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7HFKQLFDO�%XOOHWLQ��'HWHFWLRQ�RI�Salmonella�DQG�Listeria 
monocytogenes�IURP�$QK\GURXV�0LON�)DW�8VLQJ�WKH�%$;��
6\VWHP�5HDO�7LPH�3&5�$VVD\V�
�
$Q� XQSDLUHG� PDWUL[� VWXG\� ZDV� FRQGXFWHG� DW� DQ� LQGHSHQGHQW� ODERUDWRU\� WR� PHDVXUH� WKH�
SHUIRUPDQFH�RI� WKH�%$;��6\VWHP�5HDO�7LPH�3&5�$VVD\� IRU�Salmonella DQG�5HDO�7LPH�3&5�
$VVD\� IRU�Listeria�monocytogenes� DJDLQVW� WKH�8QLWHG� 6WDWHV� )RRG� DQG�'UXJ� $GPLQLVWUDWLRQ¶V�
UHIHUHQFH�PHWKRGV�WR�GHWHFW�HDFK�WDUJHW�RUJDQLVP�LQ�$QK\GURXV�0LON�)DW��$0)���6DPSOHV�WHVWHG�
LQ�WKLV�VWXG\�ZHUH�DUWLILFLDOO\�LQRFXODWHG�DW�OHYHOV�H[SHFWHG�WR�SURGXFH�ORZ��������&)8�WHVW�SRUWLRQ��
RU�KLJK����&)8�WHVW�SRUWLRQ��VSLNH�OHYHOV�DIWHU�D���ZHHN�HTXLOLEUDWLRQ�DW�URRP�WHPSHUDWXUH��7KH�
UHVXOWV�REWDLQHG�IRU�HDFK�PHWKRG�ZHUH�FRPSDUHG�XVLQJ�WKH�SUREDELOLW\�RI�GHWHFWLRQ��32'���)RU�
ERWK�Salmonella DQG L. monocytogenes,� WKH� %$;�� 6\VWHP�PHWKRG� GHPRQVWUDWHG� HTXLYDOHQW�
SHUIRUPDQFH�WR�WKH�UHIHUHQFH�PHWKRG��

�
,QWURGXFWLRQ�
$QK\GURXV� PLON� IDW� �$0)�� LV� HVVHQWLDOO\� D�
SXUH� IRUP� RI� PLON� IDW� REWDLQHG� IURP� IUHVK�
FUHDP� RU� EXWWHU�� ,W� LV� ZLGHO\� XVHG� DV� DQ�
LQJUHGLHQW� WR� LQWHQVLI\� WKH� WDVWH� DQG�
FUHDPLQHVV�RI�PDQ\�IRRG�SURGXFWV�LQFOXGLQJ�
LFH�FUHDP��FDNH��FKRFRODWH�DQG�PRUH��$0)�
LV�WKH�SUHIHUUHG�GDLU\�EDVHG�IDW�VRXUFH�WR�XVH�
LQ�WKHVH�IRRG�W\SHV�EHFDXVH�LWV�FRQVLVWHQF\�
PDNHV�LW�HDV\�WR�ZRUN�ZLWK�DQG�LW�KDV�D�ORQJ�
VKHOI� OLIH� ����� +RZHYHU�� OLNH� PRVW� PLON�
SURGXFWV��PLFURELDO� FRQWDPLQDWLRQ�FDQ�EH�D�
SUREOHP���

�

6DPSOH�3UHSDUDWLRQ�DQG�(QULFKPHQW��
Salmonella� .HQWXFN\� $7&&� ����� DQG�
Listeria monocytogenes $7&&�������ZHUH�
XVHG� WR� LQRFXODWH� VDPSOHV� RI� $0)�
LQGHSHQGHQWO\�� )RU� HDFK� WDUJHW� RUJDQLVP��
$0)�ZDV� LQRFXODWHG�ZLWK�D�EURWK�FXOWXUH� LQ�
EXON�WR�FUHDWH�D�ORZ�IUDFWLRQDO�VSLNH�OHYHO�RU�D�
KLJK� VSLNH� OHYHO�� (DFK�PDVWHU� VDPSOH� ZDV�
WKRURXJKO\� PL[HG� WR� DFKLHYH� HTXDO�
GLVWULEXWLRQ� RI� WKH� LQRFXOXP� DQG� VWRUHG� DW�
URRP� WHPSHUDWXUH� IRU���ZHHNV��7KH�PDVWHU�
VDPSOHV�ZHUH�WKHQ�VHSDUDWHG�LQWR����J�WHVW�
SRUWLRQV� WR�FUHDWH���� ORZ�VSLNH�DQG���KLJK�
VSLNH�VDPSOHV�SHU�PHWKRG��$Q�DGGLWLRQDO� ��

VDPSOHV�SHU�PHWKRG�ZHUH� OHIW�XQLQRFXODWHG�
WR�VHUYH�DV�QHJDWLYH�FRQWUROV���

)RU�WKH�%$;��6\VWHP�5HDO�7LPH�Salmonella�
PHWKRG������J� WHVW�SRUWLRQV�ZHUH�DQDO\]HG�
E\� FRPELQLQJ� D� ��� J� VDPSOH� RI� LQRFXODWHG�
$0)� ZLWK� ���� J� RI� XQLQRFXODWHG� $0)��
6DPSOHV�ZHUH� KRPRJHQL]HG�ZLWK� �����P/�
SUH�ZDUPHG� ����&��%XIIHUHG�SHSWRQH�ZDWHU�
�%3:�� DQG� LQFXEDWHG� DW� ���&� IRU� ������
KRXUV�� 6DPSOHV� ZHUH� WHVWHG� E\� WKH� %$;��
6\VWHP� PHWKRG� GLUHFWO\� IURP� WKH� SULPDU\�
HQULFKPHQW� DQG� DIWHU� D� %+,� UHJURZWK�� 7KH�
UHJURZWK�ZDV� SHUIRUPHG� E\� WUDQVIHUULQJ� ���
�/�RI�WKH�SULPDU\�HQULFKPHQW�WR������/�SUH�
ZDUPHG�����&��%+,�EURWK�DQG�LQFXEDWLQJ�DW�
���&� IRU� �� KRXUV� EHIRUH� SURFHHGLQJ� WR� WKH�
O\VLV�SURFHGXUH�GHVFULEHG�EHORZ���

)RU� WKH� %$;�� 6\VWHP� 5HDO�7LPH� Listeria�
PHWKRGV�� ��� J� WHVW� SRUWLRQV� RI� $0)� ZHUH�
DQDO\]HG��6DPSOHV�ZHUH�KRPRJHQL]HG�ZLWK�
����P/�ZLWK�SUH�ZDUPHG��������&�����/(%�
&RPSOHWH�PHGLD�DQG� LQFXEDWHG�DW����&� IRU�
������ KRXUV�� 6DPSOHV� ZHUH� WHVWHG� E\� WKH�
%$;��6\VWHP�PHWKRG�DW����DQG����KRXUV��

)RU�WKH�)'$�%$0�UHIHUHQFH�PHWKRGV�����J�
VDPSOHV�ZHUH�DQDO\]HG�IRU�ERWK�Salmonella�
DQG� Listeria�� Salmonella VDPSOHV� ZHUH�
KRPRJHQL]HG�ZLWK�����P/�RI�/DFWRVH�%URWK�
�/%��DQG�LQFXEDWHG�DW����&�IRU�������KRXUV��
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Listeria�VDPSOHV�ZHUH�KRPRJHQL]HG�ZLWK�����
P/� RI� %/(%� FRQWDLQLQJ� S\UXYDWH� DQG�
LQFXEDWHG�DW����&�IRU���KRXUV��$IWHU���KRXUV��
VROXWLRQV� RI� WKUHH� VHOHFWLYH� DJHQWV�
�DFULIODYLQH��F\FORKH[LPLGH�DQG�QDOLGL[LF�DFLG��
ZHUH� DGGHG� WR� WKH� HQULFKPHQW�� PL[HG� DQG�
LQFXEDWHG�DW����&�IRU�DQ�DGGLWLRQDO����KRXUV��

�

0HWKRG�
%$;�� 6\VWHP� 0HWKRG� ±� )RU� Salmonella�
VDPSOHV����ȝ/�RI�HQULFKPHQW�ZDV�DGGHG� WR�
���� ȝ/� SUHSDUHG� O\VLV� UHDJHQW� ����� ȝ/� RI�
SURWHDVH�WR�RQH����P/�ERWWOH�RI�O\VLV�EXIIHU��
LQ� FOXVWHU� WXEHV�� /\VLV� ZDV� SHUIRUPHG� E\�
KHDWLQJ�WXEHV�IRU����PLQXWHV�DW����&�DQG����
PLQXWHV�DW����&��DQG� WKHQ�FRROLQJ� WXEHV�DW�
��&��5HDO�7LPH�Salmonella�3&5�WXEHV�ZHUH�
K\GUDWHG�ZLWK����ȝ/�RI�O\VDWH�DQG�KHOG�IRU����
PLQXWHV�RQ�D�FKLOOHG� �����&��FROG�EORFN��$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��

)RU�Listeria VDPSOHV����ȝ/�RI�HQULFKPHQW�ZDV�
DGGHG�WR�����ȝ/�SUHSDUHG�O\VLV�UHDJHQW������
ȝ/�RI�SURWHDVH�DQG�����ȝ/�RI�/\VLQJ�$JHQW���
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� *HQXV Listeria DQG� 5HDO�7LPH� L. 
monocytogenes� 3&5� WXEHV� ZHUH� K\GUDWHG�
ZLWK� ��� ȝ/� RI� O\VDWH�� $OO� 3&5� WXEHV� ZHUH�

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� ±� $OO� VDPSOHV� ZHUH�
FXOWXUH�FRQILUPHG�UHJDUGOHVV�RI�SUHVXPSWLYH�
%$;��6\VWHP�UHVXOWV�IROORZLQJ�WKH�)'$�%$0�
&KDSWHU� �� IRU�Salmonella� RU� WKH�)'$�%$0�
&KDSWHU����IRU�Listeria�monocytogenes���

�

5HVXOWV�DQG�'LVFXVVLRQ�
6WDWLVWLFDO� DQDO\VLV� XVLQJ� WKH� SUREDELOLW\� RI�
GHWHFWLRQ� �32'��DQG� WKH�GLIIHUHQFH� LQ�32'�
�G32'�� YDOXHV� ZHUH� FDOFXODWHG� ZLWK� ����
FRQILGHQFH� LQWHUYDOV� WR�FRPSDUH� WKH� UHVXOWV�
EHWZHHQ� WKH� %$;�� 6\VWHP� PHWKRG�
SUHVXPSWLYH�DQG�FRQILUPHG�UHVXOWV��7DEOH����
DQG�EHWZHHQ�WKH�%$;��6\VWHP�PHWKRG�DQG�
UHIHUHQFH�PHWKRG��7DEOH������

)RU�Salmonella� VDPSOHV� HQULFKHG� LQ� %3:��
WKH�%$;��6\VWHP�PHWKRG� UHWXUQHG� SRVLWLYH�
UHVXOWV� IRU� ������ ORZ� VSLNHG� DQG� ���� KLJK�
VSLNHG� VDPSOHV� ZLWK� DQG� ZLWKRXW� D� %+,�
UHJURZWK��$OO�UHVXOWV�ZHUH�LGHQWLFDO�WR�FXOWXUH��
7KH�FRUUHVSRQGLQJ�VDPSOHV�HQULFKHG�XVLQJ�
WKH� )'$� %$0� PHWKRG� UHWXUQHG� FXOWXUH�
SRVLWLYH�UHVXOWV�IRU�������ORZ�VSLNHG�DQG�����
KLJK�VSLNHG�VDPSOHV��7KH�VWDWLVWLFDO�DQDO\VHV�
EHWZHHQ�WKH�%$;��6\VWHP�SUHVXPSWLYH�DQG�
FRQILUPHG� UHVXOWV� DV� ZHOO� DV� WKH� %$;��

6\VWHP� PHWKRG� DQG� UHIHUHQFH� PHWKRG�
GHPRQVWUDWHG�QR�VLJQLILFDQW�GLIIHUHQFH���

�

�
031����J� �0RVW�3UREDEOH�1XPEHU�LV�EDVHG�RQ�WKH�32'�RI�UHIHUHQFH�PHWKRG�WHVW�SRUWLRQV�
;� �1XPEHU�RI�SRVLWLYH�WHVW�SRUWLRQV�

y WK��W ϵϱй��/ y WK��� ϵϱй��/
�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ
Ϯ͘ϯϰ ϮϬ ϭϰ Ϭ͘ϳϬ Ϭ͘ϰϴ͕�Ϭ͘ϴϱ ϭϰ Ϭ͘ϳϬ Ϭ͘ϰϴ͕�Ϭ͘ϴϱ Ϭ͘ϬϬ ͲϬ͘Ϯϳ͕�Ϭ͘Ϯϳ
Ϯ͘ϰϯ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ
Ϭ͘ϱϯ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕Ϭ͘ϲϭ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕Ϭ͘ϲϭ Ϭ͘ϬϬ ͲϬ͘Ϯϴ͕�Ϭ͘Ϯϴ
ϵ͘Ϯϲ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

^ĂůŵŽŶĞůůĂ�
<ĞŶƚƵĐŬǇ�����������
�d���ϵϮϲϯ

>͘�ŵŽŶŽĐǇƚŽŐĞŶĞƐ�
�d���ϭϵϭϭϭ

�D&������
;ϯϳϱ�ŐͿ�

�D&��������
;Ϯϱ�ŐͿ

dĂďůĞ�ϭ͘���yΠ�^ǇƐƚĞŵ�WƌĞƐƵŵƉƚŝǀĞ�ǀƐ͘��ŽŶĨŝŵĞĚ�ZĞƐƵůƚƐ

^ĂŵƉůĞ�
dǇƉĞ

dĂƌŐĞƚ�KƌŐĂŶŝƐŵ DWEͬϮϱ�Ő
dĞƐƚ�

WŽƌƚŝŽŶƐ
��yΠ�^ǇƐƚĞŵ�WƌĞƐƵŵƉƚŝǀĞ ��yΠ�^ǇƐƚĞŵ��ŽŶĨŝƌŵĞĚ

ĚWK��W ϵϱй��/
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32'&3� �%$;��PHWKRG�SUHVXPSWLYH�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
32'&&� �%$;��PHWKRG�FRQILUPHG�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
G32'&3� �'LIIHUHQFH�EHWZHHQ�WKH�%$;��PHWKRG�SUHVXPSWLYH�UHVXOW�DQG�%$;��PHWKRG�FRQILUPHG�UHVXOW�32'�YDOXHV�

����&,� �,I�WKH�FRQILGHQFH�LQWHUYDO�RI�G32'�GRHV�QRW�FRQWDLQ�]HUR��WKHQ�WKH�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH����
�

�
031����J� �0RVW�3UREDEOH�1XPEHU�LV�EDVHG�RQ�WKH�32'�RI�UHIHUHQFH�PHWKRG�WHVW�SRUWLRQV�
;� �1XPEHU�RI�SRVLWLYH�WHVW�SRUWLRQV�
32'&� �&RQILUPHG�%$;��PHWKRG�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
32'5� �&RQILUPHG�UHIHUHQFH�PHWKRG�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
G32'&� �'LIIHUHQFH�EHWZHHQ�WKH�%$;��PHWKRG�DQG�UHIHUHQFH�PHWKRG�32'�YDOXHV�
����&,� �,I�WKH�FRQILGHQFH�LQWHUYDO�RI�G32'�GRHV�QRW�FRQWDLQ�]HUR��WKHQ�WKH�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH����OHYHO�

�

)RU� Listeria� VDPSOHV� HQULFKHG� LQ� ��� /(%�
&RPSOHWH�PHGLD�� WKH�%$;��6\VWHP�PHWKRG�
UHWXUQHG�SRVLWLYH�UHVXOWV�IRU������ORZ�VSLNHG�
DQG�����KLJK�VSLNHG�VDPSOHV�DW�ERWK����DQG�
���KRXUV��$OO�UHVXOWV�ZHUH�LGHQWLFDO�WR�FXOWXUH��
7KH�FRUUHVSRQGLQJ�VDPSOHV�HQULFKHG�XVLQJ�
WKH� )'$� %$0� PHWKRG� UHWXUQHG� FXOWXUH�
SRVLWLYH� UHVXOWV� IRU������ ORZ�VSLNHG�DQG�����
KLJK�VSLNHG�VDPSOHV��7KH�VWDWLVWLFDO�DQDO\VHV�
EHWZHHQ�WKH�%$;��6\VWHP�SUHVXPSWLYH�DQG�
FRQILUPHG� UHVXOWV� DV� ZHOO� DV� WKH� %$;��

