR &UX]� ���
�����

.DW]� 1�� &KDYHV� $� DQG 3HOOHJULQR� -� ������� $ VLPSOH GHYLFH IRU TXDQWLWDWLYH VWRRO WKLFN�

VPHDU WHFKQLTXH LQ 6FKLVWRVRPLDVLV PDQVRQL� 5HYLVWD GR ,QVWLWXWR GH 0HGLFLQD 7URSLFDO

GH 6DR 3DXOR� ��� ��������

.KHLU� 0� 0�� (OWRXP� ,� $�� 6DDG� $� 0�� $OL� 0� 0�� %DUDND� 2� =� DQG +RPHLGD� 0� 0�

������� 0RUWDOLW\ GXH WR VFKLVWRVRPLDVLV PDQVRQL� D ILHOG VWXG\ LQ 6XGDQ� $PHULFDQ

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

.LLUH� &� )� ������� &RQWUROOHG WULDO RI SURSUDQRORO WR SUHYHQW UHFXUUHQW YDULFHDO EOHHGLQJ LQ

SDWLHQWV ZLWK QRQ�FLUUKRWLF SRUWDO ILEURVLV� %ULWLVK 0HGLFDO -RXUQDO� ���� �������

.LOLNX� )� 0�� .LPXUD� (�� 0XKRKR� 1�� 0LJZL� '� .� DQG .DWVXPDWD� 7� ������� 7KH

XVHIXOQHVV RI XULQDO\VLV UHDJHQW VWULSV LQ VHOHFWLQJ 6FKLVWRVRPD KDHPDWRELXP HJJ

SRVLWLYHV EHIRUH DQG DIWHU WUHDWPHQW ZLWK SUD]LTXDQWHO� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG
+\JLHQH� ��� ������

.LQJ� &� +�� .HDWLQJ� &� (�� 0XUXND� -� )�� 2XPD� -� +�� +RXVHU� +�� 6LRQJRN� 7� .� DQG

0DKPRXG� $� $� �����D�� 8ULQDU\ WUDFW PRUELGLW\ LQ VFKLVWRVRPLDVLV KDHPDWRELD�

DVVRFLDWLRQV ZLWK DJH DQG LQWHQVLW\ RI LQIHFWLRQ LQ DQ HQGHPLF DUHD RI &RDVW

3URYLQFH� .HQ\D� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������
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���

.LQJ� &� +�� /RPEDUGL� *�� /RPEDUGL� &�� *UHHQEODWW� 5�� +RGGHU� 6�� .LQ\DQMXL� +��

2XPD� -�� 2GLDPER� 2�� %U\DQ� 3� -�� 0XUXND� -� DQG HW DO� �����E�� &KHPRWKHUDS\�

EDVHG FRQWURO RI VFKLVWRVRPLDVLV KDHPDWRELD� ,� 0HWULIRQDWH YHUVXV SUD]LTXDQWHO LQ

FRQWURO RI LQWHQVLW\ DQG SUHYDOHQFH RI LQIHFWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH

DQG +\JLHQH� ��� ��������

.LWDQJH� +� 0�� 6ZDL� $� %�� 0F/DUW\� '� *� DQG $OEHUWL� .� *� ������� 6FKLVWRVRPLDVLV

SUHYDOHQFH DIWHU DGPLQLVWUDWLRQ RI SUD]LTXDQWHO WR VFKRRO FKLOGUHQ LQ 0HOHOD YLOODJH�

0RURJRUR UHJLRQ� 7DQ]DQLD� (DVW $IULFDQ 0HGLFDO -RXUQDO� ��� ������

.LWLQ\D� -� 1�� /DXUHQ� 3� $�� (VKOHPDQ� /� -�� 3DOMDUYL� /� DQG 7DQDND� .� ������� 7KH

LQFLGHQFH RI VTXDPRXV DQG WUDQVLWLRQDO FHOO FDUFLQRPDV RI WKH XULQDU\ EODGGHU LQ

QRUWKHUQ 7DQ]DQLD LQ DUHDV RI KLJK DQG ORZ OHYHOV RI HQGHPLF 6FKLVWRVRPD
KDHPDWRELXP LQIHFWLRQ� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�

��� ������

.ORHW]HO� .� ������� 0RUWDOLW\ LQ FKURQLF VSOHQRPHJDO\ GXH WR 6FKLVWRVRPLDVLV PDQVRQL�

IROORZ�XS VWXG\ LQ D %UD]LOLDQ SRSXODWLRQ� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO
0HGLFLQH DQG +\JLHQH� ��� ������

.ORHW]HO� .� DQG 6FKXVWHU� 1� +� ������� 5HSHDWHG PDVV WUHDWPHQW RI VFKLVWRVRPLDVLV

PDQVRQL� H[SHULHQFH LQ K\SHUHQGHPLF DUHDV RI %UD]LO� ,� 3DUDVLWRORJLFDO HIIHFWV DQG

PRUELGLW\� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

.OXPSS� 5� .� DQG :HEEH� *� ������� )RFDO� VHDVRQDO DQG EHKDYLRXUDO SDWWHUQV RI

LQIHFWLRQ DQG WUDQVPLVVLRQ RI 6FKLVWRVRPD KDHPDWRELXP LQ D IDUPLQJ YLOODJH DW WKH

9ROWD /DNH� *KDQD� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

.RQJV� $�� 9HUOH� 3�� 'LHQJ� $�� 7DOOD� ,� DQG 5RXTXHW� 3� ������� &OLQLFDO LQYHVWLJDWLRQ RI D

SRSXODWLRQ UHFHQWO\ LQIHFWHG ZLWK 6FKLVWRVRPD PDQVRQL �5LFKDUG�7ROO� 6HQHJDO��

7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� ������

.RQJV� $�� 9HUOH� 3� DQG 7DOOD� ,� ������� (SLGHPLF VFKLVWRVRPLDVLV LQ WKH GHOWD RI WKH

6HQHJDO 5LYHU %DVLQ� 6HQHJDO� UHVSRQVHV RI WKH KHDOWK FDUH V\VWHP� $QQDOHV GH OD
6RFLpWp %HOJH GH 0pGHFLQH 7URSLFDOH� ��� �������

.RSHORZ� 0� /�� 6FKQDEO� *� .�� +DVVDUG� 7� +�� 7DPEO\Q� 5� 0�� .ODVV� '� -�� %HD]OH\� *��

+HFKWHU� )� DQG *URWW� 0� ������� $VVHVVLQJ SUDFWLVLQJ SK\VLFLDQV LQ WZR VHWWLQJV

XVLQJ VWDQGDUGL]HG SDWLHQWV� $FDGHPLF 0HGLFLQH� ��� 6������

.YDOVYLJ� -� '� ������� 7KH HIIHFWV RI 6FKLVWRVRPLDVLV KDHPDWRELXP RQ WKH DFWLYLW\ RI

VFKRRO FKLOGUHQ� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

.YDOVYLJ� -� '� ������� 7KH HIIHFWV RI SDUDVLWLF LQIHFWLRQ RQ FRJQLWLYH SHUIRUPDQFH�

3DUDVLWRORJ\ 7RGD\� �� ������

.YDOVYLJ� -� '�� &RRSSDQ� 5� 0� DQG &RQQROO\� .� -� ������� 7KH HIIHFWV RI SDUDVLWH

LQIHFWLRQV RQ FRJQLWLYH SURFHVVHV LQ FKLOGUHQ� $QQDOV RI 7URSLFDO 0HGLFLQH DQG

3DUDVLWRORJ\� ��� �������

/D 9HFFKLD� &�� /XFFKLQL� )�� 1HJUL� (�� %R\OH� 3� DQG /HYL� )� ������� 7UHQGV LQ FDQFHU

PRUWDOLW\� ���������� $VLD� $IULFD DQG 2FHDQLD� (XURSHDQ -RXUQDO RI &DQFHU� ��� �����

����

/DPRWKH� )�� 'HYHORX[� 0�� 'HYLGDV� $�� 0RXFKHW� )� DQG 6HOOLQ� %� ������� eWXGH

pFKRJUDSKLTXH GH OD PRUELGLWp GXH D OD ELOKDU]LRVH XULQDLUH GDQV XQ YLOODJH

K\SHUHQGpPLTXH 1LJpULHQ� %XOOHWLQ GH OD 6RFLpWp GH 3DWKRORJLH ([RWLTXH� ��� �������
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/HKPDQ� -� 6�� -U�� )DULG� =� DQG %DVVLO\� 6� ������� 0RUWDOLW\ LQ XULQDU\ VFKLVWRVRPLDVLV� 7KH

/DQFHW� �� ������

/HKPDQ� -� 6�� -U�� 0RWW� .� (�� 0RUURZ� 5� +�� -U�� 0XQL]� 7� 0� DQG %R\HU� 0� +� �������

7KH LQWHQVLW\ DQG HIIHFWV RI LQIHFWLRQ ZLWK 6FKLVWRVRPD PDQVRQL LQ D UXUDO FRPPXQLW\

LQ QRUWKHDVW %UD]LO� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

/HQJHOHU� &�� GH 6DYLJQ\� '�� 0VKLQGD� +�� 0D\RPEDQD� &�� 7D\DUL� 6�� +DW]� &��

'HJUHPRQW� $� DQG 7DQQHU� 0� ������� &RPPXQLW\�EDVHG TXHVWLRQQDLUHV DQG

KHDOWK VWDWLVWLFV DV WRROV IRU WKH FRVW�HIILFLHQW LGHQWLILFDWLRQ RI FRPPXQLWLHV DW ULVN

RI XULQDU\ VFKLVWRVRPLDVLV� ,QWHUQDWLRQDO -RXUQDO RI (SLGHPLRORJ\� ��� ��������

/HQJHOHU� &�� 0DNZDOD� -�� 1JLPEL� '� DQG 8W]LQJHU� -� ������� 6LPSOH VFKRRO

TXHVWLRQQDLUHV FDQ PDS ERWK 6FKLVWRVRPD PDQVRQL DQG 6FKLVWRVRPD KDHPDWRELXP LQ WKH

'HPRFUDWLF 5HSXEOLF RI &RQJR� $FWD 7URSLFD� ��� ������

/HQJHOHU� &�� 8W]LQJHU� -� DQG 7DQQHU� 0� ������� 4XHVWLRQQDLUHV IRU UDSLG VFUHHQLQJ RI

VFKLVWRVRPLDVLV LQ VXE�6DKDUDQ $IULFD� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ���

�������

/RNHU� (� 6� ������� $ FRPSDUDWLYH VWXG\ RI WKH OLIH�KLVWRULHV RI PDPPDOLDQ VFKLVWRVRPHV�

3DUDVLWRORJ\� ��� �������

/XFDV� 6� %� ������� 6TXDPRXV FHOO FDUFLQRPD RI WKH EODGGHU DQG VFKLVWRVRPLDVLV� (DVW

$IULFDQ 0HGLFDO -RXUQDO� ��� �������

/ZDPER� 1� -�� 6DYLROL� /�� .LVXPNX� 8� 0�� $ODZL� .� 6� DQG %XQG\� '� $� �����D��

&RQWURO RI 6FKLVWRVRPD KDHPDWRELXP PRUELGLW\ RQ 3HPED ,VODQG� YDOLGLW\ DQG

HIILFLHQF\ RI LQGLUHFW VFUHHQLQJ WHVWV� %XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� ����

���

/ZDPER� 1� -�� 6DYLROL� /�� .LVXPNX� 8� 0�� $ODZL� .� 6� DQG %XQG\� '� $� �����E�� 7KH

UHODWLRQVKLS EHWZHHQ SUHYDOHQFH RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DQG GLIIHUHQW

PRUELGLW\ LQGLFDWRUV GXULQJ WKH FRXUVH RI D FRQWURO SURJUDPPH RQ 3HPED ,VODQG�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

/\RQV� *� 5� ������� 6FKLVWRVRPLDVLV LQ QRUWK�ZHVWHUQ *KDQD� %XOOHWLQ RI WKH :RUOG +HDOWK

2UJDQL]DWLRQ� ��� �������

0DIH� 0� $� ������� 7KH GLDJQRVWLF SRWHQWLDO RI WKUHH LQGLUHFW WHVWV IRU XULQDU\

VFKLVWRVRPLDVLV LQ 1LJHULD� $FWD 7URSLFD� ��� �������

0DQVRQ�%DKU� 3� (� &� DQG %HOO� '� 5� ������� 0DQVRQ
V 7URSLFDO 'LVHDVHV� %DLOOLHUH 7LQGDOO�

/RQGRQ�

0DUWLQV� 0� -�� 3LQWR�6LOYD� 5� $�� 6HUXIR� -� &�� 5D\HV� $� $� 0�� 'DPDVFHQR� 0� 3� 6��

0DUWLQV� 0� /� 9�� 6DQWRV� $� 3� 6�� 'UXPPRQG� 6� &�� %H]HUUD� 0� $� 6� DQG

/DPEHUWXFFL� -� 5� ������� 0RUELGLW\ RI VFKLVWRVRPLDVLV LQ DQ HQGHPLF DUHD RI WKH

1RUWKHDVW VWDWH RI 0LQDV *HULDV LQ %UD]LO� D FOLQLFDO DQG VRQRJUDSKLF VWXG\�

0HPyULDV GR ,QVWLWXWR 2VZDOGR &UX]� ��� ������

0DVDED� 6� &�� $ZLWL� ,� (� DQG 0XUXND� -� )� ������� 0RUELGLW\ LQ XULQDU\ VFKLVWRVRPLDVLV LQ

UHODWLRQ WR WKH LQWHQVLW\ RI LQIHFWLRQ LQ .LVXPX� .HQ\D� -RXUQDO RI 7URSLFDO 0HGLFLQH

DQG +\JLHQH� ��� �����

0F&XOORXJK� )� 6� ������� 7KH GLVWULEXWLRQ RI KXPDQ VFKLVWRVRPLDVLV DQG WKH SRWHQWLDO

VQDLO KRVWV LQ *KDQD� :HVW $IULFDQ 0HGLFDO -RXUQDO� 9,� ������
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0F&XOORXJK� )� 6� DQG $OL� <� 0� ������� 7KH GLVWULEXWLRQ DQG SUHYDOHQFH RI 6FKLVWRVRPD

KDHPDWRELXP DQG 6FKLVWRVRPD PDQVRQL LQ *KDQD� *KDQD 0HGLFDO -RXUQDO� �� �����

0F.HUURZ� -� +� DQG 6DOWHU� -� ������� ,QYDVLRQ RI VNLQ E\ 6FKLVWRVRPD FHUFDULDH� 7UHQGV LQ
3DUDVLWRORJ\� ��� ������

0HGKDW� $�� =DU]RXU� $�� 1DIHK� 0�� 6KDWD� 7�� 6ZHLILH� <�� $WWLD� 0�� +HOP\� $�� 6KHKDWD�

0�� =DNL� 6�� 0LNKDLO� 1�� ,EUDKLP� 6�� .LQJ� &� DQG 6WULFNODQG� *� 7� �������

(YDOXDWLRQ RI DQ XOWUDVRQRJUDSKLF VFRUH IRU XULQDU\ EODGGHU PRUELGLW\ LQ 6FKLVWRVRPD
KDHPDWRELXP LQIHFWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����

0HGOH\� *� )� DQG %XQG\� '� $� ������� '\QDPLF PRGHOLQJ RI HSLGHPLRORJLF SDWWHUQV RI

VFKLVWRVRPLDVLV PRUELGLW\� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ����

���

0LOKROODQG� $� 9�� :KHHOHU� 6� *� DQG +HLHFN� -� -� ������� 0HGLFDO DVVHVVPHQW E\ D 'HOSKL

JURXS RSLQLRQ WHFKQLF� 1HZ (QJODQG -RXUQDO RI 0HGLFLQH� ���� �������

0RKU� '�� 2IIRUG� .� 3�� 2ZHQ� 5� $� DQG 0HOVRQ� /� -� ������� $V\PSWRPDWLF

PLFURKDHPDWXULD DQG XURORJLF GLVHDVH� D SRSXODWLRQ�EDVHG VWXG\� -RXUQDO RI WKH
$PHULFDQ 0HGLFDO $VVRFLDWLRQ� ���� ��������

0RVWDID� 0� +�� 6KHZHLWD� 6� $� DQG 2
&RQQRU� 3� -� ������� 5HODWLRQVKLS EHWZHHQ

VFKLVWRVRPLDVLV DQG EODGGHU FDQFHU� &OLQLFDO 0LFURELRORJ\ 5HYLHZV� ��� �������

0RWW� .� (�� 'L[RQ� +�� 2VHL�7XWX� (� DQG (QJODQG� (� &� ������� 5HODWLRQ EHWZHHQ

LQWHQVLW\ RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DQG FOLQLFDO KDHPDWXULD DQG

SURWHLQXULD� 7KH /DQFHW� �� �������

0RWW� .� (�� 'L[RQ� +�� 2VHL�7XWX� (�� (QJODQG� (� &� DQG 'DYLV� $� �����D�� (IIHFW RI

SUD]LTXDQWHO RQ KHPDWXULD DQG SURWHLQXULD LQ XULQDU\ VFKLVWRVRPLDVLV� $PHULFDQ
-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ��������

0RWW� .� (�� 'L[RQ� +�� 2VHL�7XWX� (�� (QJODQG� (� &�� (NXH� .� DQG 7HNOH� $� �����E��

(YDOXDWLRQ RI UHDJHQW VWULSV LQ XULQH WHVWV IRU GHWHFWLRQ RI 6FKLVWRVRPD KDHPDWRELXP

LQIHFWLRQ� D FRPSDUDWLYH VWXG\ LQ *KDQD DQG =DPELD� %XOOHWLQ RI WKH :RUOG +HDOWK
2UJDQL]DWLRQ� ��� �������

0WDVLZD� '�� 0D\RPEDQD� &�� .LOLPD� 3� DQG 7DQQHU� 0� ������� 9DOLGDWLRQ RI UHDJHQW

VWLFNV LQ GLDJQRVLQJ XULQDU\ VFKLVWRVRPLDVLV LQ DQ XUEDQ VHWWLQJ� (DVW $IULFDQ 0HGLFDO

-RXUQDO� ��� ��������

0XQJRPED� /� 0� DQG .DOXPED� .� ������� 9DOLGDWLRQ RI VFKLVWRVRPLDVLV PRUELGLW\

V\PSWRPV LQ VFKRROFKLOGUHQ RI 6LDYRQJD� /DNH .DULED� =DPELD� $QQDOV RI 7URSLFDO

0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

0XUDUH� +� 0� DQG 7D\ORU� 3� ������� +DHPDWXULD DQG SURWHLQXULD GXULQJ 6FKLVWRVRPD
KDHPDWRELXP LQIHFWLRQ� UHODWLRQVKLS WR LQWHQVLW\ RI LQIHFWLRQ DQG WKH YDOXH RI

FKHPLFDO UHDJHQW VWULSV IRU SUH� DQG SRVW�WUHDWPHQW GLDJQRVLV� 7UDQVDFWLRQV RI WKH

5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

0XUUD\� &� -� /� DQG /RSH]� $� '� ������� 7KH JOREDO EXUGHQ RI GLVHDVH� +DUYDUG 8QLYHUVLW\
3UHVV� +DUYDUG�

0XUUD\� &� -� /� DQG /RSH]� $� '� �����D�� 0RUWDOLW\ E\ FDXVH IRU HLJKW UHJLRQV RI WKH

ZRUOG� *OREDO %XUGHQ RI 'LVHDVH 6WXG\� 7KH /DQFHW� ���� ��������
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0XUUD\� &� -� /� DQG /RSH]� $� '� �����E�� 5HJLRQDO SDWWHUQV RI GLVDELOLW\�IUHH OLIH

H[SHFWDQF\ DQG GLVDELOLW\� DGMXVWHG OLIH H[SHFWDQF\� *OREDO %XUGHQ RI 'LVHDVH

6WXG\� 7KH /DQFHW� ���� ��������

1GDPED� -�� 0DND]D� 1�� .DRQGHUD� .� &� DQG 0XQMRPD� 0� ������� 0RUELGLW\ GXH WR

6FKLVWRVRPD PDQVRQL DPRQJ VXJDU�FDQH FXWWHUV LQ =LPEDEZH� ,QWHUQDWLRQDO -RXUQDO RI

(SLGHPLRORJ\� ��� �������

1GXND� )� 2�� $MDHUR� &� 0� DQG 1ZRNH� %� (� ������� 8ULQDU\ VFKLVWRVRPLDVLV DPRQJ

VFKRRO FKLOGUHQ LQ DQ HQGHPLF FRPPXQLW\ LQ VRXWK�HDVWHUQ 1LJHULD� $SSOLHG

3DUDVLWRORJ\� ��� ������

1G\RPXJ\HQ\L� 5� DQG 0LQMDV� -� 1� ������� 8ULQDU\ VFKLVWRVRPLDVLV LQ VFKRROFKLOGUHQ LQ

'DU�HV�6DODDP� 7DQ]DQLD� DQG WKH IDFWRUV LQIOXHQFLQJ LWV WUDQVPLVVLRQ� $QQDOV RI
7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� ��������

1
*RUDQ� (� .�� 8W]LQJHU� -�� 1
*XHVVDQ� $� 1�� 0XOOHU� ,�� =DPEOH� .�� /RKRXULJQRQ� .�

/�� 7UDRUH� 0�� 6RVWKHQH� %� $�� /HQJHOHU� &� DQG 7DQQHU� 0� ������� 5HLQIHFWLRQ

ZLWK 6FKLVWRVRPD KDHPDWRELXP IROORZLQJ VFKRRO�EDVHG FKHPRWKHUDS\ ZLWK

SUD]LTXDQWHO LQ IRXU KLJKO\ HQGHPLF YLOODJHV LQ &RWH G
,YRLUH� 7URSLFDO 0HGLFLQH DQG

,QWHUQDWLRQDO +HDOWK� �� �������

1
*RUDQ� .� (�� <DSL <DSL� <�� 5H\� -� /�� 6RUR� %�� &RXOLEDO\� $� DQG %HOOHF� &� �������

'HSLVWDJH GH OD VFKLVWRVRPRVH XULQDLUH SDU EDQGHOHWWHV UHDFWLYHV D O
KHPDWXULH�

(YDOXDWLRQ HQ ]RQHV GH PR\HQQH HW IDLEOH HQGHPLH GH &RWH� G
,YRLUH� %XOOHWLQ GH OD

6RFLpWp GH 3DWKRORJLH ([RWLTXH )LOLDOHV� ��� �������

1L]DPL� 6� 4�� .KDQ� ,� $� DQG %KXWWD� =� $� ������� 'LIIHUHQFHV LQ VHOI�UHSRUWHG DQG

REVHUYHG SUHVFULELQJ SUDFWLFH RI JHQHUDO SUDFWLWLRQHUV DQG SDHGLDWULFLDQV IRU DFXWH

ZDWHU\ GLDUUKRHD LQ FKLOGUHQ RI .DUDFKL� 3DNLVWDQ� -RXUQDO RI 'LDUUKRHDO 'LVHDVHV

5HVHDUFK� ��� ������

1L]DPL� 6� 4�� .KDQ� ,� $� DQG %KXWWD� =� $� ������� 'UXJ SUHVFULELQJ SUDFWLFHV RI JHQHUDO

SUDFWLWLRQHUV DQG SDHGLDWULFLDQV IRU FKLOGKRRG GLDUUKRHD LQ .DUDFKL� 3DNLVWDQ� 6RFLDO
6FLHQFH DQG 0HGLFLQH� ��� �������

1RNHV� &� DQG %XQG\� '� $� 3� ������� 'RHV KHOPLQWK LQIHFWLRQ DIIHFW PHQWDO SURFHVVLQJ

DQG HGXFDWLRQDO DFKLHYHPHQW" 3DUDVLWRORJ\ 7RGD\� ��� ������

1RRPDQ� =� 0�� +DVDQ� $� +�� :DKHHE� <�� 0LVKULN\� $� 0�� 5DJKHE� 0�� $EX�6DLI� $� 1��

$ED]D� 6� 0�� 6HUZDK� $� $�� (O�*RKDU\� $�� 6DDG� $�� (O�6D\HG� 0� DQG )RXDG� 0�

������� 7KH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ (J\SW� ,VPDLOLD JRYHUQRUDWH�

$PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

1RUIUD\� -� )�� 6FKODFKWHU� /�� +HLVHU� :� -�� :HLQEHUJ� 3� (�� -HUYD� 0� -� DQG :L]JLUG� -� 3�

������� 6FKLVWRVRPLDVLV RI WKH VSLQDO FRUG� 6XUJLFDO 1HXURORJ\� �� ������

1\RQDWRU� )� DQG .XW]LQ� -� ������� +HDOWK IRU VRPH" 7KH HIIHFWV RI XVHU IHHV LQ WKH 9ROWD

5HJLRQ RI *KDQD� +HDOWK 3ROLF\ DQG 3ODQQLQJ� ��� �������

2IRH]LH� ,� (�� $VDXOX� 6� 2�� &KULVWHQVHQ� 1� 2� DQG 0DGVHQ� +� ������� 3DWWHUQV RI

LQIHFWLRQ ZLWK 6FKLVWRVRPD KDHPDWRELXP LQ ODNHVLGH UHVHWWOHPHQW FRPPXQLWLHV DW WKH

2\DQ 5HVHUYRLU LQ 2JXQ 6WDWH� VRXWK� ZHVWHUQ 1LJHULD� $QQDOV RI 7URSLFDO 0HGLFLQH

DQG 3DUDVLWRORJ\� ��� �������

2IRUL�$GMHL� '�� $GMHSRQ�<DPRDK� .� .�� $VKLWH\� *� $� DQG 2VHL�7XWX� (� �������

6FUHHQLQJ PHWKRGV IRU XULQDU\ VFKLVWRVRPLDVLV LQ DQ HQGHPLF DUHD �WKH
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���

.UDERD�&RDOWDU GLVWULFW RI *KDQD�� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ���

������

2IRUL�$GMHL� '� DQG $UKLQIXO� '� .� ������� (IIHFW RI WUDLQLQJ RQ WKH FOLQLFDO PDQDJHPHQW

RI PDODULD E\ PHGLFDO DVVLVWDQWV LQ *KDQD� 6RFLDO 6FLHQFH DQG 0HGLFLQH� ��� ��������

2NROL� (� ,� DQG 2GDLER� $� %� ������� 8ULQDU\ VFKLVWRVRPLDVLV DPRQJ VFKRROFKLOGUHQ LQ

,EDGDQ� DQ XUEDQ FRPPXQLW\ LQ VRXWK�ZHVWHUQ 1LJHULD� 7URSLFDO 0HGLFLQH DQG

,QWHUQDWLRQDO +HDOWK� �� �������

2PHU� $� +�� +DPLOWRQ� 3� -�� 0DUVKDOO� 7� )� DQG 'UDSHU� &� &� ������� ,QIHFWLRQ ZLWK

6FKLVWRVRPD PDQVRQL LQ WKH *H]LUH DUHD RI WKH 6XGDQ� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG

+\JLHQH� ��� ������

2QJRP� 9� /� DQG %UDGOH\� '� -� ������� 7KH HSLGHPLRORJ\ DQG FRQVHTXHQFHV RI

6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ :HVW 1LOH� 8JDQGD� ,� )LHOG VWXGLHV RI D FRPPXQLW\

DW 3DQ\DJRUR� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ����

���

2QJRP� 9� /�� 2ZRU� 5�� *UXQG\� 5� DQG %UDGOH\� '� -� ������� 7KH HSLGHPLRORJ\ DQG

FRQVHTXHQFHV RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ :HVW 1LOH� 8JDQGD� ,,� +RVSLWDO

LQYHVWLJDWLRQ RI D VDPSOH IURP WKH 3DQ\DJRUR FRPPXQLW\� 7UDQVDFWLRQV RI WKH 5R\DO

6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

2QRUL� (�� 0F&XOORXJK� )� 6� DQG 5RVHL� /� ������� 6FKLVWRVRPLDVLV LQ WKH 9ROWD UHJLRQ RI

*KDQD� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� ������

2]XPED� 1� $�� &KULVWHQVHQ� 1� 2�� 1ZRVX� $� %� DQG 1ZDRUJX� 2� &� �������

(QGHPLFLW\� IRFDOLW\ DQG VHDVRQDOLW\ RI WUDQVPLVVLRQ RI KXPDQ VFKLVWRVRPLDVLV LQ

$PDJXQ]H 9LOODJH� HDVWHUQ 1LJHULD� -RXUQDO RI +HOPLQWKRORJ\� ��� �������

3DSHUQD� ,� ������� 6WXGLHV RQ WKH WUDQVPLVVLRQ RI VFKLVWRVRPLDVLV LQ *KDQD� ,9� 6FKLVWRVRPD

KDHPDWRELXP WUDQVPLVVVLRQ LQ WKH /RZHU 9ROWD %DVLQ� *KDQD 0HGLFDO -RXUQDO� �� ����

���

3DSHUQD� ,� ������� 6WXGLHV RQ WKH WUDQVPLVVLRQ RI VFKLVWRVRPLDVLV LQ *KDQD� 9�

7UDQVPLVVLRQ RI 6FKLVWRVRPD KDHPDWRELXP LQ WKH IRUHVW DQG VDYDQQDK ]RQHV RI 6RXWK

(DVW *KDQD� *KDQD 0HGLFDO -RXUQDO� �� ������

3HDUFH� (� -� DQG 0DF'RQDOG� $� 6� ������� 7KH LPPXQRELRORJ\ RI VFKLVWRVRPLDVLV� 1DWXUH

5HYLHZV ,PPXQRORJ\� �� ��������

3LFTXHW� 0�� (UQRXOG� -� &�� 9HUFUX\VVH� -�� 6RXWKJDWH� 9� 5�� 0ED\H� $�� 6DPERX� %�� 1LDQJ�

0� DQG 5ROOLQVRQ� '� ������� 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH

PHHWLQJ DW 0DQVRQ +RXVH� /RQGRQ� �� 0D\ ����� 7KH HSLGHPLRORJ\ RI KXPDQ

VFKLVWRVRPLDVLV LQ WKH 6HQHJDO ULYHU EDVLQ� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO
0HGLFLQH DQG +\JLHQH� ��� ������

3RJJHQVHH� *� DQG )HOGPHLHU� +� ������� )HPDOH JHQLWDO VFKLVWRVRPLDVLV� IDFWV DQG

K\SRWKHVHV� $FWD 7URSLFD� ��� ��������

3RJJHQVHH� *�� )HOGPHLHU� +� DQG .UDQW]� ,� ������� 6FKLVWRVRPLDVLV RI WKH IHPDOH JHQLWDO

WUDFW� 3XEOLF +HDOWK DVSHFWV� 3DUDVLWRORJ\ 7RGD\� ��� �������

3ROGHUPDQ� $� 0� DQG GH &DOXZH� 3� ������� (LJKW \HDUV RI WDUJHWHG PDVV WUHDWPHQW RI

6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ 0DQLHPD� =DLUH� 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ���

�������
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���

3UXDO� $�� 'DRXGD� +�� 'HYHORX[� 0�� 6HOOLQ� %�� *DODQ� 3� DQG +HUFEHUJ� 6� �������

&RQVHTXHQFHV RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ RQ WKH LURQ VWDWXV RI

