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�:�?:LM>K�=><EBG>�650 

BL�H?M>G�L>>G�:M�MA>�EHP>LM�K>E:MBO>�ANFB=BMR���E:OB���2KN>ELMKNI�&:GL>G
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NI�MH����=:RL�BG�Acanthamoeba�LI��8AHN�>M�:E���������LN@@>LM>=�IHLLB;E>�BGMK:<>EENE:K�LNKOBO:E�?HK�:M�762 

E>:LM���A��2:;E>�����+HK>�K><>GMER
�*:F;K><AM�>M�:E�������
�������GHMB<>=�LNKOBO:E�H?�L. monocytogenes�763 

BG�<RLML
�;NM�GHM�BGMK:�:F;H>;:E�BG�MKHIAHSHBM>L�PBMA�MA>�<RLML�;>BG@�MHE>K:GM�MHP:K=L�L>O>K:E�=BLBG?><M:GM�764 

MK>:MF>GML� �����#M-&
������LH=BNF�ARIH<AEHKBM>
������&�-�� :G=���F@
E�;>GS:EDHGBNF�<AEHKB=>���765 

$NKMA>K
� ;:<M>KB:E� <>EEL� @K>P� BG� MA>� IK>L>G<>� H?� MA>� MKHIAHSHBM>L� :G=� >O>G� IHLL>LL>=� :G� BG<K>:L>=�766 

MHE>K:G<>�:?M>K�MABL�<RLMB<�I:LL:@>�MHP:K=L�MA>L>�LMK>LLHKL��*:F;K><AM�>M�:E�
��������2:;E>�����"HRL<A>K�767 

>M�:E���������GHMB<>=� MA:M�L. monocytogenes� ?HKFL�E:K@>�:@@K>@:M>L�:M� MA>�NKHB=���M>KFBG:E� K>@BHG�H?�768 

IKHMHSH:��H?�A. castellanii�HK�A. polyphaga�?HK�������FBG�:?M>K�PAB<A�MA>R�P>K>�ERL>=�:G=�=B@>LM>=��2A>�769 

:@@K>@:M>L�P>K>�NL>=�:L�MK:GLB>GM�LMHK:@>�?HK�;:<M>KB:E�<>EEL��'GM>KG:EBS:MBHG�BG�MKHIAHSHBM>L
<RLML�BL�GHM�770 

MA>�HGER�P:R�I:MAH@>GL�<:G�;>�IKHM><M>=��2A>�IK>L>G<>�H?�MKHIAHSHBM>L�<:G�>GA:G<>�MA>�MHE>K:G<>�H?�771 

;:<M>KB:�:@:BGLM�=BLBG?><M:GML�PBMAHNM�MA>�G>>=�?HK�IARLB<:E�<HGM:<M��2:;E>�����+>M:;HEB<�P:LM>�:G=�=>:=�772 

IKHMHSH:� F:R� ;><HF>� GNMKB>GML� ?HK� ?HH=;HKG>� I:MAH@>GL� :G=� BG� MABL� P:R� >GA:G<>� MA>BK� LNKOBO:E�773 

�4:>K>PBC<D�>M�:E�
���������774 
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1BFBE:KER
�MA>�L. monocytogenes���Tetrahymena�K>E:MBHGLABI�BL�:ELH�DGHPG�?HK�LHF>�<HGMK:=B<MBHGL��2A>�775 

K>OB>P� H?� 1<ANIIE>K� ������� F>GMBHGL� LNKOBO:E� BG� L>O>K:E� LMN=B>L
� BG� <HGMK:LM
� BG� MA>� LMN=R� H?�776 

+>BG>KLF:GG�>M�:E���������T. pyriformis�BL�LN@@>LM>=�:L�:�IHLLB;E>�IK>O>GMBHG
>EBFBG:MBHG�LMK:M>@R�?HK�777 

L. monocytogenes� ;R� IK>=:MBHG�� 2ABL� LMN=R� E:LM>=� HGER� ��A
� PAB<A� BL� :� ?:BKER� LAHKM� I>KBH=� PA>G�778 

<HFI:KBG@�:EE�IKHMHSH:�L. monocytogenes�LMN=B>L��2:;E>�����$NKMA>K
�+>BG>KLF:GG�>M�:E���������LAHP>=�779 

MA:M�:MM:<A>=�L. monocytogenes�P>K>�E>LL�IKHG>�MH�IK>=:MBHG�?KHF�T.  pyriformis�����?HE=��<HFI:K>=�MH�780 

IE:GDMHGB<�;:<M>KB:��2:;E>������781 

+:GR�LMN=B>L���DR:�>M�:E�
�������"HRL<A>K�>M�:E�
�������*:F;K><AM�>M�:E�
�����
�������+BGA�>M�:E�
�����:��782 

LMN=RBG@�Acanthamoeba� LII�
� Tetrahymena� LII�� –�L. monocytogenes� K>E:MBHGLABIL� L>>� :� =><EBG>� H?�783 

<NEMNK:;E>�L. monocytogenes�:M�MA>�LM:KM�H?�MA>�BG<N;:MBHG�I>KBH=
�;NM�LMBEE
�>G=�NI�PBMA�OB:;E>�<>EEL�PA>G�784 

LMN=RBG@�HO>K�:�EHG@>K�I>KBH=�PAB<A�E:LML�;>MP>>G���A�:G=����=:RL��2:;E>�����-O>K:EE
�=B??>K>G<>L�BG�785 

LNKOBO:E�<A:K:<M>KBLMB<L�:K>�L>>G�;>MP>>G�LMN=B>L��2:;E>�����2ABL�<:G�;>�=N>�MH�=B??>K>GM�F>MAH=L�NL>=�HK�786 

=N>�MH�MA>�IHLLB;E>�BG?EN>G<>�H?�O:KBHNL�I:K:F>M>KL�LN<A�:L�F>=B:
�I:MAH@>G�LMK:BG
�IKHMHSH:�LMK:BG
�MBF>
�787 

M>FI>K:MNK>� ��DR:�>M�:E�
������
� K:MBH�;:<M>KB:
IKHMHSH:
�<RLML�O>KLNL� MKHIAHSHBM>L� �*:F;K><AM�>M�:E�
�788 

�����
�IE:GDMHGB<�HK�:MM:<A>=�;:<M>KB:�:G=�>O>G�FHMBEBMR��$B>L>E>K�>M�:E�
��������2:;E>������789 

Acanthamoeba�LII��:G=�Tetrahymena�LII��:K>�MA>�IKHMHSH:�H?�<AHB<>�;><:NL>�MA>R�:K>�>:LR�MH�A:G=E>
�790 

<NEMNK:;E>
� <A>:I
� :G=� P>EE�<A:K:<M>KBS>=� �4:>K>PBC<D� >M� :E�
� ������� �FHG@LM� F:GR� HMA>KL
� MA>L>�791 

IKHMHSH:GL�:K>�:ELH�H?M>G�?HNG=�HG�O>@>M:;E>L�:G=�E>:?R�@K>>GL��%HNK:;:MABGB�>M�:E�
�������4:>K>PBC<D�792 

>M�:E�
�������LBFBE:K�MH�L. monocytogenes �#$1�� '-&�8�I:G>E
�������� >LB=>L�MA>L>�IKHMHSH:
�HMA>K�793 