6\VWHP� PHWKRG� DQG� UHIHUHQFH� PHWKRG�
GHPRQVWUDWHG�QR�VLJQLILFDQW�GLIIHUHQFH����

�

&RQFOXVLRQV�
2YHUDOO��WKH�UHVXOWV�RI�WKLV�VWXG\�GHPRQVWUDWH�
WKH� DELOLW\� RI� WKH� %$;�� 6\VWHP� 5HDO�7LPH�
3&5� $VVD\� IRU� Salmonella� DQG� 5HDO�7LPH�
3&5� $VVD\� IRU� L.� monocytogenes� WR�
DFFXUDWHO\�GHWHFW�Salmonella�VSHFLHV�DQG�L. 
monocytogenes,� UHVSHFWLYHO\� LQ� $0)�
HTXLYDOHQW� WR� WKH� UHIHUHQFH� PHWKRGV� XVLQJ�
WKH�IROORZLQJ�HQULFKPHQW�SURWRFROV���

x� )RU� Salmonella�� KRPRJHQL]H� ���� J�
VDPSOHV� ZLWK� ����� P/� SUH�ZDUPHG�
����&��%3:�DQG�LQFXEDWH�DW����&�IRU����
KRXUV��

x� )RU�Listeria�� KRPRJHQL]H� ��� J� VDPSOHV�
ZLWK� ���� P/� SUH�ZDUPHG� �������&�� ���
/(%� &RPSOHWH� PHGLD� DQG� LQFXEDWH� DW�
���&�IRU�������KRXUV��

�

5HIHUHQFHV�
��� 7HWUD�3DN��'DLU\�3URFHVVLQJ�+DQGERRN��

&KDSWHU�����$QK\GURXV�0LON�)DW��$0)��
DQG�%XWWHURLO���
KWWSV���GDLU\SURFHVVLQJKDQGERRN�FRP�FK
DSWHU�DQK\GURXV�PLON�IDW�DPI�DQG�
EXWWHURLO�

y WK�� ϵϱй��/ y WK�Z ϵϱй��/
�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ
Ϯ͘ϯϰ ϮϬ ϭϰ Ϭ͘ϳϬ Ϭ͘ϰϴ͕�Ϭ͘ϴϱ ϭϴ Ϭ͘ϵϬ Ϭ͘ϳϬ͕�Ϭ͘ϵϳ ͲϬ͘ϮϬ ͲϬ͘ϰϯ͕�Ϭ͘Ϭϱ
Ϯ͘ϰϯ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ
Ϭ͘ϱϯ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘ϮϮ͕Ϭ͘ϲϭ ϵ Ϭ͘ϰϱ Ϭ͘Ϯϲ͕�Ϭ͘ϲϱ ͲϬ͘Ϭϱ ͲϬ͘ϯϮ͕�Ϭ͘Ϯϯ�
ϵ͘Ϯϲ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ� Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�D&

^ĂůŵŽŶĞůůĂ�
<ĞŶƚƵĐŬǇ�����������
�d���ϵϮϲϯ

>͘�ŵŽŶŽĐǇƚŽŐĞŶĞƐ�
�d���ϭϵϭϭϭ

dĂďůĞ�Ϯ͘���yΠ�^ǇƐƚĞŵ�ZĞƐƵůƚƐ�ǀƐ͘�ZĞĨĞƌĞŶĐĞ�DĞƚŚŽĚ�ZĞƐƵůƚƐ

^ĂŵƉůĞ�
dǇƉĞ

dĂƌŐĞƚ�KƌŐĂŶŝƐŵ DWEͬϮϱ�Ő
dĞƐƚ�

WŽƌƚŝŽŶƐ
��yΠ�^ǇƐƚĞŵ�DĞƚŚŽĚ ZĞĨĞƌĞŶĐĞ�DĞƚŚŽĚ

ĚWK�� ϵϱй��/