VFKRROFKLOGUHQ LQ 1LJHU� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

5DSHU� $� %� ������� &HUHEUDO VFKLVWRVRPLDVLV� (DVW $IULFDQ 0HGLFDO -RXUQDO� ��� ������

5DVHQGUDPLQR� 0� +�� 5DMDRQD� +� 5�� 5DPDURNRWR� &� (�� 5DYDRDOLPDODOD� 9� (��

/HXWVFKHU� 3�� &RUGRQQLHU� '� DQG (VWHUUH� 3� ������� 3UHYDOHQFH GHV

UHWHQWLVVHPHQWV XUR�QHSKURORJLTXHV GH OD ELOKDU]LRVH XULQDLUH GDQV XQ IR\HU

K\SHUHQGHPLTXH GH 0DGDJDVFDU� 1HSKURORJLH� ��� ������

5HQJDQDWKDQ� (� DQG &LROL� '� ������� $Q LQWHUQDWLRQDO LQLWLDWLYH RQ SUD]LTXDQWHO XVH�

3DUDVLWRORJ\ 7RGD\� ��� ������

5HWKDQV� -� -� DQG YDQ %RYHQ� &� 3� ������� 6LPXODWHG SDWLHQWV LQ JHQHUDO SUDFWLFH� D

GLIIHUHQW ORRN DW WKH FRQVXOWDWLRQ� %ULWLVK 0HGLFDO -RXUQDO� ���� �������

5LFKDUGV� )� 2�� +DVVDQ� )�� &OLQH� %� /� DQG (O $ODP\� 0� $� ������� $Q HYDOXDWLRQ RI

TXDQWLWDWLYH WHFKQLTXHV IRU 6FKLVWRVRPD KDHPDWRELXP HJJV LQ XULQH SUHVHUYHG ZLWK

FDUEROIXFKVLQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

5LFKWHU� -�� &RUUHLD 'DFDO� $� 5�� 9HUJHWWL 6LTXHLUD� -� *�� 3RJJHQVHH� *�� 0DQQVPDQQ� 8��

'HHOGHU� $� DQG )HOGPHLHU� +� ������� 6RQRJUDSKLF SUHGLFWLRQ RI YDULFHDO EOHHGLQJ

LQ SDWLHQWV ZLWK OLYHU ILEURVLV GXH WR 6FKLVWRVRPD PDQVRQL� 7URSLFDO 0HGLFLQH DQG

,QWHUQDWLRQDO +HDOWK� �� �������

5LFKWHU� -�� +DW]� &�� &DPSDJQH� *�� %HUJTXLVW� 1� 5� DQG -HQNLQV� -� 0� ������� 8OWUDVRXQG

LQ VFKLVWRVRPLDVLV� $ SUDFWLFDO JXLGH WR WKH VWDQGDUGL]HG XVH RI XOWUDVRQRJUDSK\ IRU WKH DVVHVVPHQW

RI VFKLVWRVRPLDVLV UHODWHG PRUELG\� 6HFRQG ,QWHUQDWLRQDO :RUNVKRS� 2FWREHU ������

����� 1LDPH\� 1LJHU� SS� �����

5LSHUW� &�� /HXJXHXQ�1JRXJEHRX� -� DQG 6DPH�(NRER� $� ������� eWXGH pSLGpPLRORJLTXH

GH OD ELOKDU]LRVH HW GHV QpPDWRGRVHV LQWHVWLQDOV D %LDID �&DPHURXQ�� %XOOHWLQ GH OD

6RFLpWp GH 3DWKRORJLH ([RWRWLTXH )LOLDOHV� ��� ������

5XVVHOO� 1� .�� %RHNHORR� %� 2�� 5DIL� ,� =� DQG 5DELQ� '� /� ������� 8VLQJ XQDQQRXQFHG

VLPXODWHG SDWLHQWV WR HYDOXDWH VH[XDO ULVN DVVHVVPHQW DQG ULVN UHGXFWLRQ VNLOOV RI

SUDFWLFLQJ SK\VLFLDQV� $FDGHPLF 0HGLFLQH� ��� 6�����

6DUGD� 5� .� ������� )UHTXHQF\ RI KDHPDWXULD DQG SURWHLQXULD LQ UHODWLRQ WR SUHYDOHQFH DQG

LQWHQVLW\ RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ 'DU HV 6DODDP� 7DQ]DQLD� (DVW
$IULFDQ 0HGLFDO -RXUQDO� ��� ������

6DUGD� 5� .�� 0LQMDV� -� 1� DQG 0DKLNZDQR� /� )� �����D�� (YDOXDWLRQ RI LQGLUHFW VFUHHQLQJ

WHFKQLTXHV IRU WKH GHWHFWLRQ RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ DQ XUEDQ DUHD�

'DU HV 6DODDP� 7DQ]DQLD� $FWD 7URSLFD� ��� ������

6DUGD� 5� .�� 0LQMDV� -� 1� DQG 0DKLNZDQR� /� )� ������� )XUWKHU REVHUYDWLRQV RQ WKH XVH

RI JURVV KDHPDWXULD DV DQ LQGLUHFW VFUHHQLQJ WHFKQLTXH IRU WKH GHWHFWLRQ RI

6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ VFKRRO FKLOGUHQ LQ 'DU HV 6DODDP� 7DQ]DQLD�

-RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

6DUGD� 5� .�� 6LPRQVHQ� 3� (� DQG 0DKLNZDQR� /� )� �����E�� 8UEDQ WUDQVPLVVLRQ RI

XULQDU\ VFKLVWRVRPLDVLV LQ 'DU HV 6DODDP� 7DQ]DQLD� $FWD 7URSLFD� ��� �����

6DWR� .�� 6KLPDGD� 0�� 1RGD� 6�� 0XKRKR� 1� '�� .DWVXPDWD� 7�� 6DWR� $� DQG $RNL� <�

������� (IILFDF\ RI PHWULIRQDWH LQ D KLJKO\ HQGHPLF DUHD RI XULQDU\ VFKLVWRVRPLDVLV

LQ .HQ\D� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����
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6DYLROL� /�� +DW]� &�� 'L[RQ� +�� .LVXPNX� 8� 0� DQG 0RWW� .� (� ������� &RQWURO RI

PRUELGLW\ GXH WR 6FKLVWRVRPD KDHPDWRELXP RQ 3HPED ,VODQG� HJJ H[FUHWLRQ DQG

KHPDWXULD DV LQGLFDWRUV RI LQIHFWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�
��� �������

6DYLROL� /�� 5HQJDQDWKDQ� (�� 0RQWUHVRU� $�� 'DYLV� $� DQG %HKEHKDQL� .� ������� &RQWURO

RI VFKLVWRVRPLDVLV� D JOREDO SLFWXUH� 3DUDVLWRORJ\ 7RGD\� ��� ������

6FKZDUW]� '� $� ������� +HOPLQWKV LQ WKH LQGXFWLRQ RI FDQFHU� ,, 6FKLVWRVRPD KDHPDWRELXP
DQG EODGGHU FDQFHU� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� ����

6FKZDUW]� (�� 5R]HQPDQ� -� DQG 3HUHOPDQ� 0� ������� 3XOPRQDU\ PDQLIHVWDWLRQV RI HDUO\

VFKLVWRVRPH LQIHFWLRQ DPRQJ QRQLPPXQH WUDYHOHUV� $PHULFDQ -RXUQDO RI 0HGLFLQH�

���� �������

6FRWW� '�� 6HQNHU� .� DQG (QJODQG� (� &� ������� (SLGHPLRORJ\ RI KXPDQ 6FKLVWRVRPD

KDHPDWRELXP LQIHFWLRQ DURXQG 9ROWD /DNH� *KDQD� �������� %XOOHWLQ RI WKH :RUOG

+HDOWK 2UJDQL]DWLRQ� ��� �������

6HOOLQ� %�� 6LPRQNRYLFK� (�� 2YD]]D� /�� 6HOOLQ� (�� 'HVIRQWDLQH� 0� DQG 5H\� -��/� �������

9DOHXU GH O
H[DPHQ PDFURVFRSLTXH GHV XULQHV HW GHV EDQGHOHWWHV UpDFWLYHV SRXU OD

GpWHFWLRQ GH O
KpPDWXULH HW GH OD SURWpLQXULH GDQV OH GLDJQRVWLF GH PDVVH GH OD

VFKLVWRVRPLDVH XULQDLUH� DYDQW HW DSUqV WUDLWHPHQW� 0pGHFLQH 7URSLFDOH� ��� ������

6HULH\H� -�� %RLVLHU� 3�� 5DYDRDOLPDODOD� 9� (�� 5DPDURNRWR� &� (�� /HXWVFKHU� 3�� (VWHUUH� 3�

DQG 5RX[� -� ������� 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ ZHVWHUQ 0DGDJDVFDU�

PRUELGLW\ GHWHUPLQHG E\ XOWUDVRQRJUDSK\� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� ��������

6HXEHUW� -�� 3RKONH� 5� DQG /RHELFK� )� ������� 6\QWKHVLV DQG SURSHUWLHV RI SUD]LTXDQWHO� D

QRYHO EURDG VSHFWUXP DQWKHOPLQWLF ZLWK H[FHOOHQW DFWLYLW\ DJDLQVW VFKLVWRVRPHV DQG

FHVWRGHV� ([SHULHQWLD� ��� �������

6PLWK� '� +�� :DUUHQ� .� 6� DQG 0DKPRXG� $� $� ������� 0RUELGLW\ LQ VFKLVWRVRPLDVLV

PDQVRQL LQ UHODWLRQ WR LQWHQVLW\ RI LQIHFWLRQ� VWXG\ RI D FRPPXQLW\ LQ .LVXPX�

.HQ\D� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

6WDGHFNHU� 0� -� ������� 7KH GHYHORSPHQW RI JUDQXORPDV LQ VFKLVWRVRPLDVLV� JHQHWLF

EDFNJURXQGV� UHJXODWRU\ SDWKZD\V� DQG VSHFLILF HJJ DQWLJHQ UHVSRQVHV WKDW

LQIOXHQFH WKH PDJQLWXGH RI GLVHDVH� 0LFUREHV DQG ,QIHFWLRQ� �� �������

6WHOPD� )� )�� 7DOOD� ,�� 3ROPDQ� .�� 1LDQJ� 0�� 6WXUURFN� 5� )�� 'HHOGHU� $� 0� DQG

*U\VHHOV� %� ������� (SLGHPLRORJ\ RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ D UHFHQWO\

H[SRVHG FRPPXQLW\ LQ QRUWKHUQ 6HQHJDO� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG

+\JLHQH� ��� ������

6WHOPD� )� )�� 7DOOD� ,�� 6RZ� 6�� .RQJV� $�� 1LDQJ� 0�� 3ROPDQ� .�� 'HHOGHU� $� 0� DQG

*U\VHHOV� %� ������� (IILFDF\ DQG VLGH HIIHFWV RI SUD]LTXDQWHO LQ DQ HSLGHPLF IRFXV

RI 6FKLVWRVRPD PDQVRQL� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

6WHOPD� )� )�� 7DOOD� ,�� 9HUOH� 3�� 1LDQJ� 0� DQG *U\VHHOV� %� ������� 0RUELGLW\ GXH WR KHDY\

6FKLVWRVRPD PDQVRQL LQIHFWLRQV LQ D UHFHQWO\ HVWDEOLVKHG IRFXV LQ QRUWKHUQ 6HQHJDO�

$PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

6WHOPD� )� )�� Y�G� :HUI� 0�� 7DOOD� ,�� 1LDQJ� 0� DQG *U\VHHOV� %� ������� )RXU \HDUV


IROORZ�XS RI KHSDWRVSOHQLF PRUELGLW\ LQ D UHFHQWO\ HPHUJHG IRFXV RI 6FKLVWRVRPD
PDQVRQL LQ QRUWKHUQ 6HQHJDO� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG

+\JLHQH� ��� ������
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6WHSKHQVRQ� /� ������� 7KH LPSDFW RI VFKLVWRVRPLDVLV RQ KXPDQ QXWULWLRQ� 3DUDVLWRORJ\� ����

6�������

6WHSKHQVRQ� /� 6�� /DWKDP� 0� &�� .LQRWL� 6� 1� DQG 2GXRUL� 0� /� ������� 6HQVLWLYLW\ DQG

VSHFLILFLW\ RI UHDJHQW VWULSV LQ VFUHHQLQJ RI .HQ\DQ FKLOGUHQ IRU 6FKLVWRVRPD

KDHPDWRELXP LQIHFWLRQ� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

6WHSKHQVRQ� /� 6�� /DWKDP� 0� &�� .XU]� .� 0�� 0LOOHU� '�� .LQRWL� 6� 1� DQG 2GXRUL� 0� /�

������� 8ULQDU\ LURQ ORVV DQG SK\VLFDO ILWQHVV RI .HQ\DQ FKLOGUHQ ZLWK XULQDU\

VFKLVWRVRPLDVLV� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

6WULFNODQG� *� 7�� 0HUULWW� :�� (O�6DKO\� $� DQG $EGHO�:DKDE� )� ������� &OLQLFDO

FKDUDFWHULVWLFV DQG UHVSRQVH WR WKHUDS\ LQ (J\SWLDQ FKLOGUHQ KHDYLO\ LQIHFWHG ZLWK

6FKLVWRVRPD PDQVRQL� -RXUQDO RI ,QIHFWLRXV 'LVHDVHV� ���� �����

6WXLYHU� 3� &� ������� $FXWH VFKLVWRVRPLDVLV �.DWD\DPD IHYHU�� %ULWLVK 0HGLFDO -RXUQDO� ����

������

6XEUDPDQLDQ� $� .�� 0XQJDL� 3�� 2XPD� -� +�� 0DJDN� 3�� .LQJ� &� +�� 0DKPRXG� $� $�

DQG .LQJ� &� /� ������� /RQJ�WHUP VXSSUHVVLRQ RI DGXOW EODGGHU PRUELGLW\ DQG

VHYHUH K\GURQHSKURVLV IROORZLQJ VHOHFWLYH SRSXODWLRQ FKHPRWKHUDS\ IRU 6FKLVWRVRPD

KDHPDWRELXP� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �������

6XFKHW� ,�� .OHLQ� &�� +RUZLW]� 7�� /DOOD� 6� DQG 'RRGKD� 0� ������� 6SLQDO FRUG

VFKLVWRVRPLDVLV� D FDVH UHSRUW DQG UHYLHZ RI WKH OLWHUDWXUH� 3DUDSOHJLD� ��� ������

6XNZD� 7� <�� %XOVDUD� 0� .� DQG :XUDSD� )� .� ������� 7KH UHODWLRQVKLS EHWZHHQ

PRUELGLW\ DQG LQWHQVLW\ RI 6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ D UXUDO =DPELDQ