GHG�I:MAH@>GB<�LI><B>L�:ELH�<:G�;>�?HNG=�HG
BGA:;BM�IKH=N<ML
IKH<>LLBG@�>GOBKHGF>GML��1HF>�H?�MA>L>�794 

FB@AM�A:K;HNK�L. monocytogenes� :G=� <HGL>JN>GMER�FB@AM� LMBFNE:M>� LNKOBO:E
H??>K� IKHM><MBHG�:@:BGLM�795 

:=O>KL>�<HG=BMBHGL��*R:LA<AND�>M�:E�
���������796 

 >LB=>L�Acantamoeba LII��:G=�Tetrahymena�LII��HG>�:KMB<E>�<HNE=�;>�?HNG=�LMN=RBG@�MA> Colpoda�LI��797 

�:ELH�?HNG=�BG�?HH=�IKH<>LLBG@�>GOBKHGF>GML��–�L. monocytogenes�K>E:MBHGLABI��Colpoda�LI��L><K>M>=�798 

OB:;E>�L. monocytogenes�<>EEL� BG�?:><:E�I>EE>ML� BG=B<:MBG@� MA:M�Colpoda� LI��<:G�L>KO>�:L�:�IKHM><MBHG�799 
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HK@:GBLF�?HK�MA>�I:MAH@>G��$NKMA>K�K>L>:K<A�BL�G><>LL:KR�MH�<HG?BKF�MABL��0:@AN�,:=A:G:G���2AHF:L
�800 

��������801 

$BG:EER
�MA>�LMN=B>L�K>?>KK>=�MH�P>K>�:EE�<HG=N<M>=�PBMA�?K>>�EBOBG@�IKHMHSH:
�AHP>O>K
�IKHMHSH:�FB@AM�802 

:ELH�H<<NK�BG�G:MNK:E�;BH?BEFL�@BOBG@�:==BMBHG:E�IKHM><MBHG�?HK�I:MAH@>GL� ��KG=M�>M�:E�
��������1MN=B>L�803 

<HG<>KGBG@�IKHMHSH:�:G=�L. monocytogenes�<HA:;BM:MBG@�;BH?BEFL�:K>�GHM�:O:BE:;E>�R>M���804 
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5. 'GM>KO>GMBHG�LMK:M>@B>L��805 

.K>O>GMBHG�H?�L. monocytogenes�I>KLBLM>G<>�BFIEB<:M>L�IK>O>GMBG@�MA>�HIIHKMNGBMR�H?�L. monocytogenes�806 

MH�K>LB=>�HG
BG�IKH<>LLBG@�>JNBIF>GM�?HK�>QM>G=>=�I>KBH=L��2ABL�<:G�;>�:<AB>O>=�;R�MA>�<HHI>K:MBHG�H?�807 

FNEMBIE>�BGM>KO>GMBHG
IK>O>GMBHG�LMK:M>@B>L�:EK>:=R��I:KMB:EER��BFIE>F>GM>=�BG�?HH=�IKH=N<MBHG�?:<BEBMB>L�808 

MAKHN@A�#NKHI>:G�E:P��2A>�IKHIHL>=�BGM>KO>GMBHG�LMK:M>@B>L�:K>�GHM�K>LMKB<M>=�MH�L. monocytogenes�;NM�809 

<:G�;>�NL>=�MH�>GA:G<>�HO>K:EE�AR@B>G>��#$1�� '-&�8�I:G>E
�������.0-$#*
���������810 

��� 'GM>KO>GMBHG�LMK:M>@B>L�>F;>==>=�BG�MA>�?HH=�AR@B>G>�K>@NE:MBHG�811 

$HH=� AR@B>G>� BL� =>?BG>=� BG� MA>�European law Regulation (EC) No. 852/2004 as “the measures and 812 

<HG=BMBHGL�G><>LL:KR� MH�<HGMKHE�A:S:K=L�:G=� MH�>GLNK>� ?BMG>LL� ?HK�ANF:G�<HGLNFIMBHG�H?�:� ?HH=LMN??�813 

taking into account its intended use”�:G=�<HO>KL�MA>�PAHE>�?HH=�<A:BG
�?KHF�IKH=N<MBHG�:G=�IKH<>LLBG@�814 

MH�=BLMKB;NMBHG�:G=�IE:<BG@�HG�MA>�F:KD>M��#NKHI>:G�!HFFBLLBHG
���������815 

$HH=�AR@B>G>�DGHPL�F:GR�K>@NE:MBHGL�:G=�=BK><MBHGL�PBMA�0>@NE:MBHG��#!��,H�����
����
����
����
�816 

:G=�����
����;>BG@�MA>�F:BG�HG>L�� :L>=�HG�MA>L>�K>@NE:MBHGL�L>O>K:E�HMA>K�K>@NE:MBHGL�P>K>�<HGLMKN<M>=�817 

MH� :B=� BG� MA>� :LLNK:G<>� H?� ?HH=� AR@B>G>� :G=� L:?>MR� LN<A� :L� 0>@NE:MBHG� �#!�� ,H�� ����
����� HG�818 

FB<KH;BHEH@B<:E� <KBM>KB:� ?HK� ?HH=LMN??L�� 2A>L>� K>@NE:MBHGL� M>G=� MH� A:KFHGBS>
� LBFIEB?R
� :G=� F>K@>�819 

AR@B>G>�K>JNBK>F>GML�MH�H;M:BG�:�LBG@E>
�MK:GLI:K>GM�AR@B>G>�IHEB<R���<KHLL�MA>�BGM>KO>GMBHG�LMK:M>@B>L
�820 

LHF>�H?� MA>� <HKK>LIHG=BG@� E>@:E� ?K:F>PHKDL�PBEE� ;>�F>GMBHG>=� MH�AB@AEB@AM� MA>� :EK>:=R� >LM:;EBLA>=�821 

BG<HKIHK:MBHG�H?�MA>L>�LMK:M>@B>L�BG�#NKHI>:G�E:P����822 

$HH=�L:?>MR�F:G:@>F>GM�LRLM>FL��$1+1��:K>�MA>�K>LNEM�H?�MA>�H;EB@:MBHG�MH�<HFIER�PBMA�MA>�@>G>K:E�823 

AR@B>G>�KNE>L�F>GMBHG>=�BG��KMB<E>���H?�0>@NE:MBHG��#!��,H�����
����
�MA>�K>JNBK>F>GM�MH�>LM:;EBLA�:�824 

I>KF:G>GM�IKH<>=NK>�;:L>=�HG�MA>�A:S:K=�:G:ERLBL�<KBMB<:E�<HGMKHE�IHBGM�IKBG<BIE>L��&�!!.�IKBG<BIE>L��825 

F>GMBHG>=�BG��KMB<E>���H?�0>@NE:MBHG��#!��,H�����
�����:G=�@>G>K:E�:LI><ML�LN<A�:L�MA>�IK><:NMBHG�826 

IKBG<BIE>�:G=�MK:<>:;BEBMR�F>GMBHG>=�BG�MA>�@>G>K:E�?HH=�E:P��0>@NE:MBHG��#!��,H�����
������ >?HK>�827 

&�!!.�IKBG<BIE>L�<:G�;>�BFIE>F>GM>=
�MA>�@>G>K:E�AR@B>G>�G>>=L�MH�;>�HG�IHBGM��2H�=H�MABL�IK>K>JNBLBM>�828 

IKH@K:FL��.0.��PAB<A�:K>�;:LB<�KNE>L�G><>LL:KR�MH�HI>K:M>�AR@B>GB<:EER�:K>�>LM:;EBLA>=��2A>�GNF;>K�829 

:G=�MRI>�H?�.0.L�=>I>G=�HG�MA>�L><MHK�;NM�HO>K:EE�F:GR�H?�MA>����IKHIHL>=�.0.L�BG�MA>�!HFFBLLBHG�830 
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GHMB<>������
!����
����:K>�:IIEB>=��2ABL�EBLM�PBMA�IHLLB;E>�.0.L�P:L�>QM>G=>=�?KHF����MH����;R�MA>�831 

