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%ORRG�0HWDJHQRPLF�6HTXHQFH��QDO�VLV�IRU�(YDOXDWLRQ�RI�&KURQLF�
6�VWHPLF�,QIHFWLRQV

0RKDPPHG�6KDNHHO�����OD�6DQMD�����DLQDE�.DXVDU����
9DGODPXGL�1LNKLO���&KDQG�3DVKD�

�EVWUDFW

%ORRG� V�VWHPLF� LQIHFWLRQV� �%6,V�� DUH�PDMRU� WKUHDW� LQ�KHPRGLDO�VLV�SDWLHQWV��%6,V� DUH�
GLDJQRVHG�E��EORRG�FXOWXULQJ�IRU�EDFWHULD�DQG�VHURORJ��IRU�YLUXV�LQIHFWLRQV��7KHVH�WZR�
PHWKRGV�DUH�WLPH�WDNLQJ�DQG�H[SHQVLYH�DQG�QRW�FRYHULQJ�DOO�%6,�PLFUREHV��$Q�DWWHPSW�LV�
PDGH�WR�FRPSDUH�PLFURELDO�FXOWXULQJ�DQG�YLUDO�VFUHHQLQJ�ZLWK�VHURORJ��E��(/,6$�ZLWK�
EORRG�PHWDJHQRPLF�VHTXHQFLQJ�DQG�VHTXHQFH�DQDO�VLV��,Q�EORRG�DJDU�PHGLD�FXOWXULQJ���
PLFUREHV����EDFWHULDO�DQG���IXQJXV���LQ�(/,6$�VFUHHQLQJ���YLUXVHV�DQG�LQ�PHWDJHQRPLF�
VHTXHQFH�DQDO�VLV����PLFUREHV�����EDFWHULD�DQG���IXQJXV����YLUXVHV����P�FRSODVPD��ZHUH�
GHWHFWHG�� 8QFXOWXUDEOH� EDFWHULD� DUH� DOVR� GHWHFWHG� E��PHWDJHQRPLF� VHTXHQFH� DQDO�VLV��
+HQFH�PHWDJHQRPLF�VHTXHQFH�DQDO�VLV�FDQ�EH�EHVW�DV�PHWKRG�IRU�HIIHFWLYH�GHWHFWLRQ�RI�
%6,�V�

.H�ZRUGV�� 0HWD� JHQRPLF� '1$� VHTXHQFH� DQDO�VLV�� 6�VWHPLF� LQIHFWLRQV�� 'LDO�VLV��
8QFXOWXUHG�%DFWHULD��%ORRG�LQIHFWLRQ�

�RZ�WR�FLWH�WKLV�DUWLFOH�

0RKDPPHG� 6KDNHHO�� $�OD� 6DQMD��� =DLQDE� .DXVDU� H�� DO�� %ORRG�0HWDJHQRPLF� 6HTXHQFH� $QDO�VLV� IRU� (YDOXDWLRQ� RI� &KURQLF�
6�VWHPLF�,QIHFWLRQV��-�0LFURELRO�5HODW�5HV�������������������

-RXUQDO�RI�0LFURELRORJ��DQG�5HODWHG�5HVHDUFK
9ROXPH����1XPEHU����-DQXDU����-XQH�����

'2,��KWWS���G[�GRL�RUJ����������MPUU������������������
2U����DO��UW�FO�

�XWKRU��IILOLDWLRQ�� �5HVHDUFK�6WXGHQW��'HSDUWPHQW�
RI� 0LFURELRORJ��� 0XPWD]� GHJUHH� DQG� 3*� &ROOHJH��
0DODNSHW��$IILOLDWHG�WR�2VPDQLD�8QLYHUVLW���+�GHUDEDG��
7HODQJDQD�� ���5HVHDUFK� 6WXGHQW�� 'HSDUWPHQW� RI�
0LFURELRORJ��� 1L]DP� &ROOHJH�� 2VPDQLD� 8QLYHUVLW��
+�GHUDEDG� �������� 7HODQJDQD�� �6HQLRU� $VVLVWDQW�
3URIHVVRU���+HDG��'HSDUWPHQW�RI�0LFURELRORJ���1L]DP�
&ROOHJH�� 2VPDQLD� 8QLYHUVLW�� +�GHUDEDG� ��������
7HODQJDQD��,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� &KDQG� 3DVKD�� 6HQLRU�
$VVLVWDQW� 3URIHVVRU� �� +HDG�� 'HSDUWPHQW� RI�
0LFURELRORJ��� 1L]DP� &ROOHJH�� 2VPDQLD� 8QLYHUVLW��
+�GHUDEDG���������7HODQJDQD��,QGLD�

(�PDLO��FSDVKD��#JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

,1752�8&7,21

&KURQLF� V�VWHPLF� LQIHFWLRQV� RU� %ORRG� 6WUHDP�
,QIHFWLRQV� DUH� OLIH�WKUHDWHQLQJ� DQG� DUH�

UHVSRQVLEOH� IRU� XS� WR� ���� RI� GHDWKV� ZRUOGZLGH�
�5XGG�H��DO���������7KH��DIIHFW�WKH�HQWLUH�ERG��UDWKHU�
than� being� localized� to� one� speci�c� area.� These�
LQIHFWLRQV�FDQ�SHUVLVW�IRU�PRQWKV�RU�HYHQ��HDUV��GXH�
WR� WKH� FDXVDWLYH� DJHQWV� VXFK� DV� EDFWHULD�� YLUXVHV��
IXQJXV��RU�SDUDVLWHV��3URPSW�DQG�WLPHO��GLDJQRVLV�
LV� HVVHQWLDO� IRU� HIIHFWLYH� DQG� WLPHO�� WUHDWPHQW��
&OLQLFDO� ODERUDWRULHV� DUH� FUXFLDO� LQ� FRQWUROOLQJ�
V�VWHPLF� LQIHFWLRXV� GLVHDVHV�� W�SLFDOO�� FRQGXFWLQJ�
PLFURVFRSLF� H[DPLQDWLRQV�� EORRG� FXOWXUHV�� EORRG�
ELRPDUNHUV� DQG� 1$$� DVVD�� �<X� H�� DO�� ������� 7KH�
OLPLWHG� GHWHFWLQJ� FDSDELOLWLHV� DQG� VHQVLWLYLW�� RI�
WKHVH� WHFKQLTXHV� FRQWULEXWH� WR� ORVV� LQ� LGHQWLI�LQJ�
pathogens�in�signi�cant�cases�(Forbes�JD�H��DO���������
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3DWLHQW� ZHLJKWHG� ��� NJ� EHIRUH� GLDO�VLV� DQG� DIWHU�
GLDO�VLV� ��NJ�� 1R� DEQRUPDOLWLHV� LQ� YLWDOV� OLNH� %3��
UHVSLUDWLRQ� UDWH�� SXOVH� DQG� WHPSHUDWXUH� ZHUH�
QRWHG� DQG� GLDJQRVHG� ZLWK� GLDEHWHV� PHOOLWXV�
SRVLWLYH�UHFHQWO���7KH�VWXG��ZDV�SHUPLWWHG�E��WKH�
LQVWLWXWLRQDO�HWKLFV�FRPPLWWHH��ZULWWHQ�FRQVHQW�ZDV�
WDNHQ� IURP� SDWLHQW� IRU� FOLQLFDO� UHVHDUFK�� 'XULQJ�
GLDO�VLV�HDUO����PO�%ORRG�ZDV�FROOHFWHG�DV�VDPSOH�

%DFWHULDO�LVRODWLRQ�DQG�JURZWK�FRQGLWLRQV

6DPSOHV

&XOWXUHG�WKH�EORRG�VDPSOH�RQ�WKH�EORRG�DJDU�E��
WKH�VSUHDG�SODWH�WHFKQLTXH�DQG�IXUWKHU�LQFXEDWHG�DW�
��R&�IRU����KRXUV�

&KDUDFWHUL�DWLRQ

0RUSKRORJ��� 7KH� FRORQ�� DQG� FHOOXODU�
PRUSKRORJ�� DIWHU� JUDP� VWDLQLQJ� ZDV� REVHUYHG�
XQGHU� PLFURVFRSH� DQG� IXUWKHU� ELRFKHPLFDO� WHVW�
were�performed�to�identify�the�speci�c�organism.

%LRFKHPLFDO� WHVW�� 7KH� IROORZLQJ� ELRFKHPLFDO�
WHVWV�ZHUH�SHUIRUPHG�WR�LGHQWLI��WKH�RUJDQLVPV�

&DWDODVH�WHVW��2[LGDVH�WHVW��&RDJXODVH�WHVW��,09L&�
7HVWV��%LOH�HVFXOLQ��*HUP�WXEH�

&DWDODVH� WHVW�� 8VHG� WR� GHWHFW� FDWDODVH� HQ]�PH�
presence� in� bacteria.� Positive� result� is� identi�ed�
E�� SURGXFLQJ� YLVLEOH� R[�JHQ� E�� EUHDNLQJ� GRZQ�
K�GURJHQ�SHUR[LGH�

2�LGDVH�WHVW��8VHG�WR�GHWHFW�F�WRFKURPH�F�R[LGDVH�
SUHVHQFH�� ,W� LV� WHVWHG� E�� UHDFWLQJ� RQ� 1�1�1�1��
WHWUDPHWK�O�S�SKHQ�OHQHGLDPLQH� GLK�GURFKORULGH�
VXEVWUDWH�

&RDJXODVH� WHVW�� 8VHG� WR� LGHQWLI�� RUJDQLVPV�
EDVHG� RQ� WKH� DELOLW�� WR� SURGXFH� FRDJXODVH�� WKH�
EDFWHULDO�VXVSHQVLRQV�DUH�PL[HG�LQ�SODVPD�WR�FKHFN�
IRU�FRDJXODVH�DFWLYLW��RI�FRDJXODWLQJ�SODVPD�

,QGROH�WHVW��8VHG�WR�WHVW�WKH�DELOLW��RI�EDFWHULD�WR�
SURGXFH�LQGROH�IURP�WU�SWRSKDQ�DPLQRDFLG�

0HWK�O�5HG�WHVW��'HWHFWV�WKH�SURGXFWLRQ�RI�DFLGV�
IURP�JOXFRVH�IHUPHQWDWLRQ�

9RJHV�3URVNDXHU� 7HVW�� 8VHG� WR� GHWHFW� WKH�
SUHVHQFH� RI� DFHWRLQ�� SURGXFHG�E�� IHUPHQWDWLRQ� RI�
JOXFRVH�LQ�EDFWHULDO�VSHFLHV�

&LWUDWH�8WLOL�DWLRQ�WHVW��8VHG�WR�WHVW�WKH�DELOLW��RI�
WKH�RUJDQLVP�WR�XVH�FLWUDWH�DV�ZKROH�FDUERQ�VRXUFH�

%LOH� HVFXOLQ�� 7KH� WHVW� XVHG� WR� LGHQWLI�� EDFWHULD�
EDVHG� RQ� WKHLU� DELOLW�� WR� K�GURO]�H� HVFXOLQ� LQ�
SUHVHQFH�RI�ELOH�

�HUP� WXEH�� 7HVW� XVHG� WR� GLIIHUHQWLDWH� EHWZHHQ�
FDQGLGD�VSHFLHV�

%6,V�FDQ�RULJLQDWH�IURP�YDULRXV�VRXUFHV��LQFOXGLQJ�
VXUJLFDO� LQFLVLRQV�� FDWKHWHU�UHODWHG�� OXQJ�� EORRG�
FRPLQJ�LQ�FRQWDFW�ZLWK�HTXLSPHQW�DQG�DWPRVSKHUH�
OLNH� GLDO�VLV� DQG� SHULWRQHDO� LQIHFWLRQV�� %ORRG�
FXOWXULQJ� LV� SULPDU�� WHFKQLTXH� IRU� GHWHFWLQJ� DQG�
LGHQWLI�LQJ�EDFWHULD�DQG� IXQJXV� LQ� VHSVLV��KHOSLQJ�
WR� RSWLPL]H� DQWLPLFURELDO� WUHDWPHQW� DQG� DVVHVV�
HIIHFWLYHQHVV� �*DUFLD� 5$� H�� DO�� ������� +RZHYHU��
LW� W�SLFDOO�� WDNHV� WZHQW��IRXU� KRXUV� DQG� JLYHV�
IDOVH� UHVXOWV� DV� SRVLWLYH� DQG� QHJDWLYH�� $� &XUUHQW�
FXOWXUH�PHWKRGV�LGHQWLI��RQO���������FDVHV�ZLWKLQ�
the� �rst� 2� days,� with� some� species� taking� up� to�
�ve� days� (Gupta� H�� DO�� ������ DQG� KDV� ORZHU��LHOG�
GHWHFWLQJ�RQO��FXOWXUDEOH�PLFURRUJDQLVPV��PLVVLQJ�
QRQFXOWXUDEOH�EDFWHULD�

,Q� UHFHQW� WLPHV�� PHWDJHQRPLF� VHTXHQFLQJ� KDYH�
gained�signi�cant�focus�on�detection�of�pathogens.�
0HWDJHQRPLF� VKRWJXQ� VHTXHQFLQJ� LV� FXOWXUH�
LQGHSHQGHQW� WHFKQLTXH� ZKLFK� DQDO�VHV� JHQHWLF�
PDWHULDO�LQ�VDPSOH�DQG�KDV�VKRZQ�SURPLVLQJ�UHVXOWV�
LQ� FOLQLFDO� SUDFWLFH� E�� GHWHFWLQJ� PLFURRUJDQLVPV�
XQGHWHFWHG�E��FRQYHQWLRQDO�WHVWV�DQG�E��LGHQWLI�LQJ�
SUHYLRXVO�� XQUHFRJQL]HG� SDWKRJHQV� �9LMD�YDUJL�D�
3� H�� DO�� 2019).� Since� the� �rst� use� of� metagenomic�
VHTXHQFH�IRU�GLDJQRVLQJ�D�SDWLHQW�LQ������VXIIHULQJ�
IURP� DQ� LQIHFWLRQ� �:LOVRQ� 05� H�� DO�� ������� WKLV�
LQQRYDWLYH�PHWKRG�KDV�SURJUHVVLYHO��DFFHSWHG�DQG�
LQFRUSRUDWHG�LQ�WKH�FOLQLFDO�SUDFWLFH��7KH�PDMRU�VWHSV�
RI� PHWDJHQRPLF� VHTXHQFH� LQYROYH� SUHSURFHVVLQJ�
RI� VDPSOH�� H[WUDFWLQJ� QXFOHLF� DFLG�� SUHSDUDWLRQ� RI�
OLEUDU��� VHTXHQFLQJ� DQG� ELRLQIRUPDWLFV� HYDOXDWLRQ�
�/L�1�H��DO���������,Q�SDWLHQWV�ZKR�DUH�KRVSLWDOL]HG�DQG�
DVVXPHG� RI� KDYLQJ� VHSVLV��PHWDJHQRPLF� VHTXHQFH�
RXWSHUIRUPHG� EORRG� FXOWXUH�� HVSHFLDOO�� LQ� WKRVH�
ZLWK�PRGHUDWH�V�PSWRPV��SULRU�WR�XVH�RI�DQWLELRWLFV�
DQG�HDUO��LQIHFWLRQ��=XR�<+�H��DO���������+RZHYHU��
PHWDJHQRPLF� VHTXHQFH� KDV� GUDZEDFNV� �/DP�� H��
DO�� ������ LQFOXGLQJ� FRPSOH[� VDPSOH� SUHSDUDWLRQ��
LQWHUIHUHQFH� IURP� KRVW� '1$� DQG� FXPEHUVRPH�
VHTXHQFLQJ�SURFHGXUHV�� ,W� LV� RQH�RI� WKH� SURPLVLQJ�
PHWKRGV� ZKLFK� GHWHFWV� SDWKRJHQV� IURP� FRPSOH[�
VDPSOHV�ZLWK�D�EURDG�VSHFWUXP��KLJK�VHQVLWLYLW��DQG�
PLQLPXP�WLPH��PDNLQJ�LW�HIIHFWLYH�WR�LGHQWLI��UDUH��
XQNQRZQ�DQG�DEQRUPDO�FDXVHV��7KH�FXUUHQW�VWXG��
DLPV� WR� DQDO�VH� DQG� IRU� FRPSDULQJ� WKH� UHVXOWV� RI�
PHWDJHQRPLF�VHTXHQFH�IRU�GHWHFWLQJ�RUJDQLVPV�QRW�
identi�ed�by�conventional�blood�culture�methods�in�
FKURQLF�V�VWHPLF�LQIHFWLRQV�RI�GLDO�VLV�SDWLHQWV�

0�7(5,�/6��1��0(7�2�6

3DWLHQW�DQG�VDPSOLQJ

The�male� patient� of� age� 40�with� �stula� for� the�
'LDO�VLV� ORFDWHG� DW� 'LDO�VLV� FHQWHU�� 9LNDUDEDG��

0RKDPPHG�6KDNHHO��$�OD�6DQMD���=DLQDE�.DXVDU��H��DO��%ORRG�0HWDJHQRPLF�6HTXHQFH�$QDO�VLV�IRU�
(YDOXDWLRQ�RI�&KURQLF�6�VWHPLF�,QIHFWLRQV
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��0RKDPPHG�6KDNHHO��$�OD�6DQMD���=DLQDE�.DXVDU��H��DO��%ORRG�0HWDJHQRPLF�6HTXHQFH�$QDO�VLV�IRU�
(YDOXDWLRQ�RI�&KURQLF�6�VWHPLF�,QIHFWLRQV

�QWLELRWLF�6HQVLWLYLW��DVVD�

7KH�$QWLELRWLF�VXVFHSWLELOLW��WHVW�ZDV�FDUULHG�RXW�RQ�
0XHOOHU�+LQWRQ�DJDU�SODWHV�DIWHU�VSUHDGLQJ���GLIIHUHQW�
EDFWHULDO� FXOWXUHV� DQG�SODFLQJ�+,0(',$�DQWLELRWLF�
GLVFV�� $PSLFLOOLQ�� &HSKDORVSRULQ�� 7HWUDF�FOLQH��
&DUEDSHQHP�� 0RQREDFWDP�� 6XOIRQDPLGH��
1LWURLPLGD]ROH�� 0DFUROLGH�� &KORUDPSKHQLFRO��
5LIDP�FLQ�� )OXRURTXLQRORQH�� &HIWD]LGLPH��
Elfamycin,� Cefepime,� Nor�oxacin,� Levo�oxacin,�
0HWKLFLOOLQ�� 6WUHSWRP�FLQ��$XJPHQWLQ��.DQDP�FLQ��
3HQFLOOLQ� �� *�� *HQWDP�FLQ� DQG� 9DQFRP�FLQ�
DQWLELRWLF� GLVFV� ZHUH� XVHG�� $XJPHQWLQ� DQWLELRWLF�
VROXWLRQ�ZDV�SUHSDUHG�E��DGGLQJ���PJ�$PR[LFLOOLQ�
LQ���PJ�SRWDVVLXP�FODYXODQDWH��WKH�:KDWPDQ�GLVFV�
ZHUH�VXVSHQGHG�LQ�VROXWLRQ�DQG�GULHG��3ODWHV�ZHUH�
LQFXEDWHG�RYHUQLJKW�DW���R&�DQG�]RQH�RI�LQKLELWLRQ�
ZHUH�PHDVXUHG�LQ�PP�

9LUDO�VFUHHQLQJ�E��(/,6�

%ORRG� VDPSOH� IRU� +,9��+%9� DQG� +&9� YLUXVHV�
ZHUH�VFUHHQHG�E��(/,6$��0D�H��DO���������

,VRODWLRQ�RI��1�

7KH�FROOHFWHG�EORRG�VDPSOH�RI�WKH�GLDO�VLV�SDWLHQW�
ZDV�XQGHUJRQH������USP�FHQWULIXJDWLRQ�IRU���PLQXWHV�
DQG� WKH� VXSHUQDWDQW� ZDV� FROOHFWHG� LQ� WKH� VWHULOH�
(SSHQGRUI��6XSHUQDWDQW��&RQWDLQLQJ�PLFURELDO�FHOOV�
DQG�FHOO�IUHH�'1$��IUHH�RI�DOO�KXPDQ�FHOOV��ZDV�XVHG�
IRU�JHQRPLF�'1$�LVRODWLRQ�XVLQJ�4,$DPS�%,2VWLF�
�4,$*(1�*HUPDQ���*HQRPLF� '1$� LVRODWLRQ� NLWV�
DV�SHU�PDQXIDFWXUHU�V�LQVWUXFWLRQV�

/LEUDU�� SUHSDUDWLRQ� DQG� PHWDJHQRPLF�
VHTXHQFLQJ

/LEUDU�� SUHSDUDWLRQ� ZDV� FDUULHG� RXW� E��
XVLQJ� 1H[WHUD� ;7� '1$� /LEUDU�� SUHSDUDWLRQ� NLW�

�,OOXPLQD�� 86$��� '1$� ZDV� SUHSDUHG�� SDUWLDO�
FOHDYHG� DQG� WDJJHG� XVLQJ� WKH� S8&��� SODVPLG�
ZLWKLQ� WKH�1H[WHUD�;7�.LW� �0RJKQLD� H�� DO��� �������
6HSDUDWH� DGDSWHUV� ZHUH� DVVLJQHG� WR� HDFK� VDPSOH�
IRU� ODEHOOLQJ� SXUSRVHV�� $� ���F�FOH� 3&5� UHDFWLRQ�
ZDV� FRQGXFWHG� WR� DPSOLI�� '1$� IUDJPHQWV��
LQFRUSRUDWLQJ� S8&��� SULPHUV� DQG� LQGLFHV� IRU�
GXDO�LQGH[HG� VHTXHQFLQJ� RI� SRROHG� OLEUDULHV��
6XEVHTXHQW�WR�VDPSOH�QRUPDOL]DWLRQ��SRROLQJ�ZDV�
FDUULHG�RXW��IROORZHG�E������EDVH�SDLUHG�HQG�UHDGV�
VHTXHQFLQJ�RQ�WKH�,OOXPLQD��1RYDVHT�����������3(�
LQVWUXPHQW� �0RJKQLD� H�� DO��� �������$OO� VWHSV�� IURP�
SUHSDUDWLRQ� WR�VHTXHQFLQJ��DGKHUHG�VWULFWO�� WR�WKH�
PDQXIDFWXUHU�V�LQVWUXFWLRQV�

Organism�Identi�cation

7KH� REWDLQHG� QXFOHRWLGH� VHTXHQFHV� IURP�
metagenomic� sequencing� were� identi�ed� in� the�
1&%,� SRUWDO� E�� UXQQLQJ� %/$67Q� �&KHQ� <� H�� DO���
������

6WDWLVWLFDO��QDO�VLV

([SHULPHQWV� ZHUH� UHSHDWHG� WKULFH� LQ� WULSOLFDWH�
�Q ��� DQG� YDOXH� ZLWK� VWDQGDUG� GHYLDWLRQ� LV�
SUHVHQWHG�

5(68/76

7KH�EDFWHULDO�FXOWXUHV�LVRODWHG� IURP�WKH�GLDO�VLV�
patient� blood� samples� were� identi�ed� by� colony�
PRUSKRORJ��� 0LFURVFRS�� DQG� ELRFKHPLFDO� WHVWV�
DV� 3VH�GRPR�DV� DHU�JL�RVD�� 6DOPR�HOOD� H��HULFD�
VHURYDU�� 6�DSK�ORFRFF�V� D�UH�V�� �DFLOO�V� SDUD��KUDFLV��
�VFKHULFKLD� FROL�� 6�UHS�RFRFF�V� S�RJH�HV�DQG�&D�GLGD�
G�EOL�LH�VLV��7DEOH���

7DEOH����0RUSKRORJLFDO��0LFURVFRSLF�DQG�%LRFKHPLFDO�UHVXOWV�RI�LVRODWHG�RUJDQLVPV

6�1R 2UJDQLVP &RORQ��PRUSKRORJ� 0LFURVFRS� %LRFKHPLFDO�7HVWV

�� 3VH�GRPR�DV�DHU�JL�RVD
5RXQG�ZLWK�D�IOXRUHVFHQW�

JUHHQLVK�FRORXU
*UDP�QHJDWLYH 2[LGDVH�SRVLWLYH��&DWDODVH�SRVLWLYH

��
6DOPR�HOOD�H��HULFD�VHURYDU�
��SKL

5RG�VKDSHG�
HQWHUREDFWHULXP

*UDP��QHJDWLYH %ODFNHQLQJ�LQ��+
�
6�SURGXFWLRQ��76,�DJDU

�� 6�DSK�ORFRFF�V�D�UH�V &LUFXODU��VPRRWK��FRQYH[ *UDP�SRVLWLYH %HWD�KHPRO�VLV�SRVLWLYH

�� �DFLOO�V�SDUD��KUDFLV &LUFXODU�FRORQLHV *UDP��SRVLWLYH 9RJHV�3URVNDXHU�7HVW�SRVLWLYH�

�� �VFKHULFKLD�FROL 5RXJK�RU�D�VPRRWK *UDP��QHJDWLYH ,09L&�����

�� 6�UHS�RFRFF�V�S�RJH�HV 'RPH�VKDSHG��VPRRWK� *UDP��SRVLWLYH %LOH�HVFXOLQ�QHJDWLYH

�� &D�GLGD�G�EOL�LH�VLV 'DUN�JUHHQ *UDP�SRVLWLYH JHUP�WXEH�SRVLWLYH

�QWLELRWLF�VXVFHSWLELOLW��DVVD��

$OO�VHYHQ�FXOWXUHG�PLFUREHV�ZHUH�IRXQG�WR�EH�UHVLVWDQW�WR�PDMRULW��RI�DQWLELRWLFV�WHVWHG�
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7DEOH����$QWLELRWLF�VXVFHSWLELOLW��DVVD��RI�LVRODWHG�RUJDQLVPV�DJDLQVW�YDULRXV�DQWLELRWLFV�DQG�]RQH�RI�LQKLELWLRQV��PP�

�QWLELRWLFV
3VHXGRPRQDV�
DHUXJLQRVD

�PP�

6DOPRQHOOD�
HQWHULFD�
VHURYDU�
W�SKL
��PP�

6WDSK�ORFRFFXV�
DXUHXV
�PP�

%DFLOOXV�
SDUDQWKUDFLV

�PP�

(VFKHULFKLD�
FROL
�PP�

6WUHSWRFRFFXV�
S�RJHQHV
�PP�

&DQGLGD�
GXEOLQLHQVLV

�PP�

$PSLFLOOLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“��� ��“���

&HSKDORVSRULQ ��“���� ��“���� ��“���� ��“���� ��“��� ��“��� ��“���

0DFUROLGH ��“���� ��“��� ��“��� ��“��� ��“��� ��“���� ��“����

0RQREDFWDP ��“��� ��“��� ��“���� ��“��� ��“��� ��“���� ��“����

&DUEDSHQHP ��“��� ��“���� ��“����� ��“���� ��“���� ��“���� ��“����

6XOIRQDPLGH ��“����� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

1LWURLPLGD]ROH ��“���� ��“���� ��“���� ��“���� ��“����� ��“���� ��“����

5LIDP�FLQ ��“���� ��“���� ��“���� ��“��� ��“��� ��“��� ��“���

)OXRURTXLQRORQH ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

(OIDP�FLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

&HIWD]LGLPH ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

&HIHSLPH ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

1RUIOR[DFLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

/HYRIOR[DFLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

&KORUDPSKHQLFRO ��“���� ��“���� ��“��� ��“���� ��“���� ��“���� ��“����

7HWUDF�FOLQH ��“���� ��“����� ��“���� ��“���� ��“���� ��“���� ��“�����

6WUHSWRP�FLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

$XJPHQWLQ�
�$PR[LFLOOLQ�
��3RWDVVLXP�
&ODYXODQDWH�

��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

.DQDP�FLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

3HQFLOOLQ���* ��“���� ��“��� ��“���� ��“���� ��“���� ��“���� ��“����

*HQWDP�FLQ ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

9DQFRP�FLQ� ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

0HWKLFLOOLQ� ��“���� ��“���� ��“���� ��“���� ��“���� ��“���� ��“����

6HYHQ� EDFWHULDO� LVRODWHV� ZHUH� WHVWHG� IRU�
DQWLELRWLF� VXVFHSWLELOLW�� DJDLQVW� ��� DQWLELRWLFV��
3VH�GRPR�DV� DHU�JL�RVD� ZDV� VHQVLWLYH� WR�
Carbapenem,� �uoroquinolone,� ceftazidime.�
6DOPR�HOOD� H��HULFD� VHURYDU� ��SKL� ZDV� VHQVLWLYH� WR�
FKORUDPSKHQLFRO��6�DSK�ORFRFF�V�D�UH�V�ZDV�IRXQG�
WR�EH�VHQVLWLYH�IRU�&HSKDORVSRULQ�DQG�YDQFRP�FLQ��
&KORUDPSKHQLFRO�� 7HWUDF�FOLQH�� *HQWDP�FLQ�
DQG� 9DQFRP�FLQ� ZHUH� HIIHFWLYH� DJDLQVW� �DFLOO�V�
SDUD��KUDFLV�� ��� FROL� EDFWHULD� ZDV� VHQVLWLYH� WR�
&HSKDORVSRULQ�� FDUEDSHQHP� DQG� YDQFRP�FLQ��
6�� S�RJH�HV� ZDV� VHQVLWLYH� WR� &HSKDORVSRULQ� DQG�
PDFUROLGH�� &D�GLGD� G�EOL�LH�VLV� ZDV� UHVLVWDQW� WR�
DOO� DQWLELRWLFV� WHVWHG�� $OO� EDFWHULD� ZHUH� UHVLVWDQW�
WR� $PSLFLOOOLQ�� 0RQREDFWDP�� 6XOGRQDPLGH��
1LWURLPLGD]ROH��5LIDP�FLQ��(OIDP�FLQ��&HIHSLPH��
$XJPHQWLQ��3HQFLOOLQ�*�DQG�0HWKLFLOOLQ�

9LUDO�VFUHHQLQJ�E��(/,6�

9LUDO�6HURORJLFDO�VFUHHQLQJ�E��(/,6$�WHVWLQJ�IRU��
+,9��+E6$J��DQG�+&9�ZHUH�QRW�UHDFWLYH�

0HWD� JHQRPLF� VHTXHQFLQJ� 2UJDQLVP�
identi�cation

:LWK�PHWDJHQRPLF�VHTXHQFLQJ����EDFWHULD�DQG�
�� IXQJXV�� �� YLUXVHV�� ��P�FRSODVPD� FRQVLVWLQJ� RI�
24� organism� sequences� were� identi�ed� (Table�
3).�Only�4�Un�culturable�bacteria�were� identi�ed�
EXW� RQ�EORRG�DJDU� RQO�� �� EDFWHULD�ZHUH� LVRODWHG��
2XW�RI����EDFWHULD���DUH�XQFXOWXUDEOH�KHQFH����DUH�
FXOWXUDEOH�� %XW� RQO�� �� EDFWHULD� DUH� JURZLQJ� RQ�
EORRG�DJDU� LQ� ODE� FRQGLWLRQV��5HPDLQLQJ�EDFWHULD�
FDQ� EH� JURZQ� E�� FKDQJLQJ� PHGLD� RU� JURZWK�
FRQGLWLRQV�

0RKDPPHG�6KDNHHO��$�OD�6DQMD���=DLQDE�.DXVDU��H��DO��%ORRG�0HWDJHQRPLF�6HTXHQFH�$QDO�VLV�IRU�
(YDOXDWLRQ�RI�&KURQLF�6�VWHPLF�,QIHFWLRQV
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��0RKDPPHG�6KDNHHO��$�OD�6DQMD���=DLQDE�.DXVDU��H��DO��%ORRG�0HWDJHQRPLF�6HTXHQFH�$QDO�VLV�IRU�
(YDOXDWLRQ�RI�&KURQLF�6�VWHPLF�,QIHFWLRQV

7DEOH����2UJDQLVPV�LGHQWLILHG�E��PHWDJHQRPLF�VHTXHQFLQJ�DQG�
W�SH�RI�RUJDQLVP

2UJDQLVP�LGHQWLILHG�E��P1*6 2UJDQLVP�W�SH

6$56�&RY�� 9LUXV

3VH�GRPR�DV�DHU�JL�RVD %DFWHULD

&RU��HEDF�HUL�P�SVH�GRNURSSH�V�HG�LL %DFWHULD

6KLJHOOD�IOH��HUL�DHUREDF�L� %DFWHULD

6DOPR�HOOD�H��HULFD�V�EVS��H��HULFD�
VHURYDU

%DFWHULD

6�DSK�ORFRFF�V�D�UH�V %DFWHULD

�DFLOO�V�SDUD��KUDFLV %DFWHULD

�VFKHULFKLD�FROL %DFWHULD

6�UHS�RFRFF�V�S�RJH�HV� %DFWHULD

+HSDWLWLV�&�YLUXV 9LUXV

8QFXOWXUHG�&L�UREDF�HU�VS 8QFXOWXUHG�%DFWHULD

XQFXOWXUHG��LUPLF��HV�EDFWHULXP 8QFXOWXUHG�%DFWHULD

XQFXOWXUHG�EDFWHULXP 8QFXOWXUHG�%DFWHULD

&D�GRYLULFH�HV�VS� 9LUXV

&D�GLGD��V����HUR�VLD�
L��HV�L�LJDOOL�DU�P

%DFWHULD

XQFXOWXUHG�EDFWHULD 8QFXOWXUHG�%DFWHULD

0�FREDF�HUL�P���EHUF�ORVLV %DFWHULD

&D�GLGD�G�EOL�LH�VLV )XQJXV

0�FRSODVPD�FR�M��F�LYDH 0�FRSODVPD

��UNKROGHULD�SVH�GRPDOOHL %DFWHULD

9HLOORQHOOD�SDUYXOD %DFWHULD

���HURFRFF�V�IDHFL�P %DFWHULD

0RUD�HOOD�RVORH�VLV %DFWHULD

&R�LHOOD�E�U�H�LL %DFWHULD

�,6&866,21

,Q� UHFHQW� DGYDQFHV�� EORRG� PHWDJHQRPLFV�
VHTXHQFLQJ� KDV� EHHQ� LQWURGXFHG� DV� DQ� HIIHFWLYH�
PHWKRG�IRU�GHWHFWLQJ�V�VWHPLF�LQIHFWLRXV�RUJDQLVPV��
7KLV� VWXG�� XVHG� GLDO�VLV� SDWLHQW� EORRG� VDPSOH�
WR� LGHQWLI�� SDWKRJHQV� FDXVLQJ� %6,V�� FRPSDULQJ�
WKH� UHVXOW� ZLWK� EORRG� FXOWXUHV� DQG� (/,6$�
YLUDO� VFUHHQLQJ�� 3HULWRQHDO� GLDO�VLV�DVVRFLDWHG�
SHULWRQLWLV� �3'$3��D�FRPSOLFDWHG� LVVXH� LQ�GLDO�VLV�
IRU� SHULWRQHXP� WKDW� FDQ� LPSDFW� WUHDWPHQW� DQG�
HQGDQJHU�SDWLHQW� OLYHV�� ,WV� RFFXUUHQFH� LV� OLQNHG� WR�
factors�like�improper��uid�replacement;�infections�
UHODWHG�WR�FDWKHWHU��LQWHVWLQDO�EDFWHULD�GLVSODFHPHQW�
DQG� UHGXFHG� IXQFWLRQ� RI� SHULWRQHXP� �*XR� H�� DO��
�������$GGLWLRQDOO���KLJK�ULVN�SURFHGXUHV�WKDW�PD��
OHDG� WR� SHULWRQLWLV� DUH� FRPPRQ�� ,Q� FXUUHQW� VWXG���
LQYHVWLJDWHG�V�VWHPLF�LQIHFWLRQV�LQ�GLDO�VLV�SDWLHQW��
8VLQJ�PHWDJHQRPLFV�VHTXHQFLQJ����PLFUREHV�ZHUH�
identi�ed,�while�the�blood�culture�method�detected�
RQO���PLFUREHV�DQG���YLUXVHV�E��(/,6$�VFUHHQLQJ��

Through�this,�our��ndings�show�that�metagenomics�
VHTXHQFLQJ� RXWSHUIRUPV� FRQYHQWLRQDO� WHVWV� LQ�
GHWHFWLQJ� V�VWHPLF� SDWKRJHQV�� ,W� LV� GHPRQVWUDWHG�
WKDW�PHWDJHQRPLFV� VHTXHQFLQJ� KDV� KLJKHU� UDWH� RI�
GHWHFWLRQ��JUHDWHU�VHQVLWLYLW��DQG�D�ZLGHU�UDQJH�RI�
GHWHFWLQJ�SDWKRJHQV�ZKHQ�FRPSDULVRQ�ZLWK�EORRG�
FXOWXUHV� DQG� (/,6$�� ,Q� FOLQLFDO� SUDFWLFH�� EORRG� LV�
D� FRPPRQO�� XVHG� VDPSOH� VRXUFH� IRU� FXOWXULQJ�
WR� GHWHFW� V�VWHPLF� LQIHFWLRQV� EXW� PHWDJHQRPLFV�
VHTXHQFLQJ� LV� JHWWLQJ� D�PRPHQWXP� QRZ�� 6WXGLHV�
VKRZ� XVDJH� RI� KXPDQ� EORRG� VDPSOHV� IRU� PHWD�
JHQRPLF� DQDO�VLV� LQ� FOLQLFDO� GLDJQRVLV� �<X� H�� DO��
������4LDQ�H��DO��������0RUDJXHV�6RODQDV�H��DO��������
/X�H��DO��������

7KH�VWXG��FRQGXFWHG�E��/X�H��DO���������IRXQG�WKDW�
metagenomics� sequencing� identi�ed� 67� out� of� 79�
SDWLHQWV�ZLWK�SRVLWLYH�UHVXOWV��ZKHUHDV�FRQYHQWLRQDO�
WHVWV� RQO�� GHWHFWHG� ��� SRVLWLYH� FDVHV�� ,Q� DQRWKHU�
VWXG�� E�� *XR� H�� DO�� ������� VKRZHG� PHWDJHQRPLF�
VHTXHQFLQJ�GHWHFWHG����SDWKRJHQV��ZKLFK�ZHUH����
EDFWHULD�� �� IXQJXV� DQG� �� YLUXVHV�� ZKLOH� EDFWHULDO�
blood� culture� identi�ed� 10� pathogens� (9� bacteria�
DQG� �� IXQJXV�� DQG� VWXGLHV� E�� *HQJ� H�� DO�� �������
UHSRUWHG� ��� SRVLWLYH� FDVHV� RI� VDPSOHV� RXW� RI� ���
while� only� �ve� were� reported� in� blood� culture,�
ZKHUHDV�RXU�VWXG��FRQFOXGHV�D�WRWDO�RI����PLFUREHV�
ZHUH�GHWHFWHG�E��PHWDJHQRPLF� VHTXHQFH� DQDO�VLV�
DQG� �� EDFWHULD� DQG� �� IXQJXV� E�� EORRG� FXOWXUH��
7KLV� LQGLFDWHV� WKDW�PHWDJHQRPLFV� VHTXHQFLQJ� KDV�
signi�cant� positive� rate� of� detection� compared� to�
WUDGLWLRQDO�WHFKQLTXHV�

'1$� ZDV� H[WUDFWHG� IURP� EORRG� E�� F'1$�
SUHSDUDWLRQ� �<X� H�� DO�� ������ DQG� /LX� H�� DO�� ��������
7KH� LPSURYHG� '1$� H[WUDFWLRQ� SURFHGXUH� RI�
EORRG�VDPSOHV�SUHVHUYHG�EDFWHULDO�'1$�DW�FOLQLFDO�
signi�cant� amount� (Moragues-Solanas� H�� DO�� ������
DQG� VLPLODU� UHVXOWV� ZHUH� REVHUYHG� LQ� SUHVHQW�
VWXG��� 7KH� EORRG� VDPSOHV� ZHUH� LQGXVHG� ZLWK�
IRXU� SULPDU�� VSHFLHV� UHVSRQVLEOH� IRU� %6,� ZHUH�
�VFKHULFKLD� FROL�� 6�DSK�ORFRFF�V� D�UH�V�� .OHEVLHOOD�
S�H�PR�LDH� D�G� ���HURFRFF�V� IDHFDOLV� LQ� WKH� VWXGLHV�
RI� 0RUDJXHV�6RODQDV� H�� DO�� �������� .�� S�H�PR�LDH��
��� IDHFL�P�� 3VH�GRPR�DV� DHU�JL�RVD� ZHUH� GHWHFWHG�
LQ�VWXGLHV�RI�<X�H��DO���������ZKHUHDV�LQ�RXU�VWXG��
a�total�of�24�species�were� identi�ed,�few�of�which�
ZHUH�VDPH�DV�LQ�SUHYLRXV�VWXGLHV��&D�GLGD�DOELFD�V�
was�also�identi�ed�in�the�studies�of�Lu�H��DO���������
DORQJ� ZLWK� EDFWHULD�� :KHUHDV� LQ� SUHVHQW� VWXG��
IRXQG� &D�GLGD� G�EOL�LH�VLV� DORQJ� ZLWK� EDFWHULD��
*HQJ�H��DO���������UHSRUWHG��FL�H�REDF�HU�ED�PD��LL��
6��D�UH�V��.��S�H�PR�LDH�DQG�&D�GLGD�� -HURPH� H��DO��
������� VWXGLHG� WKH� SDWLHQWV� ZKR� ZHUH� GLDJQRVHG�
ZLWK�KHSDWLWLV�VSS��ZKLOH�LQ�RXU�VWXGLHV�+HSDWLWLV�&�
YLUXV�ZDV�GLDJQRVHG�E��PHWDJHQRPLFV�VHTXHQFLQJ�
HYHQ� LW� LV� VHURORJLFDOO�� QHJDWLYH�� 7KH� VDPSOHV�
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ZHUH� WHVWHG� SRVLWLYH� IRU�+,9� YLUXV� E�� 6RPDVHNDU�
H�� DO�� ��������*UXQG�� H�� DO�� ������� UHSRUWHG�&R�LHOOD�
VSS��� 0�� ��EHUF�ORVLV�� 6DOPR�HOOD� VSS��� 6�� D�UH�V�� 3��
DHU�JL�RVD�� .�� S�H�PR�LDH�� ��� FROL��+,9�� +HSDWLWLV�
%� YLUXV�� +HSDWLWLV� (� YLUXV� ZKLOH� LQ� WKH� FXUUHQW�
VWXG�� 6DOPR�HOOD� H��HULFD� V�EVS�� H��HULFD� VHURYDU��
3VH�GRPR�DV� DHU�JL�RVD�� 6�DSK�ORFRFF�V� D�UH�V��
�VFKHULFKLD� FROL�� +HSDWLWLV� &� YLUXV�� 0�FREDF�HUL�P�
��EHUF�ORVLV��&R�LHOOD�E�U�H�LL�ZHUH�UHSRUWHG��6WXGHV�
E�� -HURPH� H�� DO�� ������� RWKHU� VWUDLQV� GLDJQRVHG�
ZHUH� 'HQJXH� YLUXV�� &KLNXQJXQ�D� YLUXV�� PXPSV�
YLUXV�� (EROD� YLUXV�� KXPDQ� SHJLYLUXV�� 3ODVPRGL�P�
IDOFLSDU�P�� 3ODVPRGL�P� PDODULDH� ZKHUHDV� LQ� RXU�
VWXG��WKH�RWKHU�PLFUREHV�GHWHFWHG�ZHUH����HURFRFF�V�
IDHFL�P�� 0�FRSODVPD� FR�M��F�LYDH�� &RU��HEDF�HUL�P�
SVH�GRNURSSH�V�HG�LL�� 6$56� &R9���� 6KLJHOOD�
�exneri� aerobactin,� Veillonella� parvula,� Burkholderia�
SVH�GRPDOOHL�� 1LH� H�� DO�������� UHFRPPHQGV�
PHWDJHQRPLFV� VHTXHQFLQJ� WR� SDWLHQWV� ZLWK�
3HULWRQHDO�GLDO�VLV��LQ�SDWLHQWV�ZKR�KDYH�SUHYLRXVO��
EHHQ�WUHDWHG�ZLWK�DQWLELRWLFV��)RU�LQGLYLGXDOV�ZKR�
KDYH� QRW� XQGHUJRQH� WUHDWPHQW� ZLWK� DQWLELRWLFV��
PHWDJHQRPLF� VHTXHQFLQJ� DQG� FXOWXUH� WHFKQLTXHV�
FDQ� EH� XVHG� WRJHWKHU� IRU� GHWHFWLRQ� RI� SDWKRJHQV��
7KH�SRVLWLYLW��UDWH�ZDV����ZLWK�WKH�FXOWXUH�PHWKRG�
DQG�����ZLWK�PHWDJHQRPLFV�VHTXHQFLQJ��VKRZLQJ�
a�signi�cant�difference�between� the�two�methods.�
9LUXVHV�DUH�QRW�GHWHFWHG�E��FXOWXULQJ�DQG�VHURORJ��
PHWKRGV�KHQFH�PHWDJHQRPLF�VHTXHQFLQJ�LV�WKH�EHVW�
FKRLFH�RI�GLDJQRVLV�

��PPDU�

7R� D� GLDO�VLV� SDWLHQW� ZLWK� V�VWHPLF� LQIHFWLRQV��
FRPSDUHG�PLFURELDO� FXOWXULQJ�DQG� YLUDO� VFUHHQLQJ�
ZLWK� (/,6$�ZLWK� EORRG�PHWDJHQRPLF� VHTXHQFLQJ�
DQG� VHTXHQFH� DQDO�VLV� IRU� GLDJQRVLV� RI� LQIHFWLYH�
PLFUREH��,Q�EORRG�DJDU�PHGLD�FXOWXULQJ����PLFUREHV�
���EDFWHULD�DQG���IXQJXV���LQ�VHURORJ��E��(/,6$����
YLUXVHV� DQG� LQ� PHWD� JHQRPLF� VHTXHQFH� DQDO�VLV�
���SDWKRJHQV�����EDFWHULD�DQG���IXQJXV����YLUXVHV��
�� P�FRSODVPD�� ZHUH� GLDJQRVHG�� �� XQFXOWXUDEOH�
EDFWHULD�ZHUH�DOVR�GLDJQRVHG��+HQFH�PHWDJHQRPLF�
VHTXHQFH�DQDO�VLV�FDQ�EH�RQH�RI� WKH�EHVW�PHWKRGV�
IRU�HIIHFWLYH�GHWHFWLRQ�RI�%6,�V�

5()(5(1&(6

��� &KHQ��<���<H��:���=KDQJ��<�����;X��<�� ��������
+LJK� VSHHG� %/$671�� DQ� DFFHOHUDWHG�
0HJD%/$67� VHDUFK� WRRO�� 1XF� DFL� UHV�� ��������
����������� GRL�� KWWSV���GRL�RUJ���������QDU�
JNY����

��� )RUEHV��-��'���.QR[��1��&���5RQKROP��-���3DJRWWR��
)�����5HLPHU��$����������0HWDJHQRPLFV��WKH�QH[W�

FXOWXUH�LQGHSHQGHQW� JDPH� FKDQJHU�� )URQW��
0LFURE�����������GRL��KWWSV���GRL�RUJ���������
IPLFE������������

��� *DQ�� 6�� '��� �� 3DWHO�� .�� 5�� �������� (Q]�PH�
LPPXQRDVVD�� DQG� HQ]�PH�OLQNHG�
LPPXQRVRUEHQW�DVVD���-RX�RI�,QY�'HUP����������
����GRL��KWWSV���GRL�RUJ���������MLG���������

��� *DUFLD��5��$���6SLW]HU��(��'���%HDXGU���-���%HFN��&���
'LEODVL��5���*LOOHHQ��%ODEDF��0�����7RUUHJURVD��
(�� �������� 0XOWLGLVFLSOLQDU�� WHDP� UHYLHZ� RI�
EHVW� SUDFWLFHV� IRU� FROOHFWLRQ� DQG� KDQGOLQJ�
RI� EORRG� FXOWXUHV� WR� GHWHUPLQH� HIIHFWLYH�
LQWHUYHQWLRQV� IRU� LQFUHDVLQJ� WKH��LHOG�RI� WUXH�
SRVLWLYH� EDFWHUHPLDV�� UHGXFLQJ� FRQWDPLQDWLRQ�
DQG� HOLPLQDWLQJ� IDOVH�SRVLWLYH� FHQWUDO� OLQH�
DVVRFLDWHG� EORRGVWUHDP� LQIHFWLRQV�� $PHU�� -��
LQI�� &RQW��� �������� ����������GRL�� KWWSV���GRL�
RUJ���������M�DMLF�������������

��� *HQJ��6���0HL��4���=KX��&���)DQJ��;���<DQJ��7���
=KDQJ�� /��� ���� �� 3DQ�� $�� ��������0HWDJHQRPLF�
QH[W�JHQHUDWLRQ� VHTXHQFLQJ� WHFKQRORJ�� IRU�
GHWHFWLRQ� RI� SDWKRJHQV� LQ� EORRG� RI� FULWLFDOO��
LOO� SDWLHQWV�� ,QW�� -�� ,QI�� 'LVH��� ����� ������GRL��
KWWSV���GRL�RUJ���������M�LMLG�������������

��� *UXQG��� %�� 6��� 3DULNK�� +��� -DFRE�� 6��� %DQXUD��
3���0RRUH��&��&���/LX��-�����+RXSW��(��5����������
3DWKRJHQ� GHWHFWLRQ� XVLQJ�PHWDJHQRPLF� QH[W�
JHQHUDWLRQ�VHTXHQFLQJ�RI�SODVPD�VDPSOHV�IURP�
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