FRPPXQLW\� ,QWHUQDWLRQDO -RXUQDO RI (SLGHPLRORJ\� ��� �������

6XNZD� 7� <�� %XOVDUD� 0� .� DQG :XUDSD� )� .� ������� 5HGXFWLRQ LQ SUHYDOHQFH� LQWHQVLW\

RI LQIHFWLRQ DQG PRUELGLW\ GXH WR 6FKLVWRVRPD PDQVRQL LQIHFWLRQ LQ D FRPPXQLW\

IROORZLQJ WUHDWPHQW ZLWK SUD]LTXDQWHO� -RXUQDO RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ���

�������

7DOOD� ,�� .RQJV� $� DQG 9HUOH� 3� ������� 3UHOLPLQDU\ VWXG\ RI WKH SUHYDOHQFH RI KXPDQ

VFKLVWRVRPLDVLV LQ 5LFKDUG�7ROO �WKH 6HQHJDO ULYHU EDVLQ�� 7UDQVDFWLRQV RI WKH 5R\DO

6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ����

7DOOD� ,�� .RQJV� $�� 9HUOH� 3�� %HORW� -�� 6DUU� 6� DQG &ROO� $� 0� ������� 2XWEUHDN RI

LQWHVWLQDO VFKLVWRVRPLDVLV LQ WKH 6HQHJDO 5LYHU %DVLQ� $QQDOHV GH OD 6RFLpWp GH %HOJH GH
0pGHFLQH 7URSLFDOH� ��� �������

7DPEO\Q� 5� 0�� $EUDKDPRZLF]� 0�� %HUNVRQ� /�� 'DXSKLQHH� :� '�� *D\WRQ� '� &�� *UDG�

5� 0�� ,VDDF� /� 0�� 0DUUDFKH� 0�� 0F/HRG� 3� -� DQG 6QHOO� /� 6� ������� )LUVW�YLVLW

ELDV LQ WKH PHDVXUHPHQW RI FOLQLFDO FRPSHWHQFH ZLWK VWDQGDUGL]HG SDWLHQWV�

$FDGHPLF 0HGLFLQH� ��� 6�����

7DQQHU� 0�� +RO]HU� %�� 0DUWL� +� 3�� 6DODGLQ� %� DQG 'HJUHPRQW� $� $� ������� )UHTXHQF\

RI KDHPDWXULD DQG SURWHLQXULD DPRQJ 6FKLVWRVRPD KDHPDWRELXP LQIHFWHG FKLOGUHQ RI

WZR FRPPXQLWLHV IURP /LEHULD DQG 7DQ]DQLD� $FWD 7URSLFD� ��� ������

7D\ORU� 3�� &KDQGLZDQD� 6� .�� *RYHUH� -� 0� DQG &KRPER� )� ������� .QRZOHGJH DWWLWXGHV

DQG SUDFWLFHV LQ UHODWLRQ WR VFKLVWRVRPLDVLV LQ D UXUDO FRPPXQLW\� 6RFLDO 6FLHQFH DQG

0HGLFLQH� ��� �������

7D\ORU� 3�� &KDQGLZDQD� 6� .� DQG 0DWDQKLUH� '� ������� (YDOXDWLRQ RI WKH UHDJHQW VWULS

WHVW IRU KDHPDWXULD LQ WKH FRQWURO RI 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ

VFKRROFKLOGUHQ� $FWD 7URSLFD� ��� �������
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7KRPDV� -� (�� %DVVHWW� 0� 7�� 6LJROD� /� %� DQG 7D\ORU� 3� ������� 5HODWLRQVKLS EHWZHHQ

EODGGHU FDQFHU LQFLGHQFH� 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ� DQG JHRJUDSKLFDO UHJLRQ

LQ =LPEDEZH� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

7UDRUp� 0� ������� 6FKLVWRVRPLDVLV LQ WKH 6HOLQJXH GDP DUHD� WKH LQWHJUDWHG DSSURDFK�

7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

7UDRUp� 0� ������� 7KH VWXG\ RI WKH HSLGHPLRORJ\ RI VFKLVWRVRPLDVLV LQ 0DOL WRZDUG D UDWLRQDOO\�EDVHG

QDWLRQDO FRQWURO SURJUDPPH� 7KHVLV� 8QLYHUVLW\ RI /RQGRQ� 8QLWHG .LQJGRP�

7UDRUp� 0� ������� 5HTXLUHPHQWV IRU VXVWDLQDEOH VFKLVWRVRPLDVLV FRQWURO� :RUOG +HDOWK

)RUXP� ��� ������

7UDRUp� 0�� 0DXGH� *� +� DQG %UDGOH\� '� -� �����D�� 6FKLVWRVRPLDVLV KDHPDWRELD LQ 0DOL�

SUHYDOHQFH UDWH LQ VFKRRO�DJH FKLOGUHQ DV LQGH[ RI HQGHPLFLW\ LQ WKH FRPPXQLW\�

7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO +HDOWK� �� �������

7UDRUp� 0�� 7UDRUp� +� $�� .DUGRUII� 5�� 'LDUUD� $�� /DQGRXUp� $�� 9HVWHU� 8�� 'RHKULQJ� (�

DQG %UDGOH\� '� -� �����E�� 7KH SXEOLF KHDOWK VLJQLILFDQFH RI XULQDU\ VFKLVWRVRPLDVLV

DV D FDXVH RI PRUELGLW\ LQ WZR GLVWULFWV LQ 0DOL� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH
DQG +\JLHQH� ��� �������

7UDTXLQKR� *� $�� 4XLQWR� /�� 1DOD� 5� 0�� *DPD 9D]� 5� DQG &RUDFKDQ� 0� �������

6FKLVWRVRPLDVLV LQ 1RUWKHUQ 0R]DPELTXH� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� �������

7VKLNXND� -� *�� 6FRWW� 0� (�� *UD\ 'RQDOG� .� DQG .DOXPED� 2� 1� ������� 0XOWLSOH

LQIHFWLRQ ZLWK 3ODVPRGLXP DQG KHOPLQWKV LQ FRPPXQLWLHV RI ORZ DQG UHODWLYHO\

KLJK VRFLR�HFRQRPLF VWDWXV� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� ��������

7ZXPDVL� 3� $� DQG %RQVL� 6� .� ������� 'HYHORSLQJ D KHDOWK FDUH V\VWHP LQ *KDQD� -RXUQDO
RI WKH 1DWLRQDO 0HGLFDO $VVRFLDWLRQ� ��� �������

8VHK� 0� )� DQG (MH]LH� *� &� ������� 0RGLILFDWLRQ RI EHKDYLRXU DQG DWWLWXGH LQ WKH FRQWURO

RI VFKLVWRVRPLDVLV� �� 2EVHUYDWLRQV RQ ZDWHU�FRQWDFW SDWWHUQV DQG SHUFHSWLRQ RI

LQIHFWLRQ� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� �������

8VWXQ� 7� %�� 6D[HQD� 6�� 5HKP� -� DQG %LFNHQEDFK� -� ������� $UH GLVDELOLW\ ZHLJKWV

XQLYHUVDO" :+2�1,+ -RLQW 3URMHFW &$5 6WXG\ *URXS� 7KH /DQFHW� ���� �����

8W]LQJHU� -�� %RRWK� 0�� 1
*RUDQ� (� .�� 0XOOHU� ,�� 7DQQHU� 0� DQG /HQJHOHU� &� �������

5HODWLYH FRQWULEXWLRQ RI GD\�WR�GD\ DQG LQWUD�VSHFLPHQ YDULDWLRQ LQ IDHFDO HJJ

FRXQWV RI 6FKLVWRVRPD PDQVRQL EHIRUH DQG DIWHU WUHDWPHQW ZLWK SUD]LTXDQWHO�

3DUDVLWRORJ\� ���� �������

8W]LQJHU� -�� 1
*RUDQ� (� .�� 2VVH\� <� $�� %RRWK� 0�� 7UDRUH� 0�� /RKRXULJQRQ� .� /��

$OODQJED� $�� $KLED� /� $�� 7DQQHU� 0� DQG /HQJHOHU� &� ������� 5DSLG VFUHHQLQJ IRU

6FKLVWRVRPD PDQVRQL LQ ZHVWHUQ &RWH G
,YRLUH XVLQJ D VLPSOH VFKRRO TXHVWLRQQDLUH�

%XOOHWLQ RI WKH :RUOG +HDOWK 2UJDQL]DWLRQ� ��� �������

9DQ GHU :HUI� 0� -�� %RVRPSHP� .� 0� DQG 'H 9ODV� 6� -� �LQ SUHVV�D�� 6FKLVWRVRPLDVLV

FRQWURO LQ *KDQD� &DVH PDQDJHPHQW DQG PHDQV IRU GLDJQRVLV DQG WUHDWPHQW ZLWK

WKH KHDOWK V\VWHP� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH�

9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� %URRNHU� 6�� /RRPDQ� &� :� 1�� 1DJHONHUNH� 1� -� '��

+DEEHPD� -� '� )� DQG (QJHOV� '� �LQ SUHVV�E�� 4XDQWLILFDWLRQ RI FOLQLFDO PRUELGLW\

DVVRFLDWHG ZLWK VFKLVWRVRPH LQIHFWLRQ LQ VXE�6DKDUDQ $IULFD� $FWD 7URSLFD�
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9DQ GHU :HUI� 0� -�� %RUERRP� *� -� -� 0� DQG 'H 9ODV� 6� -� �LQ SUHVV�F�� 1R HIIHFW RI

UHFDOO SHULRG OHQJWK RQ SUHYDOHQFH RI VHOI�UHSRUWHG KDHPDWXULD LQ 6FKLVWRVRPD

KDHPDWRELXP HQGHPLF DUHDV� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG
+\JLHQH�

9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� /RRPDQ� &� :� 1�� (QJHOV� '� DQG +DEEHPD� -� '� )�

�VXEPLWWHG�� 'LDJQRVLV RI HDUO\ FOLQLFDO FRQVHTXHQFHV RI 6FKLVWRVRPD KDHPDWRELXP

LQIHFWLRQ� D QRYHO DSSURDFK WR FRPSDUH WKH SHUIRUPDQFH RI XOWUDVRXQG DQG WKUHH

PHWKRGV IRU KDHPDWXULD GHWHFWLRQ�

9DQ GHU :HUI� 0� -�� 'H 9ODV� 6� -�� /RRPDQ� &� :� 1�� 1DJHONHUNH� 1� -� '�� +DEEHPD� -�

'� )� DQG (QJHOV� '� �����D�� $VVRFLDWLQJ FRPPXQLW\ SUHYDOHQFH RI 6FKLVWRVRPD

PDQVRQL LQIHFWLRQ ZLWK SUHYDOHQFH RI VLJQV DQG V\PSWRPV� $FWD 7URSLFD� ��� �������

9DQ GHU :HUI� 0� -�� 0ED\H� $�� 6RZ� 6�� *U\VHHOV� %� DQG 'H 9ODV� 6� -� �����E��

(YDOXDWLRQ RI VWDII SHUIRUPDQFH DQG PDWHULDO UHVRXUFHV IRU LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO LQ 1RUWKHUQ 6HQHJDO� 7URSLFDO 0HGLFLQH DQG ,QWHUQDWLRQDO

+HDOWK� �� �����

9HUFUX\VVH� -�� 6RXWKJDWH� 9� 5� DQG 5ROOLQVRQ� '� ������� 7KH HSLGHPLRORJ\ RI KXPDQ DQG

DQLPDO VFKLVWRVRPLDVLV LQ WKH 6HQHJDO 5LYHU %DVLQ� $FWD 7URSLFD� ��� �������

9HUFUX\VVH� -�� 6RXWKJDWH� 9� 5�� 5ROOLQVRQ� '�� 'H &OHUFT� '�� 6DFNR� 0�� 'H %RQW� -� DQG

0XQJRPED� /� 0� ������� 6WXGLHV RQ WUDQVPLVVLRQ DQG VFKLVWRVRPH LQWHUDFWLRQV LQ

6HQHJDO� 0DOL DQG =DPELD� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� ������

9HUOp� 3�� 6WHOPD� )�� 'HVUHXPDX[� 3�� 'LHQJ� $�� 'LDZ� 2�� .RQJV� $�� 1LDQJ� 0�� 6RZ� 6��

7DOOD� ,�� 6WXUURFN� 5� )� DQG HW DO� ������� 3UHOLPLQDU\ VWXG\ RI XULQDU\

VFKLVWRVRPLDVLV LQ D YLOODJH LQ WKH GHOWD RI WKH 6HQHJDO ULYHU EDVLQ� 6HQHJDO�

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

9HVWHU� 8�� .DUGRUII� 5�� 7UDRUH� 0�� 7UDRUH� +� $�� )RQJRUR� 6�� -XFKHP� &�� )UDQNH� '��

.RUWH� 5�� *U\VHHOV� %�� (KULFK� -� +� +� DQG 'RHKULQJ� (� ������� 8ULQDU\ WUDFW

PRUELGLW\ GXH WR 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LQ 0DOL� .LGQH\ ,QWHUQDWLRQDO� ���
�������

9LVVHU� /� *�� 3ROGHUPDQ� $� 0� DQG 6WXLYHU� 3� &� ������� 2XWEUHDN RI VFKLVWRVRPLDVLV

DPRQJ WUDYHOHUV UHWXUQLQJ IURP 0DOL� :HVW $IULFD� &OLQLFDO ,QIHFWLRXV 'LVHDVHV� ��� ����

��

9RHWHQ� +� $�� 2WLGR� -� 0�� 2
+DUD� +� %�� .XSHUXV� $� *�� %RUVERRP� *� -�� 1GLQ\D�

$FKROD� -� 2�� %ZD\R� -� -� DQG +DEEHPD� -� '� ������� 4XDOLW\ RI VH[XDOO\

WUDQVPLWWHG GLVHDVH FDVH PDQDJHPHQW LQ 1DLUREL� .HQ\D� D FRPSDULVRQ DPRQJ

GLIIHUHQW W\SHV RI KHDOWKFDUH IDFLOLWLHV� 6H[XDO 7UDQVPLWWHG 'LVHDVHV� ��� �������

:DGGLQJWRQ� &� -� DQG (Q\LPD\HZ� .� $� ������� $ SULFH WR SD\� 7KH LPSDFW RI XVHU

FKDUJHV LQ $VKDQWL�$NLP GLVWULFW� *KDQD� ,QWHUQDWLRQDO -RXUQDO RI +HDOWK 3ODQQLQJ DQG

0DQDJHPHQW� �� ������

:DJDWVXPD� <�� $U\HHWH\� 0� (�� 6DFN� '� $�� 0RUURZ� 5� +�� +DW]� &� DQG .RMLPD� 6�

������� 5HVROXWLRQ DQG UHVXUJHQFH RI 6FKLVWRVRPD KDHPDWRELXP�LQGXFHG SDWKRORJ\

DIWHU FRPPXQLW\�EDVHG FKHPRWKHUDS\ LQ JKDQD� DV GHWHFWHG E\ XOWUDVRXQG� -RXUQDO RI

,QIHFWLRXV 'LVHDVHV� ���� ��������

:DPDH� &� 1� DQG /DPPLH� 3� -� ������� +DHPDWXULD LQ FRDVWDO .HQ\D LV DVVRFLDWHG ZLWK

6FKLVWRVRPD KDHPDWRELXP EXW QRW :XFKHUHULD EDQFURIWL LQIHFWLRQ� 7UDQVDFWLRQV RI WKH

5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� �����
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:DUUHQ� .� 6� ������� +HSDWRVSOHQLF VFKLVWRVRPLDVLV PDQVRQL� DQ LPPXQRORJLF GLVHDVH�

%XOOHWLQ RI WKH 1HZ <RUN $FDGHP\ RI 0HGHFLQH� ��� ��������

:DUUHQ� .� 6� ������� 7KH SDWKRORJ\� SDWKRELRORJ\ DQG SDWKRJHQHVLV RI VFKLVWRVRPLDVLV�

1DWXUH� ���� �������

:DUUHQ� .� 6�� 0DKPRXG� $� $�� 0XUXND� -� )�� :KLWWDNHU� /� 5�� 2XPD� -� +� DQG $UDS

6LRQJRN� 7� .� ������� 6FKLVWRVRPLDVLV KDHPDWRELD LQ FRDVW SURYLQFH .HQ\D�

5HODWLRQVKLS EHWZHHQ HJJ RXWSXW DQG PRUELGLW\� $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH
DQG +\JLHQH� ��� �������

:HEEH� *� ������� 6FKLVWRVRPLDVLV� VRPH DGYDQFHV� %ULWLVK 0HGLFDO -RXUQDO� ���� �������

:HQ� 6� 7� DQG &KX� .� <� ������� 3UHOLPLQDU\ VFKLVWRVRPLDVLV VXUYH\ LQ WKH ORZHU 9ROWD

5LYHU EHORZ $NRVRPER 'DP� *KDQD� $QQDOV RI 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\�
��� �������

:HUOHU� &� ������� (IILFLHQF\ RI IRFDO PROOXVFLFLGH WUHDWPHQW DJDLQVW VFKLVWRVRPLDVLV

UHLQIHFWLRQ LQ DQ LUULJDWLRQ VFKHPH DQG LQ D VPDOO GDPV DUHD LQ 0DOL� 3UHOLPLQDU\

FRPPXQLFDWLRQ� 7URSLFDO 0HGLFLQH DQG 3DUDVLWRORJ\� ��� ������

:+2 ������� 5HSRUW RQ WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 3ULPDU\ +HDOWK &DUH� $OPD $WD�

8665� ���� 6HSWHPEHU� 'HFODUDWLRQ RI $OPD $WD�:+2� *HQHYD�

:+2 ������� 7KH FRQWURO RI VFKLVWRVRPLDVLV� *HQHYD� :RUOG +HDOWK 2UJDQL]DWLRQ� 7HFKQLFDO

5HSRUW 6HULHV� 1R� ����

:+2 ������� 7KH FRQWURO RI VFKLVWRVRPLDVLV� *HQHYD� :RUOG +HDOWK 2UJDQL]DWLRQ� 7HFKQLFDO

5HSRUW 6HULHV� 1R� ����

:+2 ������� )LUVW UHSRUW RI MRLQW :+2 ([SHUW &RPPLWWHHV RQ WKH 3UHYHQWLRQ DQG &RQWURO RI

6FKLVWRVRPLDVLV DQG 6RLO�WUDQVPLWWHG +HOPLQWKLDVLV� *HQHYD� :RUOG +HDOWK 2UJDQL]DWLRQ�
7HFKQLFDO 5HSRUW 6HULHV� 1R� ����

:LONLQV� +� $�� *ROO� 3�� 0DUVKDOO� 7� )� DQG 0RRUH� 3� ������� 7KH VLJQLILFDQFH RI

SURWHLQXULD DQG KDHPDWXULD LQ 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ� 7UDQVDFWLRQV RI WKH

5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH� ��� ������

:LONLQV� +� $�� *ROO� 3� +� DQG 0RRUH� 3� -� ������� 6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ DQG

KDHPRJORELQ FRQFHQWUDWLRQV LQ D *DPELDQ FRPPXQLW\� $QQDOV RI 7URSLFDO 0HGLFLQH

DQG 3DUDVLWRORJ\� ��� �������

:LOOLDPV� $� ������� &DOFXODWLQJ WKH *OREDO %XUGHQ RI 'LVHDVH� 7LPH IRU D VWUDWHJLF

UHDSSUDLVDO" +HDOWK (FRQRPLFV� �� ����

:LVHOND� 0� -�� 5RELQVRQ� 0� %�� &OLSVKDP� .� DQG :HGGRQ� 6� ������� 7KH HSLGHPLRORJ\

RI VFKLVWRVRPLDVLV LQ FHQWUDO 0DODZL� (DVW $IULFDQ 0HGLFDO -RXUQDO� ��� ������

:ROPDUDQV� &� 7�� GH .RFN� .� 1�� 6WUDXVV� +� '� DQG %RUQPDQ� 0� ������� 'DLO\

HPHUJHQFH RI 6FKLVWRVRPD PDQVRQL DQG 6� KDHPDWRELXP FHUFDULDH IURP QDWXUDOO\

LQIHFWHG VQDLOV XQGHU ILHOG FRQGLWLRQV� -RXUQDO RI +HOPLQWKRORJ\� ��� ������

:RRG� 0� *�� 6URORYLW]� +� DQG 6FKHWPDQ� '� ������� 6FKLVWRVRPLDVLV� 3DUDSOHJLD DQG

HFWRSLF VNLQ OHVLRQV DV DGPLVVLRQ V\PSWRPV� $UFKLYHV RI 'HUPDWRORJ\� ���� ������

:RRGZDUG� &� $�� 0F&RQYH\� *� $�� 1HXIHOG� 9�� 1RUPDQ� *� 5� DQG :DOVK� $� �������

0HDVXUHPHQW RI SK\VLFLDQ SHUIRUPDQFH E\ VWDQGDUGL]HG SDWLHQWV� 5HILQLQJ

WHFKQLTXHV IRU XQGHWHFWHG HQWU\ LQ SK\VLFLDQV
 RIILFHV� 0HGLFDO &DUH� ��� ��������

<D]GDQSDQDK� <�� 7KRPDV� $� .�� .DUGRUII� 5�� 7DOOD� ,�� 6RZ� 6�� 1LDQJ� 0�� 6WHOPD� )� )��

'HFDP� &�� 5RJHULH� )�� *U\VHHOV� %�� &DSURQ� $� DQG 'RHKULQJ� (� �������
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2UJDQRPHWULF LQYHVWLJDWLRQV RI WKH VSOHHQ DQG OLYHU E\ XOWUDVRXQG LQ 6FKLVWRVRPD

PDQVRQL HQGHPLF DQG QRQHQGHPLF YLOODJHV LQ 6HQHJDO� $PHULFDQ -RXUQDO RI 7URSLFDO

0HGLFLQH DQG +\JLHQH� ��� ������

<HERDK� 7� ������� ,PSURYLQJ WKH SURYLVLRQ RI WUDGLWLRQDO KHDOWK NQRZOHGJH IRU UXUDO

FRPPXQLWLHV LQ *KDQD� +HDOWK /LEUDULHV 5HYLHZ� ��� ������

=LMOPDQV� &� :�� GH *URRW� $� 1�� 'ROPDQV� :� 0� DQG 9HUKDYH� -� 3� �������

%ODDVVFKLVWRVRPLDVLV ELM VFKRRONLQGHUHQ� NHX]H�RQGHU]RHN LQ KHW .HWX� GLVWULFW�

*KDQD� 1HGHUODQGV 7LMGVFKULIW YRRU *HQHHVNXQGH� ���� �������

=XLGHPD� 3� -� ������� 7KH .DWD\DPD V\QGURPH� DQ RXWEUHDN LQ 'XWFK WRXULVWV WR WKH 2PR

1DWLRQDO 3DUN� (WKLRSLD� 7URSLFDO DQG *HRJUDSKLFDO 0HGLFLQH� ��� �����



�



���

����
	�

6FKLVWRVRPLDVLV LV RQH RI WKH PRVW SUHYDOHQW SDUDVLWLF LQIHFWLRQV DQG DQ LPSRUWDQW SXEOLF

KHDOWK SUREOHP LQ PDQ\ GHYHORSLQJ FRXQWULHV� 7KH PDLQ HDUO\ V\PSWRP RI

6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ LV EORRG LQ XULQH �KDHPDWXULD� DQG 6� PDQVRQL LQIHFWLRQ

FDXVHV EORRG\ GLDUUKRHD� 7KH V\PSWRPV DUH FDXVHG E\ HJJV WKDW JHW WUDSSHG ZKLOH

PLJUDWLQJ IURP WKH EORRG YHVVHOV RI WKH XULQDU\ RU LQWHVWLQDO WUDFW WKURXJK WKH ZDOO RI WKH

EODGGHU RU LQWHVWLQHV� $IWHU SURORQJHG LQIHFWLRQ� VHYHUH SDWKRORJLFDO FKDQJHV PD\ GHYHORS

VXFK DV K\GUR�XUHWHU DQG K\GURQHSKURVLV LQ LQGLYLGXDOV LQIHFWHG ZLWK 6� KDHPDWRELXP DQG

DVFLWLV DQG KDHPDWHPHVLV LQ LQGLYLGXDOV LQIHFWHG ZLWK 6� PDQVRQL� &XUUHQW HVWLPDWHV RI WKH

QXPEHU RI LQGLYLGXDOV ZLWK V\PSWRPV DQG WKH EXUGHQ RI GLVHDVH GXH WR VFKLVWRVRPH

LQIHFWLRQ ODFN GHWDLO DQG SUHFLVLRQ DQG DUH FRQVLGHUHG WR EH WRR ORZ� 7KHUHIRUH� ZH DLPHG

DW GHWHUPLQLQJ PRUH DFFXUDWH HVWLPDWHV XVLQJ GDWD IURP SXEOLVKHG ILHOG VWXGLHV LQ 3DUW , RI

WKLV WKHVLV�

,Q &KDSWHU �� ZH GHYHORSHG D PHWKRG WR DVVRFLDWH SUHYDOHQFH RI VFKLVWRVRPH LQIHFWLRQ

ZLWK SUHYDOHQFH RI PRUELGLW\ LQ D SRSXODWLRQ� ,Q WKLV FKDSWHU� ZH VKRZHG WKH UHVXOWLQJ

DVVRFLDWLRQV IRU PRUELGLW\ GXH WR 6� PDQVRQL LQIHFWLRQ� 7KH DVVRFLDWLRQV VXJJHVWHG WKDW

GLDUUKRHD DQG EORRG LQ VWRRO GXH WR 6� PDQVRQL LQIHFWLRQ PDLQO\ RFFXUV LQ FRPPXQLWLHV ZLWK

WKH KLJKHVW SUHYDOHQFH RI LQIHFWLRQ �!����� :KHUHDV DQ LQIOXHQFH RQ KHSDWRVSOHQLF

PRUELGLW\ ZDV DOUHDG\ SUHVHQW DW ORZ FRPPXQLW\ SUHYDOHQFH RI LQIHFWLRQ� )RU WKH DVSHFLILF

V\PSWRP DEGRPLQDO SDLQ ZH FRXOG QRW ILQG DQ DVVRFLDWLRQ� 7KH GDWD GLG QRW LQGLFDWH

GLIIHUHQW DVVRFLDWLRQV IRU VFKRROV DQG FRPPXQLWLHV� 6LPLODU DVVRFLDWLRQV GHULYHG IRU 6�

KDHPDWRELXP LQIHFWLRQ DQG EODGGHU SDWKRORJ\ �E\ XOWUDVRXQG� DQG KDHPDWXULD �E\ UHDJHQW

VWULSV� TXHVWLRQQDLUHV RU LQVSHFWLRQ RI D XULQH VDPSOH� ZHUH WKH VXEMHFW RI &KDSWHU �� $OO

IRXU PHWKRGV WR GHWHFW HDUO\ SDWKRORJ\ DQG PRUELGLW\ VKRZHG D FOHDU DVVRFLDWLRQ ZLWK

SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ� $OVR� DV H[SHFWHG� SUHYDOHQFH RI PLFUR�KDHPDWXULD

E\ UHDJHQW VWULS ZDV KLJKHU WKDQ WKDW RI PDFUR�KDHPDWXULD E\ TXHVWLRQQDLUH� ZKLFK ZDV

DJDLQ KLJKHU WKDQ PDFUR�KDHPDWXULD E\ LQVSHFWLRQ� 6WXG\ VHWWLQJ �VFKRRO RU FRPPXQLW\

VXUYH\� KDG D FOHDU LPSDFW RQ EODGGHU ZDOO SDWKRORJ\� EXW QRW RQ KDHPDWXULD� 7KLV LPSOLHV

WKDW XOWUDVRXQG JLYHV OHVV RIWHQ D SRVLWLYH RXWFRPH LQ DGXOWV FRPSDUHG WR FKLOGUHQ ZLWK WKH

VDPH OHYHO RI EODGGHU SDWKRORJ\� ,Q &KDSWHU �� ZH VKRZHG WKDW WKH UHFDOO SHULRG OHQJWK

XVHG LQ WKH TXHVWLRQQDLUHV PHDVXULQJ VHOI�UHSRUWHG KDHPDWXULD KDG QR HIIHFW RQ WKH

DVVRFLDWLRQ RI SUHYDOHQFH RI 6� KDHPDWRELXP LQIHFWLRQ ZLWK KDHPDWXULD� )LQDOO\� LQ &KDSWHU

�� ZH XVHG WKH DVVRFLDWLRQV EHWZHHQ SUHYDOHQFH RI VFKLVWRVRPH LQIHFWLRQ DQG PRUELGLW\ WR

HVWLPDWH WKH QXPEHU RI LQGLYLGXDOV ZLWK VFKLVWRVRPLDVLV UHODWHG PRUELGLW\ LQ $IULFD� ,Q

WRWDO� �� PLOOLRQ LQGLYLGXDOV ZHUH HVWLPDWHG WR H[SHULHQFH KDHPDWXULD� �� PLOOLRQ G\VXULD�

�� PLOOLRQ PDMRU EODGGHU ZDOO SDWKRORJ\ DQG �� PLOOLRQ PDMRU K\GURQHSKURVLV DVVRFLDWHG

ZLWK 6� KDHPDWRELXP LQIHFWLRQ� ,QIHFWLRQ ZLWK 6� PDQVRQL ZDV HVWLPDWHG WR FDXVH GLDUUKRHD LQ
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���� PLOOLRQ LQGLYLGXDOV� EORRG LQ VWRRO LQ ��� PLOOLRQ DQG KHSDWRPHJDO\ LQ ��� PLOOLRQ� ,Q