 '-&�8�I:G>E�H?�#$1��:G=�H?M>G�MK:<>:;BEBMR�BL�:==>=�:L�:���MA�.0.��$B@NK>�����2A>�.0.L�IKHOB=>�L:?>�832 

:G=�AR@B>GB<�LNKKHNG=BG@L�?HK�MA>�IKH=N<MBHG�IKH<>LL�:G=�?HKF�MA>�FBGBFNF�E>O>E�H?�AR@B>G>�K>JNBK>=�833 

:G=� :IIER� ?HK� MA>� >GMBK>� IKH=N<MBHG� ?:<BEBMR� MANL� GHM� K>LMKB<M>=� MH� HG>� A:S:K=�� -NM� H?� MA>� ��� .0.L�834 

LN@@>LM>=�;R�MA>� '-&�8�I:G>E�H?�#$1�
�<E>:GBG@�:G=�=BLBG?><MBHG
�BG?K:LMKN<MNK>��AR@B>GB<�=>LB@G�
�835 

M><AGB<:E� F:BGM>G:G<>� :G=� PHKD� F>MAH=HEH@R� :K>� <HGLB=>K>=� <KN<B:E� MH� IK>O>GM� L. monocytogenes�836 

<HGM:FBG:MBHG�BG�?KHS>G�O>@>M:;E>L��#$1�� '-&�8�I:G>E
��������2A>L>�?HNK�.0.L�HG�MA>BK�HPG�:G=�BG�837 

BGM>K:<MBHG�PBMA�HG>�:GHMA>K�LAHNE=�K>LNEM�BG�:�=><K>:L>�H?�L. monocytogenes�I>KLBLM>G<>�B?�BFIE>F>GM>=�838 

<HKK><MER��$B@NK>������839 

 >LB=>L� E>@:E� K>JNBK>F>GML
� LM:G=:K=L� IKHOB=>� :==BMBHG:E� K>JNBK>F>GML�� !HFIERBG@� PBMA� <>KM:BG�840 

LM:G=:K=L��>�@�� 0!
�'$1��<:G�;>�L>>G�:L�:�JN:EBMR�BG=B<:MHK�H?�MA>�<HFI:GR�:G=�<:G�;>�H;EB@:MHKR�?HK�841 

LHF>�<NLMHF>KL��$NKMA>K
�M><AGB<:E�LM:G=:K=L�LN<A�:L�MA>�'1-�LM:G=:K=L�=>L<KB;>�<KBM>KB:�MH�I>K?HKF�:�842 

M:LD�:G=�BG<EN=>�=>?BGBMBHGL
�IKH<>=NK>L
�:G=�K>?>K>G<>L�MHP:K=L�PHKD�BGLMKN<MBHGL��2A>L>�BGM>KG:MBHG:E�843 

LM:G=:K=L� :K>� H?M>G� MK:GLE:M>=� MHP:K=L� #NKHI>:G� LM:G=:K=L� �;R� MA>� #NKHI>:G� <HFFBMM>>� ?HK�844 

LM:G=:K=BL:MBHG�–!#,��HK��F>KB<:G�LM:G=:K=L��;R�MA>��F>KB<:G�G:MBHG:E�LM:G=:K=L�BGLMBMNM>� ��,1'���845 

#NKHI>:G�LM:G=:K=L�<:G�MA>G�:@:BG�;>�MK:GLE:M>=�MH�G:MBHG:E�L<:E>�;R�MA>�GHKF:EBL:MBHG�BGLMBMNM>L�H?�>:<A�846 

<HNGMKR�>�@��, ,�?HK� >E@BNF
�,#,�?HK�MA>�,>MA>KE:G=L
��$,-0�?HK�$K:G<>��847 

��� %NB=:G<>�HG�AR@B>G>
�<HGMKHE�F>:LNK>L�:G=�LNKO>BEE:G<>�LMK:M>@B>L�H?�L. monocytogenes�BG�848 

MA>�?HH=�BG=NLMKR��849 

2A>�HG@HBG@�IKH;E>FL�PBMA�L. monocytogenes�K>LNEM>=�BG�MA>�>LM:;EBLAF>GM�H?�F:GR�@NB=>L�;R�H??B<B:E�850 

:@>G<B>L�:G=�L><MHK�HK@:GBL:MBHGL��2A>L>�<:G�;>�?HK�?HH=�IKH=N<ML�BG�@>G>K:E�LN<A�:L�MA>�@NB=>�H?�MA>�851 

<H=>Q� �EBF>GM:KBNL� HG� MA>� :IIEB<:MBHGL� H?� MA>� @>G>K:E� IKBG<BIE>� H?� ?HH=� AR@B>G>� MH� <HGMKHE� L. 852 

monocytogenes� BG� ?HH=L� �!�!
%*� ����������+HK>� H?M>G
� @NB=>L� :K>� =>O>EHI>=� ?HK� :� LI><B?B<� ?HH=�853 

<:M>@HKR
�F:DBG@�MA>F�LMK:B@AM?HKP:K=�?HK�BFIE>F>GM:MBHG��#Q:FIE>L�H?�H??B<B:E�:@>G<B>L�:K>�MA>�$1'1�854 

�$HH=�1:?>MR� :G=� 'GLI><MBHG�1>KOB<>
�3GBM>=�1M:M>L�� ?HK� K>M:BE� =>EB<:M>LL>GL� �$1'1
� �����
� $�-�:G=�855 

5&-�HG�02#�?HH=L��$�-���5&-
�������:G=�#$1��?HK�?KHS>G�O>@>M:;E>L��#$1�
�����;���2A>�@NB=>L�856 

IKHOB=>=� ;R� L><MHK� HK@:GBL:MBHGL� :K>� :ELH� ?HH=� <:M>@HKR�LI><B?B<� PBMA� ?HK� >Q:FIE>� .0-$#*� �MA>�857 
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#NKHI>:G��LLH<B:MBHG�H?�$KNBM�:G=�4>@>M:;E>�.KH<>LLHKL��?HK�JNB<D�?KHS>G�O>@>M:;E>L��.0-$#*
�������858 

