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� �

7HFKQLFDO�%XOOHWLQ��'HWHFWLRQ�RI�6KLJD�7R[LQ�3URGXFLQJ�
Escherichia coli �67(&��IURP�)ORXU�8VLQJ�WKH�%$;��6\VWHP�
5HDO�7LPH�3&5�$VVD\V�
�
$Q�LQGHSHQGHQW�YDOLGDWLRQ�VWXG\�ZDV�FRQGXFWHG�LQ�FROODERUDWLRQ�ZLWK�DQ�H[WHUQDO�WHVWLQJ�
ODERUDWRU\�WR�DVVHVV�WKH�DELOLW\�RI�WKH�%$;��6\VWHP�5HDO�7LPH�3&5�$VVD\V�IRU�E. coli�2����+���
67(&�3DQHO���DQG�67(&�6FUHHQLQJ�WR�GHWHFW�VKLJD�WR[LQ�SURGXFLQJ�E. coli 2����+��DQG�2����
LQ�IORXU��6DPSOHV�WHVWHG�LQ�WKLV�VWXG\�ZHUH�DUWLILFLDOO\�LQRFXODWHG�DW�OHYHOV�H[SHFWHG�WR�SURGXFH�
ORZ��������&)8�WHVW�SRUWLRQ��DQG�KLJK����&)8�WHVW�SRUWLRQ��VSLNH�OHYHOV�DIWHU�D���ZHHN�
HTXLOLEUDWLRQ�DW�URRP�WHPSHUDWXUH��8QSDLUHG�VDPSOHV�ZHUH�VLPXOWDQHRXVO\�DQDO\]HG�ZLWK�WKH�
%$;��6\VWHP�PHWKRG�DQG�WKH�8QLWHG�6WDWHV�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ¶V�UHIHUHQFH�PHWKRG��
)RU�ERWK�2����+��DQG�2�����WKH�%$;��6\VWHP�PHWKRG�GHPRQVWUDWHG�HTXLYDOHQW�SHUIRUPDQFH�
WR�WKH�UHIHUHQFH�PHWKRG�

� �

,QWURGXFWLRQ�
)ORXU�LV�D�ORZ�PRLVWXUH�DJULFXOWXUDO�
LQJUHGLHQW�W\SLFDOO\�VROG�ZLWKRXW�D�KHDW�
WUHDWPHQW�VWHS�WR�NLOO�RU�LQDFWLYDWH�EDFWHULD��,I�
SUHVHQW��EDFWHULD�FDQ�EH�UHQGHUHG�KDUPOHVV�
E\�IXUWKHU�SURFHVVLQJ�WR�FUHDWH�EDNHG�JRRGV�
DQG�RWKHU�FRRNHG�SURGXFWV��,Q�������UDZ�
IORXU�HPHUJHG�DV�D�³QHZ´�SRWHQWLDO�FDUULHU�
IRU�SDWKRJHQV�DIWHU�D�ODUJH�PXOWLVWDWH�
RXWEUHDN�RI�E. coli�2����+��LQ�XQFRRNHG�
UHIULJHUDWHG�FRRNLH�GRXJK������7KHQ�LQ�������
IORXU�DQG�IORXU�FRQWDLQLQJ�PL[HV�ZHUH�
LPSOLFDWHG�DIWHU�LQIHFWLQJ����SHRSOH�ZLWK�WKH�
RXWEUHDN�VWUDLQV�E. coli�2����DQG�2��������
3ULRU�WR�WKHVH�RXWEUHDNV��IORXU�KDV�QRW�EHHQ�
D�PDMRU�IRRG�VDIHW\�FRQFHUQ�EXW�VLQFH�
FRQVXPHUV�ZLOO�RIWHQ�HDW�UDZ�GRXJK�DQG�
FDNH�EDWWHUV�WKDW�SRWHQWLDOO\�FRQWDLQ�WKHVH�
SDWKRJHQV��GHWHFWLRQ�PHWKRGV�DUH�QHHGHG���
�
6DPSOH�3UHSDUDWLRQ�DQG�(QULFKPHQW�
7ZR�RYHUQLJKW�FXOWXUHV�RI�VKLJD�WR[LQ�
SURGXFLQJ�E. coli��VHURW\SH�2����+��DQG�
2����ZHUH�VHULDOO\�GLOXWHG�DQG�HQXPHUDWHG�
LQ�SUHSDUDWLRQ�WR�LQRFXODWH�XQEOHDFKHG�DOO�
SXUSRVH�IORXU��)RU�HDFK�WDUJHW�RUJDQLVP��
IORXU�ZDV�GLYLGHG�LQWR����J�WHVW�SRUWLRQV�WR�
FRPSDUH�WKH�%$;��6\VWHP�PHWKRG�WR�WKH�
)'$�%$0�UHIHUHQFH�PHWKRG��7KH�UHTXLUHG�

LQRFXODWLRQ�YROXPHV�ZHUH�FDOFXODWHG�IURP�
WKH�SURSHU�GLOXWLRQ�DQG�DGGHG�WR����ORZ�
OHYHO�DQG���KLJK�OHYHO�VDPSOHV�SHU�PHWKRG��
)LYH�VDPSOHV�SHU�PHWKRG�ZHUH�OHIW�
XQLQRFXODWHG�WR�VHUYH�DV�QHJDWLYH�FRQWUROV��
$GGLWLRQDO�VDPSOHV�ZHUH�SUHSDUHG�IRU�WKH�
UHIHUHQFH�PHWKRG�RQO\�WR�FRQGXFW�031�
DQDO\VLV��$OO�VDPSOHV�ZHUH�KHOG�DW�URRP�
WHPSHUDWXUH�IRU���ZHHNV������

)RU�WKH�%$;��6\VWHP�PHWKRG�����J�WHVW�
SRUWLRQV�ZHUH�KRPRJHQL]HG�ZLWK�����P/�RI�
SUH�ZDUPHG�����&��P76%�ZLWK���PJ�/�
QRYRELRFLQ�DQG�LQFXEDWHG�DW����&�IRU�������
KRXUV��6DPSOHV�ZHUH�WHVWHG�E\�WKH�%$;��
6\VWHP�GLUHFWO\�IURP�WKH�SULPDU\�HQULFKPHQW�
DQG�DIWHU�D�%+,�UHJURZWK��7KH�UHJURZWK�ZDV�
SHUIRUPHG�E\�WUDQVIHUULQJ�����/�RI�WKH�
SULPDU\�HQULFKPHQW�WR������/�RI�SUH�
ZDUPHG�����&��%+,�EURWK�DQG�LQFXEDWLQJ�DW�
���&�IRU���KRXUV�EHIRUH�SURFHHGLQJ�WR�WKH�
O\VLV�SURFHGXUH�GHVFULEHG�EHORZ��

)RU�WKH�)'$�%$0�UHIHUHQFH�PHWKRG�����J�
WHVW�SRUWLRQV�ZHUH�KRPRJHQL]HG�ZLWK�����
P/�RI�P%3:S�DQG�LQFXEDWHG�DW����&�IRU���
KRXUV��$IWHU���KRXUV��VROXWLRQV�RI�WKUHH�
VHOHFWLYH�DJHQWV��$FULIODYLQ��&HIVXORGLQ�DQG�
9DQFRP\FLQ��ZHUH�DGGHG�WR�WKH�HQULFKPHQW��
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PL[HG�DQG�LQFXEDWHG�DW����&�IRU�������
KRXUV��
�
0HWKRG�
%$;��6\VWHP�0HWKRG�±�)RU�HDFK�VDPSOH��
���ȝ/�RI�HQULFKPHQW�ZDV�DGGHG�WR�����ȝ/�
SUHSDUHG�O\VLV�UHDJHQW������ȝ/�RI�SURWHDVH�
WR�RQH����P/�ERWWOH�RI�O\VLV�EXIIHU��LQ�FOXVWHU�
WXEHV��/\VLV�ZDV�SHUIRUPHG�E\�KHDWLQJ�
WXEHV�IRU����PLQXWHV�DW����&�DQG����
PLQXWHV�DW����&��DQG�WKHQ�FRROLQJ�WXEHV�DW�
��&��5HDO�7LPH�E. coli�2����+��DQG�67(&�
6FUHHQLQJ�3&5�WXEHV�IRU�VHURW\SH�2����+��
DQG�5HDO�7LPH�67(&�3DQHO���DQG�67(&�
6FUHHQLQJ�3&5�WXEHV�IRU�VHURW\SH�2����
ZHUH�K\GUDWHG�ZLWK����ȝ/�RI�O\VDWH��$OO�3&5�
WXEHV�ZHUH�WKHQ�ORDGHG�LQWR�WKH�%$;��
6\VWHP�4��LQVWUXPHQW��DQG�D�IXOO�SURFHVV�
ZDV�UXQ�DFFRUGLQJ�WR�WKH�SURFHGXUH�
GHVFULEHG�LQ�WKH�%$;��6\VWHP�8VHU�*XLGH��

5HIHUHQFH�0HWKRG�±�(DFK�VDPSOH�ZDV�
FXOWXUH�FRQILUPHG�UHJDUGOHVV�RI�SUHVXPSWLYH�
%$;��6\VWHP�UHVXOWV�IROORZLQJ�WKH�)'$�
%$0�&KDSWHU��$�IRU�'LDUUKHDJHQLF�
Escherichia coli���

�
5HVXOWV�DQG�'LVFXVVLRQ�

)RU�E. coli�2����+���WKH�%$;��6\VWHP�
PHWKRG�UHWXUQHG�SRVLWLYH�UHVXOWV�IRU�������
ORZ�VSLNHG�DQG�����KLJK�VSLNHG�VDPSOHV�
ZLWK�DQG�ZLWKRXW�D�%+,�UHJURZWK��7DEOH�����
$OO�%$;��6\VWHP�UHVXOWV�ZHUH�LGHQWLFDO�WR�
FXOWXUH��7KH�FRUUHVSRQGLQJ�VDPSOHV�
HQULFKHG�XVLQJ�WKH�UHIHUHQFH�PHWKRG�
UHWXUQHG�FXOWXUH�SRVLWLYH�UHVXOWV�IRU�������
ORZ�VSLNHG�DQG�����KLJK�VSLNHG�VDPSOHV�
�7DEOH������

)RU�67(&�2�����WKH�%$;��6\VWHP�PHWKRG�
UHWXUQHG�SRVLWLYH�UHVXOWV�IRU������ORZ�VSLNHG�
DQG�����KLJK�VSLNHG�VDPSOHV�ZLWK�DQG�
ZLWKRXW�D�%+,�UHJURZWK��7DEOH�����$OO�%$;��
6\VWHP�UHVXOWV�ZHUH�LGHQWLFDO�WR�FXOWXUH��7KH�
FRUUHVSRQGLQJ�VDPSOHV�HQULFKHG�XVLQJ�WKH�
UHIHUHQFH�PHWKRG�UHWXUQHG�FXOWXUH�SRVLWLYH�
UHVXOWV�IRU������ORZ�VSLNHG�DQG�����KLJK�
VSLNHG�VDPSOHV��7DEOH�����

7R�FRPSDUH�WKH�UHVXOWV�EHWZHHQ�WKH�%$;��
6\VWHP�PHWKRG�DQG�WKH�UHIHUHQFH�PHWKRG��
WKH�SUREDELOLW\�RI�GHWHFWLRQ��32'��DQG�WKH�
GLIIHUHQFH�LQ�32'��G32'��YDOXHV�ZHUH�
FDOFXODWHG�ZLWK�����FRQILGHQFH�LQWHUYDOV�
�7DEOH�����)RU�ERWK�E. coli�2����+��DQG�
67(&�2�����WKH�UHVXOWV�RI�WKHVH�VWDWLVWLFDO�
DQDO\VHV�GHPRQVWUDWH�QR�VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WKH�PHWKRGV