&KDSWHU ���� ZH FDOFXODWHG '$/<V ORVW GXH WR VFKLVWRVRPLDVLV XVLQJ WKH HVWLPDWHG

QXPEHU RI LQGLYLGXDOV ZLWK PRUELGLW\ DQG GHDWK GXH WR VFKLVWRVRPLDVLV� :H PDGH WKH

FRQVHUYDWLYH DVVXPSWLRQ WKDW DOO VHYHUH V\PSWRPV DUH SUHVHQW LQ WKRVH LQGLYLGXDOV ZLWK

PLOGHU V\PSWRPV� $OVR� V\PSWRPV DERXW ZKLFK QR TXDQWLWDWLYH LQIRUPDWLRQ ZDV DYDLODEOH

�H�J� VXEWOH PRUELGLW\� ZHUH QRW LQFOXGHG LQ RXU FDOFXODWLRQV� ,Q VSLWH RI WKLV� ZH IRXQG WKDW

WKH EXUGHQ RI VFKLVWRVRPLDVLV LV DERXW WKUHH WLPHV KLJKHU WKDQ VXJJHVWHG E\ WKH *OREDO

%XUGHQ RI 'LVHDVH FDOFXODWLRQV SXEOLVKHG IRU ����� ,I PRUWDOLW\ LV LQFOXGHG LQ WKH

FDOFXODWLRQV� RXU HVWLPDWLRQV DUH PLQLPDO IRXU WLPHV KLJKHU�

0RUELGLW\ FRQWURO LV WKH PDLQ JRDO RI PRVW LQLWLDWLYHV WR FRQWURO VFKLVWRVRPLDVLV� 7KLV

EHFDPH IHDVLEOH DIWHU WKH LQWURGXFWLRQ RI SUD]LTXDQWHO� DQ HIIHFWLYH VDIH VLQJOH GRVH GUXJ�

$FFRUGLQJ WR :+2 UHFRPPHQGDWLRQV� PRUELGLW\ FRQWURO VKRXOG EH LQWHJUDWHG LQ WKH

3ULPDU\ +HDOWK &DUH V\VWHP ZLWK DW OHDVW DGHTXDWH GLDJQRVLV DQG WUHDWPHQW RI SDWLHQWV

UHSRUWLQJ ZLWK V\PSWRPV RI VFKLVWRVRPLDVLV DW WKH KHDOWK V\VWHP� ,Q 3DUW ,, RI WKLV WKHVLV�

ZH H[SORUHG WKH TXDOLW\ RI VFKLVWRVRPLDVLV FDVH PDQDJHPHQW DQG GHWHUPLQHG WKH

SUREDELOLW\ WKDW SDWLHQWV ZLWK V\PSWRPV IURP 6� KDHPDWRELXP RU 6� PDQVRQL LQIHFWLRQ WKDW

UHSRUW DW WKH KHDOWK V\VWHP UHFHLYH DGHTXDWH WUHDWPHQW�

,Q &KDSWHUV �� � DQG �� ZH DVVHVVHG ZKHWKHU WKH PDLQ SUHUHTXLVLWHV IRU GLDJQRVLV DQG

WUHDWPHQW RI VFKLVWRVRPLDVLV SDWLHQWV ZHUH DYDLODEOH LQ WKH KHDOWK FDUH IDFLOLWLHV E\

LQWHUYLHZLQJ KHDOWK ZRUNHUV HPSOR\HG DW GLIIHUHQW OHYHOV RI WKH KHDOWK V\VWHP LQ *KDQD�

0DOL DQG 6HQHJDO XVLQJ D VWUXFWXUHG TXHVWLRQQDLUH� :H DVVHVVHG NQRZOHGJH RI WKH

SUHVHQWLQJ V\PSWRPV� WUHDWPHQW VWUDWHJ\ DQG DYDLODELOLW\ RI GLDJQRVWLF PDWHULDOV DQG GUXJV�

$FWLYH NQRZOHGJH RI WKH PDLQ SUHVHQWLQJ V\PSWRP RI 6� KDHPDWRELXP� KDHPDWXULD� ZDV

JRRG� 7KH PDLQ SUHVHQWLQJ V\PSWRP RI 6� PDQVRQL LQIHFWLRQ� EORRG LQ VWRRO� ZDV OHVV ZHOO

NQRZQ WKDQ WKDW RI 6� KDHPDWRELXP LQIHFWLRQ LQ DOO WKUHH FRXQWULHV� 2YHUDOO NQRZOHGJH DERXW

VFKLVWRVRPLDVLV ZDV EHVW LQ 6HQHJDO DQG 0DOL� 'LDJQRVWLF WHVWV ZHUH IUHTXHQWO\ UHTXHVWHG�

DOVR LQ KHDOWK FDUH IDFLOLWLHV ZLWKRXW D ODERUDWRU\� 0RVW ODERUDWRULHV XVHG WKH XULQH

FHQWULIXJDWLRQ WHVW IRU GLDJQRVLQJ 6� KDHPDWRELXP LQIHFWLRQ� )RU GLDJQRVLV RI 6� PDQVRQL

LQIHFWLRQ WKH GLUHFW VPHDU WHVW ZDV XVHG� EXW VHYHUDO KHDOWK FDUH IDFLOLWLHV LQ 6HQHJDO

UHSRUWHG WR SHUIRUP WKH PRUH VHQVLWLYH .DWR�.DW] WHVW� 3UD]LTXDQWHO ZDV PRUH RIWHQ

SUHVFULEHG IRU WUHDWPHQW RI 6� KDHPDWRELXP LQIHFWLRQ E\ KHDOWK ZRUNHUV LQ 0DOL DQG 6HQHJDO

WKDQ LQ *KDQD� ,W ZDV RIWHQ QRW LQ VWRFN LQ *KDQD� ,Q FRQFOXVLRQ� SUH�UHTXLVLWHV IRU

VFKLVWRVRPLDVLV FDVH PDQDJHPHQW ZHUH OHVV IDYRXUDEOH LQ *KDQD WKDQ LQ 0DOL DQG 6HQHJDO�

,Q &KDSWHU �� ZH VWXGLHG VFKLVWRVRPLDVLV FDVH PDQDJHPHQW E\ SUHVHQWLQJ IRXU FOLQLFDO

VFHQDULRV� WZR SUHVHQWLQJ ZLWK V\PSWRPV FRPSDWLEOH ZLWK 6� KDHPDWRELXP DQG WZR ZLWK

V\PSWRPV FRPSDWLEOH ZLWK 6� PDQVRQL LQIHFWLRQ� WR KHDOWK ZRUNHUV LQ *KDQD DQG 0DOL� ,W

DSSHDUHG WKDW SDWLHQWV UHSRUWLQJ ZLWK 6� KDHPDWRELXP V\PSWRPV FDQ H[SHFW SURSHU

WUHDWPHQW DW DSSUR[LPDWHO\ ��� RI WKH KHDOWK FDUH IDFLOLWLHV� ZKHUHDV WKRVH SUHVHQWLQJ ZLWK

6� PDQVRQL V\PSWRPV RQO\ KDYH D YHU\ OLPLWHG FKDQFH �DERXW ����� ,Q &KDSWHU ���� ZH

VKRZHG WKDW D *KDQDLDQ VFKLVWVRPLDVLV SDWLHQW KDV D YHU\ ORZ FKDQFH RI UHFHLYLQJ
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SUD]LTXDQWHO� 7KHUHIRUH� LW LV TXHVWLRQDEOH LI SDVVLYH FDVH GHWHFWLRQ LV D VXIILFLHQW EDVLV IRU

HIIHFWLYH VFKLVWRVRPLDVLV PRUELGLW\ FRQWURO� 6WLOO� ZH FRQVLGHU LW DQ HVVHQWLDO FRPSRQHQW RI

VFKLVWRVRPLDVLV FRQWURO DV LW LV XQDFFHSWDEOH LI NQRZOHGJH RI VFKLVWRVRPLDVLV WUHDWPHQW DQG

GUXJV ZRXOG EH DYDLODEOH LQ RWKHU VHFWRUV �H�J� VFKRROV DQG FRPSDQLHV� DQG QRW LQ WKH

KHDOWK VHFWRU�
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6FKLVWRVRPLDVLV LV ppQ YDQ GH PHHVW YRRUNRPHQGH SDUDVLWDLUH LQIHFWLH]LHNWHQ HQ HHQ

EHODQJULMN SUREOHHP YRRU GH YRONVJH]RQGKHLG LQ YHHO RQWZLNNHOLQJVODQGHQ� +HW

YRRUQDDPVWH YURHJH V\PSWRRP DOV JHYROJ YDQ LQIHFWLH PHW GH ZRUP

6FKLVWRVRPD KDHPDWRELXP LV EORHG LQ GH XULQH �KHPDWXULH�� 'H HYHQHHQV YHHO LQ $IULND

YRRUNRPHQGH ZRUP 6� PDQVRQL OHLGW LQ HHQ YURHJ VWDGLXP WRW EORHGHULJH GLDUUHH� 'H]H

V\PSWRPHQ ZRUGHQ YHURRU]DDNW GRRU HLHUHQ GLH WLMGHQV GH PLJUDWLH YDQ GH EORHGYDWHQ YDQ

KHW XULQHZHJV\VWHHP RI GH GDUPHQ QDDU GH XULQH RI RQWODVWLQJ EOLMYHQ VWHNHQ LQ GH EODDV�

RI GDUPZDQG� $OV GH LQIHFWLH ODQJHUH WLMG EHVWDDW GDQ NXQQHQ HUQVWLJH SDWKRORJLVFKH

YHUDQGHULQJHQ RQWVWDDQ ]RDOV YHUZLMGLQJ YDQ GH XULQHOHLGHU RI GH QLHUEHNNHQV LQ PHQVHQ

GLH JHwQIHFWHHUG ]LMQ PHW 6� KDHPDWRELXP HQ YRFKW LQ GH EXLNKROWH HQ EORHG EUDNHQ LQ

PHQVHQ PHW 6� PDQVRQL� %HVWDDQGH VFKDWWLQJHQ YDQ KHW DDQWDO PHQVHQ PHW V\PSWRPHQ ]LMQ

]HHU RQQDXZNHXULJ� 'H GRRU GH *OREDO %XUGHQ RI 'LVHDVH JHVFKDWWH ]LHNWHODVW LQ '$/<V

�VRP YDQ KHW DDQWDO YHUORUHQ OHYHQVMDUHQ HQ KHW DDQWDO MDUHQ JHOHHIG PHW HHQ EHOHPPHULQJ

GRRU GH ]LHNWH� GRRU LQIHFWLH PHW VFKLVWRVRPHQ ZRUGW DOV WH ODDJ EHVFKRXZG� 'DDURP

SUREHUHQ ZLM LQ 'HHO , YDQ GLW SURHIVFKULIW KHW DDQWDO PHQVHQ PHW PRUELGLWHLW GRRU

VFKLVWRVRPLDVLV QDXZNHXULJHU WH VFKDWWHQ PHW HHQ QLHXZH PHWKRGH GLH JHEUXLN PDDNW YDQ

LQIRUPDWLH XLW JHSXEOLFHHUGH YHOGVWXGLHV�

,Q +RRIGVWXN � SUHVHQWHUHQ ZH GH DQDO\VH PHWKRGH� GLH JHEDVHHUG LV RS GH DVVRFLDWLH

WXVVHQ GH SUHYDOHQWLH YDQ VFKLVWRVRPH LQIHFWLH HQ GH SUHYDOHQWLH YDQ PRUELGLWHLW� 'H

DVVRFLDWLHV YRRU YHUVFKLOOHQGH YRUPHQ YDQ PRUELGLWHLW GRRU LQIHFWLH PHW 6� PDQVRQL ZRUGHQ

LQ GLW KRRIGVWXN JHJHYHQ RS EDVLV YDQ � WRW �� JHSXEOLFHHUGH YHOGVWXGLHV� 'H UHVXOWDWHQ

ODWHQ ]LHQ GDW GH GRRU 6� PDQVRQL YHURRU]DDNWH GLDUUHH HQ EORHG ELM GH RQWODVWLQJ YRRUDO

ZRUGHQ JHYRQGHQ ELM SRSXODWLHV PHW GH KRRJVWH SUHYDOHQWLH YDQ LQIHFWLH �!�����

9HUJURWLQJ YDQ GH OHYHU HQ PLOW ZRUGW RRN JHYRQGHQ ELM EHYRONLQJVJURHSHQ PHW HHQ ODJHUH

SUHYDOHQWLH YDQ LQIHFWLH� 9RRU KHW DVSHFLILHNH V\PSWRRP EXLNSLMQ NRQGHQ ZH JHHQ

DVVRFLDWLH DDQWRQHQ� ,Q +RRIGVWXN � ]LMQ RS GH]HOIGH PDQLHU DVVRFLDWLHV EHSDDOG YRRU 6�

KDHPDWRELXP LQIHFWLH HQ EODDVSDWKRORJLH �JHGLDJQRVWLFHHUG PHW HFKRJUDILH� HQ KHPDWXULH

�JHGLDJQRVWLFHHUG P�E�Y� WHVWVWULSV� YUDJHQOLMVWHQ RI GRRU LQVSHFWLH YDQ XULQH� RS EDVLV YDQ �

WRW �� JHSXEOLFHHUGH YHOGVWXGLHV� 'H YLHU PHWKRGHQ� ZDDUPHH YURHJH SDWKRORJLH HQ

PRUELGLWHLW JHGLDJQRVWLFHHUG ZRUGW� KHEEHQ DOOH HHQ GXLGHOLMNH DVVRFLDWLH PHW 6�

KDHPDWRELXP LQIHFWLH SUHYDOHQWLH� =RDOV YHUZDFKW LV GH PHW WHVWVWULSV JHGLDJQRVWLFHHUGH

SUHYDOHQWLH YDQ PLFUR�KHPDWXULH KRJHU GDQ GLH YDQ PDFUR�KHPDWXULH JHGLDJQRVWLFHHUG PHW

YUDJHQOLMVWHQ� 'H]H LV ZHHU KRJHU GDQ PDFUR�KHPDWXULH JHPHWHQ GRRU LQVSHFWLH YDQ XULQH�

'H JHYRQGHQ SUHYDOHQWLH EODDVSDWKRORJLH LV GXLGHOLMN YHUVFKLOOHQG YRRU VWXGLHV LQ VFKROHQ

RI LQ GRUSHQ� WHUZLMO HU JHHQ YHUVFKLO ZDV YRRU KHPDWXULH� 'LW VXJJHUHHUW GDW HFKRJUDILH

PLQGHU YDDN HHQ SRVLWLHYH XLWVODJ JHHIW ELM YROZDVVHQHQ GDQ ELM NLQGHUHQ PHW GH ]HOIGH
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JUDDG YDQ SDWKRORJLH� ,Q +RRIGVWXN � WRQHQ ZLM DDQ GDW GH DVVRFLDWLH WXVVHQ 6�

KDHPDWRELXP LQIHFWLH SUHYDOHQWLH HQ JHUDSSRUWHHUGH KHPDWXULH QLHW YHUVFKLOOHQG LV YRRU

RQGHU]RHNHQ GLH QDDU KHPDWXULH LQ GH DIJHORSHQ � ZHNHQ RI LQ GH DIJHORSHQ � ZHNHQ

YUDJHQ� 7HQVORWWH ZRUGHQ LQ +RRIGVWXN � P�E�Y� GH DVVRFLDWLHV WXVVHQ 6FKLVWRVRPD LQIHFWLH

HQ PRUELGLWHLW XLW KRRIGVWXN � HQ �� HQ GH DDQZH]LJKHLG YDQ LQIHFWLH LQ $IULNDDQVH

SRSXODWLHV JHEDVHHUG RS JHSXEOLFHHUGH *,6 �*HRJUDSKLF ,QIRUPDWLRQ 6\VWHP� VFKDWWLQJHQ�

KHW DDQWDO PHQVHQ PHW PRUELGLWHLW GRRU VFKLVWRVRPLDVLV LQ $IULND EHUHNHQG� :LM VFKDWWHQ

GDW �� PLOMRHQ PHQVHQ KHPDWXULH KHEEHQ GRRU 6� KDHPDWRELXP LQIHFWLH� �� PLOMRHQ SLMQ ELM

KHW SODVVHQ� �� PLOMRHQ HUQVWLJH EODDVZDQG SDWKRORJLH HQ �� PLOMRHQ HUQVWLJH

QLHUDIZLMNLQJHQ �K\GURQHSKURVH�� ,QIHFWLH PHW 6� PDQVRQL YHURRU]DDNW GLDUUHH ELM ����

PLOMRHQ PHQVHQ� EORHG ELM GH RQWODVWLQJ ELM ��� PLOMRHQ HQ OHYHUYHUJURWLQJ ELM ��� PLOMRHQ�

9RRU]LFKWLJH VFKDWWLQJHQ� JHEDVHHUG RS VOHFKWV HHQ EHSHUNW DDQWDO DUWLNHOHQ� VXJJHUHUHQ GDW

KHW DDQWDO GRGHQ GRRU LQIHFWLH PHW VFKLVWRVRPHQ LQ GH EXXUW YDQ GH ������� GXL]HQG OLJW�

,Q +RRIGVWXN ���� EHVSUHNHQ ZH GH]H UHVXOWDWHQ LQ PHHU GHWDLO HQ KHEEHQ ZH KHW YHUOLHV

DDQ '$/<V GRRU VFKLVWRVRPLDVLV EHUHNHQG� 9RRU GH EHUHNHQLQJHQ JHEUXLNHQ ZH GH

FRQVHUYDWLHYH DDQQDPH GDW PHQVHQ PHW HUQVWLJH V\PSWRPHQ RRN PLOGHUH V\PSWRPHQ

KHEEHQ HQ DOOHHQ KHW YHUOLHV DDQ '$/<V GRRU GH HUQVWLJH V\PSWRPHQ LV GDQ LQ GH

EHUHNHQLQJHQ RSJHQRPHQ� 6\PSWRPHQ ZDDUYDQ JHHQ NZDQWLWDWLHYH LQIRUPDWLH EHVFKLNEDDU

LV �]RDOV GH UHJHOPDWLJ JHVXJJHUHHUGH YHUPLQGHULQJ YDQ GH JURHL YDQ NLQGHUHQ� ]LMQ QLHW LQ

RQ]H EHUHNHQLQJHQ RSJHQRPHQ� 'HVRQGDQNV LV GH GRRU RQV EHUHNHQGH ]LHNWHODVW W�J�Y�

VFKLVWRVRPLDVLV RQJHYHHU GULH NHHU ]R KRRJ DOV LQ ���� JHSXEOLFHHUGH ¶*OREDO %XUGHQ RI

'LVHDVH· EHUHNHQLQJHQ� $OV ZH VWHUIWH LQ GH EHUHNHQLQJHQ PHHQHPHQ ]LMQ RQ]H VFKDWWLQJHQ

]HOIV YLHU PDDO KRJHU�

+HW YRRUNRPHQ YDQ PRUELGLWHLW LV KHW EHODQJULMNVWH GRHO YDQ YHHO VFKLVWRVRPLDVLV

EHVWULMGLQJVSURJUDPPD·V� QDGDW YHOH SRJLQJHQ WRW ODQJGXULJH UHGXFWLH YDQ WUDQVPLVVLH QLHW

VXFFHVYRO ]LMQ JHEOHNHQ� +LHUWRH LV SUD]LTXDQWHO� HHQ YHLOLJ HQ HIIHFWLHI PHGLFLMQ�

EHVFKLNEDDU� 9ROJHQV GH DDQEHYHOLQJHQ YDQ GH :HUHOGJH]RQGKHLGVRUJDQLVDWLH �:+2�

PRHW GH EHVWULMGLQJ ZRUGHQ JHwQWHJUHHUG LQ GH EDVLVJH]RQGKHLGV]RUJ� 'LW EHWHNHQW LQ LHGHU

JHYDO GDW DGHTXDWH GLDJQRVH HQ EHKDQGHOLQJ DDQZH]LJ PRHWHQ ]LMQ YRRU SDWLsQWHQ GLH ]LFK

PHW NODFKWHQ YDQ VFKLVWRVRPLDVLV PHOGHQ ELM HHQ NOLQLHN RI JH]RQGKHLGVSRVW� ,Q 'HHO ,,

YDQ GLW SURHIVFKULIW NLMNHQ ZH QDDU GH NZDOLWHLW YDQ GH EHKDQGHOLQJ YRRU VFKLVWRVRPLDVLV

SDWLsQWHQ HQ EHSDOHQ ZH GH NDQV GDW SDWLsQWHQ PHW V\PSWRPHQ GRRU 6� KDHPDWRELXP RI 6�

PDQVRQL LQIHFWLH GLH ]LFK PHOGHQ ELM KHW JH]RQGKHLGV]RUJV\VWHHP DGHTXDWH EHKDQGHOLQJ

NULMJHQ� 'H]H VWXGLH PDDNW GHHO XLW YDQ HHQ GRRU :2752�1:2 JHILQDQFLHUG

RQGHU]RHNVSURJUDPPD QDDU JHwQWHJUHHUGH EHVWULMGLQJ YDQ VFKLVWRVRPLDVLV LQ *KDQD� 0DOL

HQ 6HQHJDO�

,Q GH VWXGLHV GLH EHVFKUHYHQ ]LMQ LQ GH +RRIGVWXNNHQ �� � HQ � RQGHU]RHNHQ ZH RI GH

EHODQJULMNVWH YRRUZDDUGHQ YRRU GLDJQRVH HQ EHKDQGHOLQJ YDQ VFKLVWRVRPLDVLV SDWLsQWHQ

DDQZH]LJ ]LMQ LQ NOLQLHNHQ� JH]RQGKHLGVSRVWHQ HQ ]LHNHQKXL]HQ� 'LW KHEEHQ ZH JHGDDQ

GRRU JH]RQGKHLGVZHUNHUV YDQ JH]RQGKHLGVSRVWHQ� ]LHNHQKXL]HQ HQ SULYp NOLQLHNHQ LQ
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UHVSHFWLHYHOLMN *KDQD �Q ���� 0DOL �Q ��� HQ 6HQHJDO �Q ��� WH LQWHUYLHZHQ P�E�Y� HHQ

JHVWUXFWXUHHUGH YUDJHQOLMVW� 'DDUELM EHSDDOGHQ ZH GH NHQQLV YDQ GH EHODQJULMNVWH

V\PSWRPHQ� EHKDQGHOLQJVVWUDWHJLHsQ HQ GH DDQZH]LJKHLG YDQ SUD]LTXDQWHO HQ PDWHULDOHQ

YRRU GLDJQRVWLHN� +HW EHODQJULMNVWH V\PSWRRP YDQ 6� KDHPDWRELXP �KHPDWXULH� EOLMNW EHNHQG

ELM GH PHHVWH JH]RQGKHLGVZHUNHUV� ,Q DOOH GULH GH ODQGHQ LV KHW EHODQJULMNVWH V\PSWRRP

YDQ 6� PDQVRQL LQIHFWLH �EORHG ELM GH RQWODVWLQJ� YHHO PLQGHU JRHG EHNHQG� 2YHU KHW

DOJHPHHQ LV GH NHQQLV YDQ VFKLVWRVRPLDVLV KHW EHVWH LQ 6HQHJDO HQ 0DOL� ,Q GLH WZHH ODQGHQ

LV LQ GH YRRUJDDQGH MDUHQ YHHO PHHU DDQGDFKW JHZHHVW YRRU RQGHU]RHN HQ EHVWULMGLQJ GDQ LQ

*KDQD� 'LDJQRVWLVFKH WHVWHQ ZRUGHQ IUHTXHQW DDQJHYUDDJG� RRN LQ NOLQLHNHQ ]RQGHU

ODERUDWRULXP� ZDW H[WUD NRVWHQ HQ XLWYDO EHWHNHQW� 'H PHHVWH ODERUDWRULD JHEUXLNHQ GH

XULQH FHQWULIXJDWLH WHVW YRRU KHW GLDJQRVWLFHUHQ YDQ 6� KDHPDWRELXP LQIHFWLH� 9RRU GH

GLDJQRVH YDQ 6� PDQVRQL LQIHFWLH ZRUGW KHW GLUHFWH IHFHV SUHSDUDDW JHEUXLNW� HQ PDDU HQNHOH

NOLQLHNHQ �LQ 6HQHJDO� UDSSRUWHUHQ KHW JHEUXLN YDQ GH JHYRHOLJHU HQ GRRU :+2

DDQEHYROHQ .DWR�.DW] WHVW� 3UD]LTXDQWHO ZRUGW LQ 0DOL HQ 6HQHJDO YDNHU YRRUJHVFKUHYHQ

YRRU GH EHKDQGHOLQJ YDQ 6� KDHPDWRELXP LQIHFWLH GDQ LQ *KDQD HQ LV LQ KHW ODDWVW JHQRHPGH

ODQG YDDN QLHW HHQV YHUNULMJEDDU� 8LW GH]H VWXGLHV FRQFOXGHUHQ ZLM GDW GH YRRUZDDUGHQ YRRU

EHKDQGHOLQJ YDQ VFKLVWRVRPLDVLV SDWLsQWHQ JXQVWLJHU ]LMQ LQ 0DOL HQ 6HQHJDO GDQ LQ *KDQD�

PDDU JHULFKWH LQWHUYHQWLHV ]RDOV EHVFKUHYHQ YRRU 6HQHJDO LQ KRRIGVWXN � NXQQHQ YHHO

YHUEHWHUHQ� 8LWHUDDUG KRHIW LQ GH JHYDOOHQ GDW NHQQLV YDQ GH ]LHNWH HQ GH MXLVWH

GLDJQRVWLVFKH PDWHULDOHQ HQ PHGLFLMQHQ EHVFKLNEDDU ]LMQ� GLW QRJ QLHW WH EHWHNHQHQ GDW

SDWLsQWHQ PHW VFKLVWRVRPLDVLV GDDGZHUNHOLMN DGHTXDWH ]RUJ NULMJHQ� ,Q +RRIGVWXN �

KHEEHQ ZLM GDDURP GH EHKDQGHOLQJ YDQ VFKLVWRVRPLDVLV SDWLsQWHQ EHVWXGHHUG GRRU YLHU

EHVFKULMYLQJHQ YDQ K\SRWKHWLVFKH SDWLsQWHQ DDQ JH]RQGKHLGVZHUNHUV LQ *KDQD HQ 0DOL

YRRU WH OHJJHQ� WZHH GLH KHW JHYROJ ]RXGHQ NXQQHQ ]LMQ YDQ 6� KDHPDWRELXP HQ WZHH YDQ 6�

PDQVRQL LQIHFWLH� 'H]H VWXGLH ODDW ]LHQ GDW LQ EHLGH ODQGHQ SDWLsQWHQ GLH ]LFK ELM KHW

JH]RQGKHLGVV\VWHHP PHOGHQ PHW 6� KDHPDWRELXP V\PSWRPHQ LQ RQJHYHHU ��� YDQ GH

NOLQLHNHQ GH MXLVWH EHKDQGHOLQJ ]XOOHQ NULMJHQ� 3DWLsQWHQ GLH ]LFK SUHVHQWHUHQ PHW

V\PSWRPHQ YDQ 6� PDQVRQL LQIHFWLH KHEEHQ PDDU HHQ NOHLQH NDQV RS DGHTXDWH EHKDQGHOLQJ

�RQJHYHHU ����� 'LW ODDWVWH KRHIW QLHW DOWLMG HHQ SUREOHHP WH ]LMQ RPGDW GH YHUVFKLMQVHOHQ

GRRU 6� PDQVRQL RRN GRRU DQGHUH �LQIHFWLH� ]LHNWHQ ]RXGHQ NXQQHQ NRPHQ� ,Q +RRIGVWXN

���� EHUHNHQHQ ZH GDW VFKLVWRVRPLDVLV SDWLsQWHQ HHQ HUJ ODJH NDQV KHEEHQ RP EHKDQGHOG

WH ZRUGHQ PHW SUD]LTXDQWHO� LQ GH HHUVWH SODDWV RPGDW ]H HHQ NOHLQH NDQV KHEEHQ RP GH

MXLVWH EHKDQGHOLQJ WH NULMJHQ �GLW SURHIVFKULIW� PDDU RRN RPGDW ]H P�Q� ELM 6� KDHPDWRELXP

JHHQ EHKDQGHOLQJ ]RHNHQ YRRU KXQ V\PSWRPHQ �XLWNRPVW YDQ YHOGVWXGLH ELQQHQ KHW]HOIGH

RQGHU]RHNVSURJUDPPD�� 'DDURP LV KHW WZLMIHODFKWLJ RI PRUELGLWHLW GRRU VFKLVWRVRPH

LQIHFWLH YRRUNRPHQ NDQ ZRUGHQ GRRU XLWVOXLWHQG EHKDQGHOLQJ YDQ SDWLsQWHQ GLH ]LFK ]HOI

PHOGHQ ELM HHQ JH]RQGKHLGVSRVW� ]LHNHQKXLV RI SULYp NOLQLHN� 7RFK EHVFKRXZHQ ZH KHW DOV

HHQ HVVHQWLHHO RQGHUGHHO YDQ HHQ VFKLVWRVRPLDVLV EHVWULMGLQJVSURJUDPPD� :H YLQGHQ KHW

RQDFFHSWDEHO DOV PHGLFLMQHQ HQ NHQQLV QRGLJ YRRU GH EHKDQGHOLQJ YDQ VFKLVWRVRPLDVLV

DDQZH]LJ ]LMQ LQ DQGHUH VHFWRUHQ �E�Y� VFKROHQ HQ EHGULMYHQ� HQ QLHW LQ GH

JH]RQGKHLGVVHFWRU�
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9HOHQ KHEEHQ HHQ ELMGUDJH JHOHYHUG DDQ KHW WRW VWDQG NRPHQ YDQ GLW SURHIVFKULIW� 7HQ

HHUVWH ZLO LN 6DNH GH 9ODV EHGDQNHQ� :H KHEEHQ VDPHQ KDUG JHZHUNW� QDJHGDFKW HQ

JHGLVFXVVLHHUG PDDU RRN YHHO JHODFKHQ� -RXZ HQWKRXVLDVPH YRRU GLW RQGHU]RHN HQ

RQGHU]RHN LQ KHW DOJHPHHQ KHHIW PLM GRRU HHQ DDQWDO PRHLOLMNH SXQWHQ KHHQ JHKDDOG� 'LN

+DEEHPD ZLO LN EHGDQNHQ YRRU GH VXSHUYLVLH RS DIVWDQG� ,QGLHQ JHZHQVW ZLOGH MH JUDDJ HHQ

NULWLVFKH EOLN RS GH JHVFKUHYHQ WHNVWHQ ZHUSHQ� 'LW ZDV YRRU PLM SUHFLHV JRHG� 0LMQ

NDPHUJHQRWHQ +pOqQH 9RHWHQ HQ $QQHOLHV 9RV ZDUHQ EHODQJULMN YRRU KHW GDJHOLMNVH

ZHUNSOH]LHU HQ KHW KHOSHQ RSORVVHQ YDQ ZHWHQVFKDSSHOLMNH� DQDO\VH� FRPSXWHU HQ

RUJDQLVDWRULVFKH SUREOHPHQ� 2RN RS GH PRPHQWHQ ZDDURS DOOHV HYHQ QLHW ]R VRHSHO OLHS

KHE LN YHHO VWHXQ YDQ MXOOLH JHKDG� EHGDQNW� *HUDUG %RUVERRP� &DVSDU /RRPDQ HQ 1LFR

1DJHONHUNH KHEEHQ HHQ ELMGUDJH JHOHYHUG DDQ KHW DQDO\VHUHQ YDQ GH GDWD� -XOOLH �FUHDWLHYH�

RSORVVLQJHQ ZDUHQ QXWWLJ HQ OHHU]DDP� 2RN GH DQGHUH &'7'& FOXVWHUJHQRWHQ HQ 2ODI

6FKRXWHQ �
PLMQ VWXGHQW
� KHEEHQ ]HNHU HHQ ELMGUDJH JHOHYHUG GRRU NULWLVFK QDDU PLMQ ZHUN

WH NLMNHQ WLMGHQV GH 
GLVFXVVLRQ PHHWLQJV
 RI GRRU �RQJHYUDDJG� LQIRUPHHO FRPPHQWDDU WH

OHYHUHQ�

7KH UHVHDUFK GHVFULEHG LQ WKH ILUVW SDUW RI WKLV 7KHVLV KDV SURILWHG JUHDWO\ IURP GLVFXVVLRQV

ZLWK 6LPRQ %URRNHU DQG 'LUN (QJHOV� 7KH ILHOG VWXGLHV GHVFULEHG LQ WKH VHFRQG SDUW FRXOG

QRW KDYH EHHQ SHUIRUPHG ZLWKRXW WKH DVVLVWDQFH RI P\ SURMHFW FROOHDJXHV 7RQ\ 'DQVR�

$SSLDK IURP *KDQD� $O\ /DQGRXUp IURP 0DOL DQG 6H\GRX 6RZ IURP 6HQHJDO� ,W ZDV

VWLPXODWLQJ WR ZRUN FORVHO\ ZLWK WKHP LQ WKH :2752�1:2 IXQGHG SURJUDPPH� , DOVR

ZDQW WR DFNQRZOHGJH .ZDEHQD %RVRPSHP� 0DPDGRX 7UDRUp� $PDGRX 0ED\H DQG %UXQR

*U\VHHOV IRU JLYLQJ PH WKH RSSRUWXQLW\ WR XVH WKH LQIUDVWUXFWXUH RI WKH 1RJXFKL 0HPRULDO

,QVWLWXWH IRU 0HGLFDO 5HVHDUFK �*KDQD�� WKH ,QVWLWXW 1DWLRQDO GH 5HFKHUFKH 6DQWp 3XEOLTXH

�0DOL� DQG WKH 5pJLRQ 0pGLFDOH 6W /RXLV �6HQHJDO�� IRU GDWD FROOHFWLRQ LQ :HVW $IULFD�

'DDUQDDVW ZLO LN RRN PLMQ GDQN XLWVSUHNHQ YRRU GH RQGHUVWHXQLQJ YDQ KHW 0*=

VHFUHWDULDDW� KHW ILQDQFLsOH EHKHHU HQ GH DXWRPDWLVHULQJ� PHW QDPH YDQ 0LUHOOD� (OVH� %DUU\�

6HOPD� 7RQ HQ .HHV� ,N KHE DOWLMG PHW YHHO SOH]LHU RS 0*= JHZHUNW HQ EHQ HU YDQ

RYHUWXLJG GDW GLW RRN KHHIW ELMJHGUDJHQ DDQ GH WRWVWDQGNRPLQJ YDQ GLW SURHIVFKULIW�

'DDURP EHGDQNW FROOHJD
V HQ PHGH SURPRYHQGL� YRRUDO YRRU GH YHOH OXQFKHV PHW GH

OHYHQGLJH GLVFXVVLHV�

2RN YULHQGHQ HQ IDPLOLH KHEEHQ HHQ ELMGUDJH JHOHYHUG DDQ GLW SURHIVFKULIW� 'H OHGHQ YDQ

PLMQ WZHH GXLNYHUHQLJLQJHQ� GH /HLGVH 6WXGHQWHQ 'XLNYHUHQLJLQJ HQ GH 5RWWHUGDPVH

'XLNYHUHQLJLQJ� KHEEHQ GH YRRUWJDQJ DOWLMG JHYROJG� EHGDQNW YRRU MXOOLH EHODQJVWHOOLQJ�

$UW� 'DYLG� -DQ� -RNH� 0DUWLMQ� 1LFROH� 3HWHU� 3HWUD� <YHWWH HQ DQGHUHQ KLHOSHQ PH DIVWDQG

WH QHPHQ YDQ KHW ZHUN GRRU XLWMHV WH RUJDQLVHUHQ� 2RN GH ZDUPH EHODQJVWHOOLQJ YDQ PLMQ

RXGHUV ZDV EHODQJULMN� ]H KHEEHQ LHGHUH VWDS LQ KHW SURFHV JHYROJG HQ ZDUHQ JHwQWHUHVVHHUG



���

LQ DOOH SODQQHQ HQ XLWNRPVWHQ� &DUROLHQ HQ +DUULsW� PLMQ SDUDQLPIHQ� EHGDQNW YRRU KHW

KHOSHQ PHW KHW UHJHOHQ YDQ GH SUDNWLVFKH GLQJHQ YRRU GH SURPRWLH� ,N HLQGLJ PHW PLMQ

GDQN XLW WH VSUHNHQ DDQ 5RQ� MLM ZDV PLMQ NODQNERUG HQ VWHXQ ELM KHW ZHUNHQ DDQ GLW

SURHIVFKULIW�
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0DULHNH -� YDQ GHU :HUI ZDV ERUQ RQ $XJXVW ��� ���� LQ *RXGD �7KH 1HWKHUODQGV�� ,Q �����

VKH SDVVHG KHU VHFRQGDU\ VFKRRO H[DP DW WKH 6W� 0DDUWHQVFROOHJH LQ 9RRUEXUJ DQG EHJDQ

VWXG\LQJ %LRPHGLFDO 6FLHQFHV DW WKH 8QLYHUVLW\ RI /HLGHQ� )URP ����� VKH VLPXOWDQHRXVO\

VWXGLHG 0HGLFLQH� DOVR LQ /HLGHQ� 'XULQJ WKHVH VWXGLHV VKH FDUULHG RXW WKUHH UHVHDUFK SURMHFWV�

��� DW WKH GHSDUWPHQW RI *DVWURHQWHURORJ\�+HSDWRORJ\� 8QLYHUVLW\ +RVSLWDO /HLGHQ� ��� DW WKH

GHSDUWPHQW RI 3DUDVLWROR\� 8QLYHUVLW\ RI /HLGHQ DQG WKH 5pJLRQ 0pGLFDOH 6W /RXLV� 6HQHJDO�

DQG ��� DW WKH GHSDUWPHQW RI &OLQLFDO 9LUR�,PPXQRORJ\� &HQWUDO ODERUDWRU\ RI WKH

1HWKHUODQGV 5HG &URVV� $PVWHUGDP� ,Q 6HSWHPEHU ����� VKH JUDGXDWHG LQ %LRPHGLFDO

6FLHQFHV DQG 0HGLFLQH� 7KHUHDIWHU� VKH ZRUNHG DV D PHGLFDO GRFWRU DQG UHVHDUFKHU DW WKH

PXQLFLSDO KHDOWK VHUYLFH LQ $PVWHUGDP �GLYLVLRQ RI 3XEOLF +HDOWK DQG (QYLURQPHQW� ZLWKLQ

WKH IUDPHZRUN RI WKH 
$PVWHUGDP FRKRUW VWXGLHV RQ +,9 LQIHFWLRQ DQG $,'6
� ,Q 0DUFK

����� VKH EHFDPH D 3K' VWXGHQW �IXQGHG E\ 1:2�:2752� DW WKH GHSDUWPHQW RI

3XEOLF +HDOWK� (UDVPXV 0& 5RWWHUGDP� +HU UHVHDUFK SURMHFW ZDV RQ WKH FRQWURO RI

VFKLVWRVRPLDVLV LQ :HVW $IULFD DQG FRQWDLQHG WKUHH ILHOG ZRUN SHULRGV GXULQJ ZKLFK VKH

SHUIRUPHG UHVHDUFK RQ WKH KHDOWK V\VWHPV RI *KDQD� 0DOL DQG 6HQHJDO LQ FROODERUDWLRQ

ZLWK WKH 1RJXFKL 0HPRULDO ,QVWLWXWH IRU 0HGLFDO 5HVHDUFK� WKH ,QVWLWXW 1DWLRQDO GH

5HFKHUFKH 6DQWp 3XEOLTXH DQG WKH 5pJLRQ 0pGLFDOH 6W /RXLV� UHVSHFWLYHO\� 6KH DOVR

SHUIRUPHG D SURMHFW DW WKH :RUOG +HDOWK 2UJDQL]DWLRQ LQ *HQHYD �GHSDUWPHQW RI

&RPPXQLFDEOH 'LVHDVHV &RQWURO� 3UHYHQWLRQ DQG (UDGLFDWLRQ�� ,Q -XQH ����� VKH REWDLQHG

KHU 0DVWHU RI 3XEOLF +HDOWK GHJUHH DW WKH 1HWKHUODQGV 6FKRRO RI 3XEOLF +HDOWK LQ 8WUHFKW�

6LQFH )HEUXDU\ �� ����� VKH LV VHQLRU HSLGHPLRORJLVW DW WKH 5R\DO 1HWKHUODQGV 7XEHUFXORVLV

$VVRFLDWLRQ �.1&9� LQ 7KH +DJXH�
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0DULHNH -� YDQ GHU :HUI ZHUG RS �� DXJXVWXV ���� LQ *RXGD JHERUHQ� ,Q ���� EHKDDOGH ]LM

KDDU 9:2�GLSORPD �$WKHQHXP %� RS KHW 6W� 0DDUWHQVFROOHJH WH 9RRUEXUJ� ,Q GDW]HOIGH

MDDU EHJRQ ]LM PHW GH VWXGLH %LRPHGLVFKH ZHWHQVFKDSSHQ DDQ GH 8QLYHUVLWHLW /HLGHQ�

'DDUQDDVW EHJRQ ]LM LQ ���� PHW GH VWXGLH *HQHHVNXQGH� HYHQHHQV LQ /HLGHQ� 7LMGHQV GH

GRFWRUDDOIDVH YDQ GH VWXGLH %LRPHGLVFKH ZHWHQVFKDSSHQ GHHG ]LM GULH RQGHU]RHNVVWDJHV�

'H HHUVWH VWDJH ZDV ELM *DVWURHQWHURORJLH HQ +HSDWRORJLH LQ KHW /HLGV 8QLYHUVLWDLU

0HGLVFK &HQWUXP �/80&� LQ /HLGHQ� GH WZHHGH ELM GH YDNJURHS 3DUDVLWRORJLH YDQ GH

8QLYHUVLWHLW /HLGHQ PHW HHQ YHOGZHUN SHULRGH ELM GH 5pJLRQ 0pGLFDOH 6W� /RXLV LQ 6HQHJDO

HQ GH GHUGH ELM GH DIGHOLQJ .OLQLVFKH 9LUR�,PPXQRORJLH YDQ KHW &HQWUDDO /DERUDWRULXP

YDQ KHW 1HGHUODQGVH 5RGH .UXLV �&/%� LQ $PVWHUGDP� ,Q VHSWHPEHU ���� EHKDDOGH ]LM

KDDU GRFWRUDDO GLSORPD %LRPHGLVFKH ZHWHQVFKDSSHQ HQ GHHG ]LM DUWVH[DPHQ� $DQVOXLWHQG

ZHUNWH ]LM DOV DUWV�RQGHU]RHNHU ELM GH **	*' LQ $PVWHUGDP RS GH DIGHOLQJ

9RONVJH]RQGKHLG HQ 0LOLHX DDQ GH 
$PVWHUGDP FRKRUW VWXGLHV RQ +,9 LQIHFWLRQ DQG

$,'6
� ,Q PDDUW ���� EHJRQ ]LM DDQ KDDU SURPRWLH�RQGHU]RHN DOV 2QGHU]RHNHU LQ

2SOHLGLQJ �2,2� ELM KHW ,QVWLWXXW 0DDWVFKDSSHOLMNH *H]RQGKHLGV]RUJ �0*=�� (UDVPXV

0& 5RWWHUGDP� RS HHQ SURMHFW JHILQDQFLHUG GRRU 1:2�:2752� +DDU RQGHU]RHN

EHWURI GH EHVWULMGLQJ YDQ VFKLVWRVRPLDVLV LQ :HVW $IULND� 'LW EHYDWWH � YHOGZHUNSHULRGHQ

ZDDULQ RQGHU]RHN ZHUG YHUULFKW DDQ GH JH]RQGKHLGVV\VWHPHQ YDQ *KDQD� 0DOL HQ 6HQHJDO

LQ VDPHQZHUNLQJ PHW KHW 1RJXFKL 0HPRULDO ,QVWLWXWH IRU 0HGLFDO 5HVHDUFK� KHW ,QVWLWXW

1DWLRQDO GH 5HFKHUFKH 6DQWp 3XEOLTXH HQ GH 5pJLRQ 0pGLFDOH 6W /RXLV� 'DDUQDDVW GHHG ]LM

HHQ RQGH]RHNVSURMHFW ELM GH DIGHOLQJ &RPPXQLFDEOH 'LVHDVHV &RQWURO� 3UHYHQWLRQ DQG

(UDGLFDWLRQ YDQ GH :HUHOGJH]RQGKHLGVRUJDQLVDWLH �:+2� LQ *HQqYH� ,Q ���� EHKDDOGH ]LM

KHW 0DVWHU RI 3XEOLF +HDOWK GLSORPD DDQ GH 1HWKHUODQGV 6FKRRO RI 3XEOLF +HDOWK LQ

8WUHFKW� 9DQDI � IHEUXDUL ���� LV ]LM ZHUN]DDP DOV VHQLRU HSLGHPLRORJLVFK RQGHU]RHNHU ELM

GH .RQLQNOLMNH 1HGHUODQGVH 9HUHQLJLQJ WRW EHVWULMGLQJ GHU 7XEHUFXORVH �.1&9� LQ 'HQ

+DDJ�
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)RHNMH )� 6WHOPD� 0DULHNH -� YDQ GHU :HUI� ,GULVVD 7DOOD� 0DOLN 1LDQJ� %UXQR *U\VHHOV

������� )RXU \HDUV· IROORZ�XS RI KHSDWRVSOHQLF PRUELGLW\ LQ D UHFHQWO\ HPHUJHG IRFXV RI

6FKLVWRVRPD PDQVRQL LQ 1RUWKHUQ 6HQHJDO� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH

DQG +\JLHQH ������ ������

0DULHNH -� YDQ GHU :HUI� -DQNH 6FKLQNHO� *HUULW YDQ 6DQWHQ� ,QJH 9HUJRXZH� 5HQDWH $�

:L[� (ULN -� YDQ $PHLMGHQ ������� +LJKO\ DFWLYH DQWLUHWURYLUDO WKHUDS\ DPRQJ GUXJ XVHUV LQ

$PVWHUGDP� VHOI�SHUFHLYHG UHDVRQV IRU QRW UHFHLYLQJ WKHUDS\� $,'6 ������� ����������

0DULHNH -� YDQ GHU :HUI� %LUJLW YDQ %HQWKHP� (ULN YDQ $PHLMGHQ ������� 3UHYDOHQFH�

LQFLGHQFH DQG ULVN IDFWRUV RI DQDHPLD LQ +,9 SRVLWLYH DQG +,9 QHJDWLYH GUXJ XVHUV�

$GGLFWLRQ ������ ��������

0DULHNH -� YDQ GHU :HUI� $PDGRX 0ED\H� 6H\GRX 6RZ� %UXQR *U\VHHOV� 6DNH -� GH 9ODV

������� (YDOXDWLRQ RI VWDII SHUIRUPDQFH DQG PDWHULDO UHVRXUFHV IRU LQWHJUDWHG

VFKLVWRVRPLDVLV FRQWURO LQ 1RUWKHUQ 6HQHJDO� 7URSLFDO 0HGLFLQH 	 ,QWHUQDWLRQDO +HDOWK �����

������

0DULHNH -� YDQ GHU :HUI� 6DNH -� GH 9ODV� &DVSDU :�1� /RRPDQ� 1LFR -�'� 1DJHONHUNH� -�

'LN )� +DEEHPD� 'LUN (QJHOV ������� $VVRFLDWLQJ FRPPXQLW\ SUHYDOHQFH RI 6FKLVWRVRPD

PDQVRQL LQIHFWLRQ ZLWK SUHYDOHQFH RI VLJQV DQG V\PSWRPV� $FWD 7URSLFD ��� ��������

0DULHNH -� YDQ GHU :HUI� 6DNH -� GH 9ODV� 6LPRQ %URRNHU� &DVSDU :�1� /RRPDQ� 1LFR -�'�

1DJHONHUNH� -� 'LN )� +DEEHPD� 'LUN (QJHOV� 4XDQWLILFDWLRQ RI FOLQLFDO PRUELGLW\

DVVRFLDWHG ZLWK VFKLVWRVRPH LQIHFWLRQ LQ VXE�6DKDUDQ $IULFD� $FWD 7URSLFD �LQ SUHVV��

0DULHNH -� YDQ GHU :HUI� .ZDEHQD 0� %RVRPSHP� 6DNH -� GH 9ODV� 6FKLVWRVRPLDVLV FRQWURO

LQ *KDQD� &DVH PDQDJHPHQW DQG PHDQV IRU GLDJQRVLV DQG WUHDWPHQW ZLWKLQ WKH KHDOWK

V\VWHP� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH �LQ SUHVV��

0DULHNH -� YDQ GHU :HUI� *HUDUG -�-�0� %RUVERRP� 6DNH -� GH 9ODV� 1R HIIHFW RI UHFDOO

SHULRG OHQJWK RQ SUHYDOHQFH RI VHOI�UHSRUWHG KDHPDWXULD LQ 6FKLVWRVRPD KDHPDWRELXP

HQGHPLF DUHDV� 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI 7URSLFDO 0HGLFLQH DQG +\JLHQH �LQ SUHVV��

$O\ /DQGRXUp� 0DULHNH -� YDQ GHU :HUI� 0DPDGRX 7UDRUp� 6DNH -� GH 9ODV� (YDOXDWLRQ RI

VFKLVWRVRPLDVLV FDVH PDQDJHPHQW DQG PHDQV IRU GLDJQRVLV DQG WUHDWPHQW LQ 0DOL� PRUH

WKDQ D GHFDGH DIWHU WKH VWDUW RI LQWHJUDWHG FRQWURO� �VXEPLWWHG��

0DULHNH -� YDQ GHU :HUI� 6DNH -� GH 9ODV� $O\ /DQGRXUp� .ZDEHQD 0� %RVRPSHP� -� 'LN )�

+DEEHPD� 0HDVXULQJ VFKLVWRVRPLDVLV FDVH PDQDJHPHQW RI WKH KHDOWK VHUYLFHV LQ *KDQD

DQG 0DOL� �VXEPLWWHG��

0DULHNH -� YDQ GHU :HUI 	 6DNH -� GH 9ODV� 'LDJQRVLV RI HDUO\ FOLQLFDO FRQVHTXHQFHV RI

6FKLVWRVRPD KDHPDWRELXP LQIHFWLRQ� D QRYHO DSSURDFK WR FRPSDUH WKH SHUIRUPDQFH RI

XOWUDVRXQG DQG WKUHH PHWKRGV IRU KDHPDWXULD GHWHFWLRQ� �VXEPLWWHG��
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