:G=�MA>�'GGHO:MBHG�!>GM>K�?HK�31�":BKR�?HK�=:BKR�IKH=N<ML��'GGHO:MBHG�!>GM>K�?HK�31�":BKR
�������  859 

2A>�$�-���5&-�F>GMBHG�:�LNFF:KR�H?� MA>�LNKO>BEE:G<>�IKH@K:FL�K>E:M>=�MH�L. monocytogenes� BG�860 

�NLMK:EB:� :G=� ,>P� 8>:E:G=
� !:G:=:
� !ABG:
� #@RIM
� *:MBG� �F>KB<:� �PBMA� =>M:BEL� ?HK� >:<A� <HNGMKR�
�861 

#NKHI>
� 1HNMA� �?KB<:� :G=� MA>� 3GBM>=� 1M:M>L� MA>FL>EO>L� BG� MA>� F>>MBG@� K>IHKM� <HG<>KGBG@� L. 862 

monocytogenes� BG� 02#�?HH=L� �$�-���5&-
� ������� %NB=>L� HG� :� G:MBHG:E� L<:E>� <HNE=� MANL� ;>� :G�863 

:==BMBHG�MH�BGM>KG:MBHG:E�@NB=>L�:G=�<HNE=�BG<EN=>�<HNGMKR�LI><B?B<�:LI><ML��2A>�$>=>K:E��@>G<R�?HK�MA>�864 

1:?>MR�H?�MA>�$HH=�!A:BG�H?� >E@BNF��$�1$!��@BO>L�MA>�HIMBHG�MH�BG<HKIHK:M>�MA>�%+��FH=NE>�BG�:EE�865 

MA>��NGBJN>�?HK� >E@BNF��L>E?�<A><DBG@�@NB=>L�:O:BE:;E>�?HK�MA>�?HH=�BG=NLMKR��2A>�FH=NE>�BL�HG>�H?�?HNK�866 

:==BMBHG:E� FH=NE>L� MA:M� <:G� ;>� BG<HKIHK:M>=� BGMH� MA>� F:GR� :IIKHO>=� L>E?�<A><DBG@� @NB=>L� :G=� BL�867 

=>O>EHI>=�;R�$#4'���?>=>K:MBHG�H?�MA>� >E@B:G�?HH=�BG=NLMKR��:G=�%A>GM�3GBO>KLBMR�� >E@BNF���2A>�868 

%+��FH=NE>�<HG<>KGL�MA>�<HGMKHE�H?�>GOBKHGF>GM:E�I:MAH@>GL��GH�?HH=�IKH=N<M�<:M>@HKR�LI><B?B>=�
�869 

:FHG@� PAB<A� L. monocytogenes
� BG� MA>� ?HH=� BG=NLMKR� �$�1$!
� ����
������ $#4'�
� ������� #O>G�870 

<HFI:GB>L�=>O>EHI�@NB=>L�MH�<HGMKHE�L. monocytogenes��!AKBLM>RGL
��������'G=>I>G=>GMER�B?�MA>�@NB=>L�871 

:K>�HG�:�G:MBHG:E�HK�BGM>KG:MBHG:E�L<:E>
�<HO>K�?HH=�IKH=N<ML�BG�@>G>K:E�HK�:�LI><B?B<�?HH=�<:M>@HKR
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IK:<MB<:E� BFIE>F>GM:MBHG�H?�IK>�K>JNBLBM>�IKH@K:FL�:G=
HK� L:FIEBG@�LMK:M>@B>L� MH�FHGBMHK�AR@B>G>� BL�873 
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�:G=�MA>�G><>LLBMR�H?�O:EB=:MBHG
O>KB?B<:MBHG���879 

!E>:GBG@�:G=�=BLBG?><MBHG�FNLM�<HFIER�PBMA�LHF>�E>@:E�K>JNBK>F>GML�� >LB=>L�MA>�=>?BGBMBHGL�?HK�!�"
�880 

MA>�!H=>Q��EBF>GM:KBNL��!�!
0!.���������F>GMBHGL�AHP�MH�LMHK>�<E>:GBG@�<A>FB<:EL
�PA:M�:�<E>:GBG@�881 

IKH<>=NK>� G>>=L� MH� BGOHEO>� :G=� MA:M� MA>� <E>:GBG@� >JNBIF>GM
� NM>GLBEL
� :G=� LNK?:<>L� :ELH� G>>=� MH� ;>�882 

<E>:G>=� :G=� =BLBG?><M>=� PA>K>� G><>LL:KR�� 0NE>L� LNKKHNG=BG@� MA>� IKH=N<ML
� FHK>� LI><B?B<:EER� MA>�883 

=BLBG?><M:GML
�NL>=�BG�!�"�H?�MA>�?HH=�:G=�?>>=�BG=NLMKR�:K>�E:B=�=HPG�BG�MA>�;BH<B=>�K>@NE:MBHG��#3��884 
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�����LM:M>L�MA:M�=BLBG?><M:GML�:G=�MA>BK�:<MBO>�<HFIHG>GML�A:O>�MH�885 