�

�
DWEͬƚĞƐƚ�ƉŽƌƚŝŽŶ�с�DŽƐƚ�WƌŽďĂďůĞ�EƵŵďĞƌ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�WK��ŽĨ�ƌĞĨĞƌĞŶĐĞ�ŵĞƚŚŽĚ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
E�с�EƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
y�с�EƵŵďĞƌ�ŽĨ�ƉŽƐŝƚŝǀĞ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
WK��W�с���yΠ�^ǇƐƚĞŵ�ŵĞƚŚŽĚ�ƉƌĞƐƵŵƉƚŝǀĞ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ĚŝǀŝĚĞĚ�ďǇ�ƚŚĞ�ƚŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
WK����с���yΠ�^ǇƐƚĞŵ�ŵĞƚŚŽĚ�ĐŽŶĨŝƌŵĞĚ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ĚŝǀŝĚĞĚ�ďǇ�ƚŚĞ�ƚŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�

y WK��W ϵϱй��/ y WK��� ϵϱй��/
EĞŐĂƚŝǀĞ�
�ŽŶƚƌŽů

ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ

Ϭ͘ϳϱ ϮϬ ϭϴ Ϭ͘ϵϬ Ϭ͘ϲϵ͕�Ϭ͘ϵϳ ϭϴ Ϭ͘ϵϬ Ϭ͘ϲϵ͕�Ϭ͘ϵϳ Ϭ͘ϬϬ ͲϬ͘Ϯϭ͕�Ϭ͘Ϯϭ
ϳ͘ϱ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

EĞŐĂƚŝǀĞ�
�ŽŶƚƌŽů

ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ

Ϭ͘ϰϯ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕�Ϭ͘ϲϭ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕�Ϭ͘ϲϭ Ϭ͘ϬϬ ͲϬ͘Ϯϴ͕�Ϭ͘Ϯϴ
ϰ͘ϯ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�͘�ĐŽůŝ �Kϭϱϳ͗,ϳ�
��ϭϰϱϬ

^d���KϭϮϭ�
��ϭϯϯϲϯ

&ůŽƵƌ�;Ϯϱ�ŐͿ

dĂďůĞ�ϭ͘���yΠ�^ǇƐƚĞŵ�WƌĞƐƵŵƉƚŝǀĞ�ǀƐ͘��ŽŶĨŝƌŵĞĚ�ZĞƐƵůƚƐ
^ĂŵƉůĞ�
dǇƉĞ

^ƚƌĂŝŶ DWEͬƚĞƐƚ�
ƉŽƌƚŝŽŶ

E ��yΠ�WƌĞƐƵŵƉƚŝǀĞ ��yΠ��ŽŶĨŝƌŵĞĚ ĚWK��W ϵϱй��/
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ĚWK��W� с��ŝĨĨĞƌĞŶĐĞ� ďĞƚǁĞĞŶ� ƚŚĞ���yΠ� ^ǇƐƚĞŵ�ŵĞƚŚŽĚ�ƉƌĞƐƵŵƉƚŝǀĞ� ƌĞƐƵůƚ� ĂŶĚ���yΠ� ^ǇƐƚĞŵ�ŵĞƚŚŽĚ�
ĐŽŶĨŝƌŵĞĚ�ƌĞƐƵůƚ�WK��ǀĂůƵĞƐ�
ϵϱй� �/� с� /Ĩ� ƚŚĞ� ĐŽŶĨŝĚĞŶĐĞ� ŝŶƚĞƌǀĂů� ŽĨ� ĚWK��ĚŽĞƐ� ŶŽƚ� ĐŽŶƚĂŝŶ� ǌĞƌŽ͕� ƚŚĞŶ� ƚŚĞ� ĚŝĨĨĞƌĞŶĐĞ� ŝƐ� ƐƚĂƚŝƐƚŝĐĂůůǇ�
ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ƚŚĞ�ϱй�ůĞǀĞů�

�
�

�
DWEͬƚĞƐƚ�ƉŽƌƚŝŽŶ�с�DŽƐƚ�WƌŽďĂďůĞ�EƵŵďĞƌ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�WK��ŽĨ�ƌĞĨĞƌĞŶĐĞ�ŵĞƚŚŽĚ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
E�с�EƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
y�с�EƵŵďĞƌ�ŽĨ�ƉŽƐŝƚŝǀĞ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
WK���с��ŽŶĨŝƌŵĞĚ���yΠ�^ǇƐƚĞŵ�ŵĞƚŚŽĚ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ĚŝǀŝĚĞĚ�ďǇ�ƚŚĞ�ƚŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
WK�Z�с��ŽŶĨŝƌŵĞĚ�ƌĞĨĞƌĞŶĐĞ�ŵĞƚŚŽĚ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ĚŝǀŝĚĞĚ�ďǇ�ƚŚĞ�ƚŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƚĞƐƚ�ƉŽƌƚŝŽŶƐ�
ĚWK���с��ŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ���yΠ�^ǇƐƚĞŵ�ŵĞƚŚŽĚ�ĂŶĚ�ƌĞĨĞƌĞŶĐĞ�ŵĞƚŚŽĚ�WK��ǀĂůƵĞƐ�
ϵϱй� �/� с� /Ĩ� ƚŚĞ� ĐŽŶĨŝĚĞŶĐĞ� ŝŶƚĞƌǀĂů� ŽĨ� ĚWK��ĚŽĞƐ� ŶŽƚ� ĐŽŶƚĂŝŶ� ǌĞƌŽ͕� ƚŚĞŶ� ƚŚĞ� ĚŝĨĨĞƌĞŶĐĞ� ŝƐ� ƐƚĂƚŝƐƚŝĐĂůůǇ�
ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ƚŚĞ�ϱй�ůĞǀĞů�

�
� �
&RQFOXVLRQV�
2YHUDOO��WKH�UHVXOWV�RI�WKLV�VWXG\�
GHPRQVWUDWH�WKH�DELOLW\�RI�WKH�%$;��6\VWHP�
5HDO�7LPH�3&5�$VVD\V�IRU�E. coli 2����+���
67(&�3DQHO���DQG�67(&�6FUHHQLQJ�WR�
DFFXUDWHO\�GHWHFW�WKH�DSSURSULDWH�VHURW\SHV�
LQ�IORXU�HTXLYDOHQW�WR�WKH�UHIHUHQFH�PHWKRG�
XVLQJ�WKH�IROORZLQJ�HQULFKPHQW�SURWRFRO��
x� +RPRJHQL]H����J�VDPSOH�ZLWK�����P/�

SUH�ZDUPHG�����&��P76%�ZLWK���PJ�/�
QRYRELRFLQ�DQG�LQFXEDWH�DW����&�IRU����
���KRXUV��

�

�

�

�

5HIHUHQFHV�
��� &HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�

3UHYHQWLRQ��0XOWLVWDWH�2XWEUHDN�RI�E. 
coli 2����+��,QIHFWLRQV�/LQNHG�WR�
(DWLQJ�5DZ�5HIULJHUDWHG��
3UHSDFNDJHG�&RRNLH�'RXJK��),1$/�
83'$7(���-XQH�����������
KWWSV���ZZZ�FGF�JRY�HFROL������FRRNLH
�GRXJK�����������KWPO�

��� &HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�
3UHYHQWLRQ��0XOWLVWDWH�2XWEUHDN�RI�
6KLJD�WR[LQ�SURGXFLQJ�Escherichia coli 
,QIHFWLRQV�/LQNHG�WR�)ORXU��)LQDO�
8SGDWH���6HSWHPEHU�����������
KWWSV���ZZZ�FGF�JRY�HFROL������R����
������LQGH[�KWPO���

�

y WK�� ϵϱй��/ y WK�Z ϵϱй��/
EĞŐĂƚŝǀĞ�
�ŽŶƚƌŽů

ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ

Ϭ͘ϳϱ ϮϬ ϭϴ Ϭ͘ϵϬ Ϭ͘ϲϵ͕�Ϭ͘ϵϳ ϭϰ Ϭ͘ϳϬ Ϭ͘ϰϴ͕�Ϭ͘ϴϱ Ϭ͘ϮϬ ͲϬ͘Ϭϱ͕�Ϭ͘ϰϯ
ϳ͘ϱ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

EĞŐĂƚŝǀĞ�
�ŽŶƚƌŽů

ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϯ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ

Ϭ͘ϰϯ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕�Ϭ͘ϲϭ ϳ Ϭ͘ϯϱ Ϭ͘ϭϴ͕�Ϭ͘ϱϳ Ϭ͘Ϭϱ ͲϬ͘Ϯϯ͕�Ϭ͘ϯϮ
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