NG=>K@H�:G�:NMAHKBS:MBHG�IKH<>=NK>�;>?HK>�MA>R�<:G�;>�IE:<>=�HG�MA>�F:KD>M�:G=�NL>=��2A>�#NKHI>:G�886 

<A>FB<:EL�:@>G<R��#!&���A:G=E>L�MA>L>�:NMAHKBS:MBHG�IKH<>=NK>L��#!&�
�G�=������PAHE>�=H<NF>GM�HG�887 

MA>� IKH<>=NK>� :G=� M>LMBG@� GHKFL� :K>� IKHOB=>=� ;R� #!&�� MH� :NMAHKBS>� :� =BLBG?><M:GM
� MABL� IKH<>=NK>�888 

<HGM:BGL� =B??>K>GM� IA:L>L� LM:KMBG@� ?KHF� LBFIE>� LNLI>GLBHG� M>LML� MH� ?B>E=� MKB:EL� =HG>� :L� LI><B?B>=� BG�889 

BGM>KG:MBHG:E�LM:G=:K=L��'1-
�!#,���#!&�
��������+>R>K�>M�:E���������<HG?BKF>=�MA:M�HG>�H?�MA>L>�#,�890 

GHKFL��#,����������
�GHP�K>IE:<>=�;R�#,�����������	���������P:L�:�K>:EBLMB<�PHKLM�<:L>�L<>G:KBH�891 

H?�MA>�?HH=�;NLBG>LL�BG=NLMKR�;HMA�?HK�MA>�FB<KH;B:E�EH:=�:G=�?HK�MHM:E�HK@:GB<�<:K;HG��,HM�:EP:RL�IKHOB=>�892 

>??B<:<R�M>LML�:�K>:EBLMB<�L<>G:KBH�>�@��;BH?BEFL��I:KM����������893 

#&#"%��#NKHI>:G�&R@B>GB<�#G@BG>>KBG@���">LB@G�%KHNI��>LM:;EBLA>=�O:KBHNL�@NB=>EBG>L�:G=�;HHDL�894 

<HG<>KGBG@� AR@B>GB<� =>LB@G� �#&#"%
� G�=���� 1I><B:E� KNE>L� <HG<>KGBG@� MA>� NL>� H?� <E>:GBG@� :G=�895 

=BLBG?><MBHG�:@>GML�BG�IKH=N<MBHG�:G=�LMHK:@>�:K>:L�:IIER�?HK�HK@:GB<�IKH=N<ML�PA>K>�MA>�<HFFBLLBHG�BL�896 

:NMAHKBL>=�MH�F:D>�:�K>LMKB<MBO>�EBLM�HG�PAB<A�LN;LM:G<>L�<:G�;>�NL>=��0>@NE:MBHG��#!��,H������
�������897 

">O>EHIBG@� :� !�"� IKHMH<HE� M:D>L� MBF>� :G=� BG?HKF:MBHG� G>>=L� MH� ;>� @:MA>K>=� MH� <HF>� NI�PBMA� :G�898 

:IIKHIKB:M>�!�"�=K:?M�IK><>=BG@�O:EB=:MBHG��%KB??BMA
�������&HE:A
��������5A>G�:GRMABG@�<A:G@>L�BG�899 

MA>�IKH<>LL
�>JNBIF>GM�HK�IKH=N<ML�NL>=
�K>O:EB=:MBHG�FNLM�;>�=HG>��#&#"%
��������"NKBG@�O:EB=:MBHG
�900 

>QMK:�BG?HKF:MBHG
�>�@��MA>�EH<:MBHG�H?�=B??B<NEM�MH�<E>:G�IE:<>L
�MA>�BG?EN>G<>�H?�MA>�?HH=�F:MKBQ
�:G=�MA>�901 

BG?EN>G<>�H?�MA>�>GOBKHGF>GM��>�@��ANFB=BMR
�P:M>K�A:K=G>LL��<:G�;>�GHMB<>=�:G=�NL>=�MH�HIMBFBL>�MA>�902 

!�"�K>@BF>�� E:G=�>M�:E�
�������!��%KB??BMA
���������903 

">LB@GBG@�:�!�"�IKH<>=NK>� BL� <HFIE>Q�:G=�HGER�PA>G�:EE� MA>�IK:<MB<:E� :G=�IHM>GMB:E� IKH;E>FL�:K>�904 

B=>GMB?B>=
�:�=K:?M�!�"�IKH<>=NK>�<:G�;>�F:=>��%KB??BMA
�������&HE:A
��������2A>�!�"�=>I>G=L�HG�MA>�905 

<A:K:<M>KBLMB<L�H?�MA>�LBM>
�LH�:�LBM>�LNKO>R�FNLM�;>�=HG>�:G=�NL>=�MH�=>M>KFBG>�:G�>??><MBO>�!�"�K>@BF>��906 

5BMA�MABL�LBM>�LNKO>R
�:LI><ML�EBD>�<HGLMKN<MBHG
�IKH=N<MBHG�?EHP
�LAB?M�I:MM>KGL
�M>FI>K:MNK>
ANFB=BMR�907 

I:MM>KGL�:G=�MRI>L�H?�?HH=�K>LB=N>�:K>�=>M>KFBG>=��%KB??BMA
�������&HE:A
�������.>KGB�>M�:E�
���������908 

$NKMA>K
�F:GR�I:K:F>M>KL�BG?EN>G<>�MA>�:IIEB>=�=HLBG@�H?�MA>�=BLBG?><M:GM�:G=�FB@AM�K>LNEM�BG�MA>�G>>=�909 

MH� :IIER� AB@A>K� <HG<>GMK:MBHGL� MA:G� K><HFF>G=>=� ;R� MA>�F:GN?:<MNK>K� H?� MA>� <E>:GBG@
=BLBG?><MBHG�910 
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IKH=N<M��I:KM���������-O>K:EE
�AB@A>K�IKH<>LLBG@�M>FI>K:MNK>L�:G=�EHG@>K�KNGGBG@�I>KBH=L�;>?HK>�<E>:GBG@�911 

BG<K>:L>� MA>�=B??B<NEMR� H?� K>FHOBG@� MA>� LHBE� �&HE:A
��������"BLBG?><M:GML�F:R� <HGM:BG� L>O>K:E� :<MBO>�912 

<HFIHNG=L�MH�H;M:BG�MA>�FHLM�>??><MBO>�LHENMBHG�?HK�?HH=�>LM:;EBLAF>GML��">;>O>K>�>M�:E�
��������-G<>�913 

MABL�<HF;BG:MBHG�BL�HIMBFBS>=�:G=�I:LL>L�BG�AHNL>�M>LML
�MA>�=BLBG?><M:GM�NL>=�<:G�K>F:BG�MA>�L:F>�?HK�914 

=><:=>L��&HE:A�>M�:E�
���������L�PBEE�;>�=BL<NLL>=�BG�MA>�BGM>KO>GMBHG�LMK:M>@R�BG?K:LMKN<MNK>��I:KM�����
�915 

MA>�F:M>KB:E�H?�MA>�LNK?:<>L�:G=�MA>�=>LB@G�H?�MA>�>JNBIF>GM�BG?EN>G<>�MA>�!�"�K>@BF>�LMKHG@ER��&HE:A
�916 

������.>KGB�>M�:E�
��������917 

2A>� K>FHO:E� DBG>MB<L� <HGLBLM� H?� =B??>K>GM� :<MBHGL� >:<A� A:OBG@� BML� <HGMKB;NMBHG� =>I>G=BG@� HG� MA>�918 

<BK<NFLM:G<>L�� ]G]S><A���$:BEE>
����������!�"�IKH<>=NK>�BL�:�<HF;BG:MBHG�H?�F><A:GB<:E�>G>K@R����919 

IARLB<:E� K>FHO:E� H?� LHBEL�
� <A>FB<:E� >G>K@R� ��� ;K>:DBG@� =HPG� LHBEL�
� MA>KF:E� >G>K@R� :G=� MBF>� ���920 

Sinner’s circle). Each IB><>�H?�>JNBIF>GM��HK�>O>G�>JNBIF>GM�I:KML��F:R�K>JNBK>�BML�LI><B?B<�<HF;BG:MBHG�921 

:G=� MANL� !�"� IKH<>=NK>� � ]G]S><A��� $:BEE>
� ������ $:BEE>� >M� :E�
� ������ &HE:A
� ������� 'G� @>G>K:E
�922 

<A>FB<:E�:G=�F><A:GB<:E�>G>K@R�BL�BG<K>:L>=�PA>G�:IIERBG@�AB@A>K�M>FI>K:MNK>L�:G=
HK�EHG@>K�<HGM:<M�923 

MBF>L��$:BEE>�>M�:E�
�������&HE:A
��������+><A:GB<:E�>G>K@R�<:G�;>�IARLB<:E�:;K:LBHG�>�@��;KNLA>L�:G=�924 

L<K:IBG@�;NM�:ELH�?ENB=�:;K:LBHG��$:BEE>�>M�:E�
�������&HE:A
��������$ENB=�:;K:LBHG�NL>L�P:M>K�MH�<K>:M>�925 

LA>:K�LMK>LL�HG�MA>�LNK?:<>�:G=�<:G�;>�=HG>�;R�:�<HGMBGNHNL�IK>LLNK>�C>M�LMK>:F�HK�;R�:�INEL:MBG@�LMK>:F�926 

PAB<A�M>G=L�MH�@BO>�;>MM>K�EHP>K�K>LB=N:E�<HGM:FBG:MBHG�=N>�MH�AB@A>K�LA>:K�P:EE�LMK>LL>L�� ]G]S><A���927 

$:BEE>
������� E>E�>M�:E�
������� H=>�>M�:E�
�������%BEEA:F�>M�:E�
��������!A>FB<:E�:G=�F><A:GB<:E�:<MBHG�928 

F:R�IE:R�:G�BFIHKM:GM�KHE>�BG�MA>�K>FHO:E�H?�;BH?BEFL��!NG:NEM�>M�:E�
��������2A>�F:BG�@H:E�MH�K>FHO>�929 

;BH?BEFL� BL� MA>�;K>:D=HPG�H?� MA>�#.1�F:MKBQ
�PAB<A�PBEE� ;>�FHLMER� :<AB>O>=�;R�F><A:GB<:E� :<MBHG�930 

� KB=B>K�>M�:E�
��������"BLKNIMBG@�MA>�#.1�F:MKBQ
�K>FHO>L�MA>�=B??NLBHG�H?�MA>�IKH=N<ML�BGLB=>�MA>�;BH?BEF�931 

:G=�MANL�>GA:G<>L�MA>�>QIHLNK>�<HG<>GMK:MBHG�H?�MA>�<>EEL�MH�MA>�IKH=N<ML�� KB=B>K�>M�:E�
�������� ]G]S><A�932 

��$:BEE>��������BGO>LMB@:M>=�MA>�KHE>�H?�MA>�F><A:GB<:E�:G=�<A>FB<:E�:<MBHG�HG�MA>�!'.�K>FHO:E�H?�P.  933 

fluorescens ;BH?BEFL����A
���T!�.�2A>�F><A:GB<:E�:<MBHG��LA>:K�LMK>LL���MH����.:� P:L�K>LIHGLB;E>�?HK�934 

MA>�K>FHO:E�H?�;BH?BEF�<ANGDL�:G=�LBG@E>�<>EEL
�:G=�MA>�<A>FB<:E�:<MBHG������–�����P
P��,:-&��F:BGER�935 

=BLKNIM>=
� :G=� =>LM:;BEBS>=� ;BH?BEF� <ENLM>KL�� 2A>� LRG>K@BLMB<� >??><M� H?� ;HMA� :<MBHGL� @:O>� MA>� AB@A>LM�936 

K>FHO:E�K:M>L��2A>�BFIHKM:G<>�H?�MA>�<A>FB<:E�:<MBHG�P:L�<HG?BKF>=�;R�$:BEE>�>M�:E���������HG�Bacillus�937 
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LIHK>L�:MM:<A>=� MH�:�LM:BGE>LL�LM>>E�LNK?:<>�:G=�P:L�LMK:BG�=>I>G=>GM�� BH?BEFL�:K>�<HGLB=>K>=�AB@AER�938 
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<HG<>GMK:MBHGL�P>K>�<:I:;E>�H?�K>:<ABG@������EH@L�!$3
<F��K>=N<MBHGL���942 

 >LB=>L�MA>�>G=�IKH=N<MBHG�!�"�IKH<>=NK>
�L>O>K:E�HMA>K�MRI>L�H?�!�"�IKH<>=NK>L�<:G�;>�=HG>�LN<A�943 

:L�BG�IKH=N<MBHG�!�"
�BGM>K�IKH=N<MBHG�!�"�:G=�LBM>�=><HGM:FBG:MBHG��2A>�!�"�IKH<>=NK>�BML>E?�BL�944 

FHK>�<HFIE>Q�MA:G�CNLM�:IIERBG@�MA>�IKH=N<M�:G=�KBGLBG@��$HH=�K>LB=N>L�G>>=�MH�;>�K>FHO>=�:L�FN<A�:L�945 
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OBLN:EER�:G=�PBMA�;BH<A>FB<:E�M>LML��"KRBG@�<:G�;>�:IIEB>=�:?M>K�MA>�<E>:GBG@�IA:L>�MH�:OHB=�=BENMBHG�H?�950 

MA>� =BLBG?><M:GM�� 2A>� =BLBG?><M:GM� BL� KBGL>=� H??� :G=� :GHMA>K� M>LM� BL� =HG>� MH� O>KB?R� B?� MA>� LNK?:<>� BL�951 

:=>JN:M>ER�<E>:G>=�:G=�=BLBG?><M>=��=>�0>N�>M�:E�
��������"KRBG@�MA>�LNK?:<>�:?M>K�MA>�!�"�IKH<>=NK>�952 

FB@AM�GHM�HGER�>GA:G<>� MA>�>??><MBO>G>LL�H?� MA>�IKH<>=NK>�:L�IKHO>G�;R�-O>KG>R�>M�:E�� ������� �I:KM�953 
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�;NM�BM�F:R�:ELH�:B=�BG�MA>�IK>O>GMBHG�H?�<KHLL�<HGM:FBG:MBHG�:L�P>M�LNK?:<>L�F:R�>GA:G<>�<KHLL�954 

<HGM:FBG:MBHG�BG�<HFI:KBLHG�MH�=KR�LNK?:<>L�;R�H??>KBG@�<BK<NFLM:G<>L�?HK�FB<KH;B:E�@KHPMA��%KB??BMA
�955 

�������2A>�!�"�IKH<>=NK>�LAHNE=�>G=�PBMA�MA>�<E>:GBG@�:G=�=BLBG?><MBHG�H?�MA>�<E>:GBG@�NM>GLBEL�:G=�956 

EHHL>�>JNBIF>GM���957 

5A>G�?BGBLABG@�MA>�!�"�IKH@K:F�?HK�MA>�>JNBIF>GM
�BM�BL�BFIHKM:GM�MH�K>:EBS>�MA:M�MA>�>GOBKHGF>GM�:G=�958 

>JNBIF>GM�BGLB=>�:�<>KM:BG�>GOBKHGF>GM�?HKF�:�PAHE>�:G=�MANL�G>>=�MH�;>�<E>:G>=�:M�MA>�L:F>�MBF>�MH�959 

:OHB=�K><HGM:FBG:MBHG�:?M>K�!�"�:G=�<KHLL�<HGM:FBG:MBHG�=NKBG@�IKH=N<MBHG��&HE:A
��������!E>:GBG@�960 

NM>GLBEL
�PAB<A�:K>�:�F:CHK�LHNK<>�H?�<KHLL�<HGM:FBG:MBHG
�:K>�K:K>ER�<HGLB=>K>=�BG�?HH=�L:?>MR���L�:G�961 

>Q:FIE>
�:�3)�@HO>KGF>GM�?NG=>=�LMN=R��&HE:A
�������?HNG=�MA:M�����H?�MA>�<E>:GBG@�NM>GLBEL�P>K>�962 

<HGM:FBG:M>=�PBMA�L. monocytogenes �1FBMA
��������$NKMA>K
�1<AZ?>K�>M�:E���������GHMB<>=�MA:M�����H?�963 

MA>�>JNBIF>GM�:G=�IKH<>LLBG@�NM>GLBEL�NL>=�?HK�MAB@AL�BG�:�IHNEMKR�IKH<>LLBG@�IE:GM�P>K>�<HGM:FBG:M>=�964 
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PBMA�L. monocytogenes� :G=� MA:M� :?M>K� !�"
� MABL� P:L� LMBEE� ����� 2H� HO>K<HF>� MABL
� %$1'�:IIKHO>=�965 

�%EH;:E�$HH=�1:?>MR�'GBMB:MBO>��LM:G=:K=L�EBD>� 0!�� KBMBLA�0>M:BE�!HGLHKMBNF��:G=�'$1��'GM>KG:MBHG:E�966 

$HH=�1M:G=:K=��BG<HKIHK:M>=�MA>�<E>:GBG@�H?�<E>:GBG@�NM>GLBEL�BG�MA>BK�LM:G=:K=L�LH�MA:M�?HH=�;NLBG>LL�967 

HI>K:MHKL�I:R�:MM>GMBHG�MH�MA>F��!E>:GBG@�NM>GLBEL�G>>=�MH�;>�<E>:G>=�:G=�=BLBG?><M>=�:M�E>:LM�HG<>�:�=:R
�968 

HK�FHK>�B?�K>JNBK>=��5A>G�NLBG@�“sanitiser baths”, frequently replacing the fluid is necessary to avoid a 969 

=><K>:L>�BG�>??B<B>G<R�=N>�MH�MA>�IK>L>G<>�H?�HK@:GB<�F:MM>K��1FBMA
��������2H�=>M>KFBG>�MA>�<E>:GBG@�970 

E>O>E
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��@HH=�!�"�BGOHEO>L�FHGBMHKBG@��&HE:A
�������� :=�<E>:GBG@�FB@AM�K>LNEM�BG�:�?:BE>=�!�"��+HGBMHKBG@�972 
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Test 2:�1N;FBM�MA>�LMK:BGL�MH��Q+'!
��Q+'!�:G=��Q+'!��

7>L
�F:Q����?HE=�
BG<K>:L>�BG�MA>�

+'!
�?HK�/�!�:G=�
M>KMB:KR�:EDRE:FBG>�
MABL�>??><M�P:L�

LM:;E>�?HK�NI�MH����
=:RL���

7>L� 
� 'GBMB:E�+'!�=B??>K>=�
;>MP>>G�I>KLBLM>GM�:G=�

IK>LNF>=�GHG�
I>KLBLM>GM�LMK:BGL
�;NM�
:?M>K�:=:IM:MBHG
�:EE�
LMK:BGL�K>:<A>=�LBFBE:K�

+'!�O:EN>L��

0
H>
=>
E�>
M�:
E��
��
��
��
�

.E:GDMHGB<�� Prod. 1:� �!���������M>LM�K:G@>�����MH������F@
E��
Prod. 2:�%ENM:K:E=>AR=>��������M>LM�K:G@>���
����MH����F@
E�
Prod. 3:�'LHIKHI:GHE�����������M>LM�K:G@>�����
����MH��
����F@
E�
Prod. 4:�1H=BNF�ARIH<AEHKBM>��������M>LM�K:G@>���
����MH������F@
E�
Prod. 5:�.>K:<>MB<�:<B=�����������M>LM�K:G@>���
����MH����F@
E�
Prod. 6�� BH<B=:E�IKH=N<M�<HGM:BGBG@�;BL���:FBGHIKHIRE��=H=><RE:FBG>�����PM
PM����M>LM�K:G@>��
���MH�����F@
E�
�
Test:�">M>KFBG>�+'!
+ !�O:EN>L�?HK�>:<A�IKH=N<M�:<<HK=BG@�MH�MA>�@BO>G�M>LM�K:G@>���


� 7>L� 
� 7>L
�;NM�MA>�F:CHKBMR�
H?�MA>�LMK:BGL�

IHLL>LL>=�LBFBE:K�
+'!
+ !�O:EN>L��

.:
G@
�>
M�:
E��

��
��
��
�

 BH?BEF�
�

Test:��5ABLI>K2+��������:EDRE�=BF>MARE�;>GSRE�:FFHGBNF�<AEHKB=>
�������H<MRE�=><RE�
=BF>MARE�:FFHGBNF�<AEHKB=>
�������=H=><RE�=BF>MARE�:FFHGBNF�<AEHKB=>
�������=BH<MRE�
=BF>MARE�:FFHGBNF�<AEHKB=>��+0!�����IIF�?HK���FBGNM>��!E>:G��=BENM>=�21 ��:G=�LHBE>=�
�L:EFHG�;KHMA��<HG=BMBHGL�P>K>�M>LM>=�� >LB=>L�FHGH�LI><B>L�Listeria monocytogenes�;BH?BEFL�
:ELH�FNEMB�LI><B>L��<NEMBO:M:;E>�BG=B@>GHNL�FB<KHHK@:GBLFL�H?�L:EFHG��;BH?BEFL�P>K>�NL>=� 


� ,H
���EH@�!$3
<F��
K>=N<MBHGL�P>K>�GHM�:EP:RL�

:<AB>O>=��

7>L
�:�AB@A>K�
K>LBLM:G<>�BG�L:EFHG�
;KHMA�<HFI:K>=�MH�
=BENM>=�21 ��

-E=>K�;BH?BEFL�LAHP>=�
AB@A>K�K>LBLM:G<>��

+BQ>=�LI><B>L�LAHP>=�
O:KRBG@�>??><ML�HG�

K>LBLM:G<>��=><K>:L>=
�
GH�=B??>K>G<>��
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2:;E>���<HGMBGN>=�1888 

 

PLANKTONIC/ 
ATTACHED/ 
BIOFILM 
CELLS USED 

DISINFECTANT/CLEANERS USED + TEST PERFORMED/ C&D SIMULATED 

INCREASED 
TOLERANCE 
DETECTED 

AND ITS 
STABILITY 

MRC SUFFICIENT? 
EFFECT OF 
ORGANIC 
MATTER 

VARIABILITY 
AMONG STRAINS? 

 
HN
<A
>K
�>
M�:
E��
��
��
��
�

.E:GDMHGB<� Prod. 1: !BMKB<�:<B=��+0!����������P
O����:=:IM:MBHG�BG�������H?�<BMKB<�:<B=���
Prod. 2: !HGO>GMBHG:E�JN:M>KG:KR�:FFHGBNF�<HFIHNG=��+0!�����IIF��:=:IM:MBHG�BG����IIF�
Prod. 3:  >GS:EDHGBNF�<AEHKB=>��+0!�����IIF 
 
Test 1: + !�M>LML��:EE�IKH=N<ML�
�L>KB:E���?HE=�=BENMBHGL�P>K>�F:=> 
Test 2: ">M>KFBG:MBHG�H?�@KHPMA�K:M>L�BG�MA>�IK>L>G<>�H?�LN;E>MA:E�<HG<>GMK:MBHGL�H?�IKH=����HK�
���
Test 3��3L>�H?�IKH=����:G=���BG�+0!�<HG<>GMK:MBHGL�HG�;BH?BEFL�HG�LM:BGE>LL�LM>>E�:G=�AB@A�
=>GLBMR�IHER>MARE>G>��


�

7>L
�MABL�:M��
���
���
�:G=�
���T!��M>FI>K:MNK>�=B=�
BG?EN>G<>�>??B<:<R��


�

7>L
�O:KB:;BEBMR�P:L�
L>>G�F:BGER�?HK�IKH=��

��

 BH?BEF�
,H
�IKH=����A:=�:G�

>??B<B>GR�:M��T!�H?����
�
IKH=����H?�����

7>L
�F:BGER�HG�
LM:BGE>LL�LM>>E�

1M
HE
E>
K�>
M�:
E��

��
��
��
�

.E:GDMHGB<� Prod. 1:  >GS:EDHGBNF�<AEHKB=>��+0!�����–�����V@
F*�
Prod. 2: .>K:<>MB<�:<B=��+0!���������
�
Test 1��+'!�=>M>KFBG:MBHG��@KHPMA� &'�:@:K�IE:M>L�LNIIE>F>GM>=�PBMA�IKH=����
Test 2:�">M>KFBG>�+'!
+ !�O:EN>L�?HK�>:<A�IKH=N<M�:<<HK=BG@�MH�MA>�@BO>G�M>LM�K:G@>�H?�IKH=��
��BG� &'�:G=�M:I�P:M>K���

,H� 7>L� 7>L
�MA>�+ !�P:L�
:;HO>�MA>�+0!�BG�
 &'
�;NM�P>EE�;>EHP�
MA>�+0!�BG�M:I�P:M>K��

7>L�

%
HG
SX
E>
S�
$:
G=
HL
�>
M�:
E��
��
��
��
� .E:GDMHGB< � Prod. 1: 2>KMB:KR�:EDRE:FBG>��	�L>JN>LMK:GM
�:GMB?H:FBG@���+0!����������

Prod. 2: /�!��	GHG�BHGB<�LNK?:<M:GML
�IHERIAHLIA:M>L
�IHM:LLBNF�AR=KHQB=>
�:ED:EBG>�L:EML���
+0!�������
Prod. 3: $HKF:E=>AR=>�	�@ENM:K:E=>AR=>�	�@ERHQ:E�	�=H=><RE�=BF>MARE�:FFHGBNF�<AEHKB=>�
�/�!���	BHGB<�LNK?:<M:GML���+0!���������
Prod. 4: !AEHKA>QB=BG>��	@ER<>KBG>���+0!��������
Prod. 5: .>K:<>MB<�:<B=�	�AR=KH@>G�I>KHQB=>��+0!������������
�
Test:�2>LM�>??><MBO>G>LL�NLBG@�MA>�AB@A>LM�:G=�MA>�EHP>LM�K><HFF>G=>=�<HG<>GMK:MBHG����HK����
FBGNM>L�>QIHLNK>�MBF>�
�MABL�PBMA�HK�PBMAHNM�MA>�IK>L>G<>�H?������HK@:GB<�F:MM>K� 


� 7>L
�;NM�MA>�EHP>LM�
K><HFF>G=>=�

<HG<>GMK:MBHGL�P>K>�GHM�
:EP:RL�<:I:;E>�H?�K>:<ABG@�
LN??B<B>GM�K>=N<MBHG��2A>�
L:F>�<HNGML�?HK���FBGNM>L�

>QIHLNK>�MBF>����

7>L
�>??><MBO>G>LL�
<HNE=�;>�:??><M>=�;R�
MA>�IK>L>G<>�H?�

HK@:GB<�F:MM>K�:G=�GH�
��EH@
FE�K>=N<MBHG�
<HNE=�;>�:<AB>O>=�?HK�
LHF>�IKH=N<ML��


�

'_
B@
N>
S�
+
HK
>G
H�
>M
�:
E��

��
��
��
�

.E:GDMHGB<��
�

Prod. 1: 1�,'!'.�/���/�!���+0!�����F@
�
Prod. 2: 1�,'!'.�.*31��BH=BG>�;:L>=���+0!����F@
E�
Prod. 3: 1�,'!'.�.����I>K:<>MB<�:<B=�	�AR=KH@>G�I>KHQB=>�	�:<>MB<�:<B=���+0!�����F@
E�
Prod. 4: 1�,'!'.�-1���=BLBG?><M:GM�=>M>K@>GM�:<B=�:GBHGB<�@K>:L>
�+BQ�H?�:GBHGB<�LNK?:<M:GM�
:G=�IAHLIAHKB<
�LN<<BGB<�:G=�H<M:GHB<�:<B=L���+0!�����F@
E�
�
Test��2>LM�MA>�>??><MBO>G>LL�H?�MA>�IKH=N<ML�:@:BGLM�MA>�+0!�<HG<>GMK:MBHGL�BG�MA>�IK>L>G<>�H?�
F>:M�>QMK:<M
�>@@�RHED�:G=�PAHE>�FBED����L�<HGM:<M�MBF>�� 


� 7>L
�PBMAHNM�HK@:GB<�
F:MM>K�:EP:RL���EH@
FE�

K>=N<MBHG���

7>L
�HK@:GB<�F:MM>K�
=><K>:L>=�>??B<B>G<R�

�>??><M�O:KB>=�
=>I>G=BG@�HG�IKH=N<M�
:G=�MRI>�H?�HK@:GB<�

F:MM>K���

 >MP>>G�LI><B>L��HGER�
��Listeria 

monocytogenes LMK:BG�
P:L�NL>=��



82 
 

2:;E>���<HGMBGN>=�1889 

 

PLANKTONIC/ 
ATTACHED/ 
BIOFILM 
CELLS USED 

DISINFECTANT/CLEANERS USED + TEST PERFORMED/ C&D SIMULATED 

INCREASED 
TOLERANCE 
DETECTED 

AND ITS 
STABILITY 

MRC SUFFICIENT? 
EFFECT OF 
ORGANIC 
MATTER 

VARIABILITY 
AMONG STRAINS? 

�
:K
GB
L:
EH
�>
M�:
E��
��
��
��
�

.E:GDMHGB<� Prod. 1: .>K:<>MB<�:<B=������
�AR=KH@>G�I>KHQB=>���������
�:<>MB<�:<B=��������
�IAHLIAHGB<�
:<B=��������+0!����������
Prod. 2: .>K:<>MB<�:<B=������
�AR=KH@>G�I>KHQB=>���������
�:<>MB<�:<B=��������
�IAHLIAHGB<�
:<B=������
�GHG�BHGB<�M>GLB=>L��������+0!�������
Prod. 3: .>K:<>MB<�:<B=������
�AR=KH@>G�I>KHQB=>���������
�:<>MB<�:<B=��������
�IAHLIAHGB<�
:<B=������
�:GBHGB<�M>GLB=>L��������+0!����������
Prod. 4: #MA:GHE���������+0!�������
Prod. 5: 1H=BNF�ARIH<AEHKBM>������
�:<MBO>�<AEHKBG>�����
�LH=BNF�AR=KHQB=>��������+0!��
��������
Prod. 6: �EDRE�=BF>MARE�;>GSRE�:FFHGBNF�<AEHKB=>�������
�LRGMA>MB<�M>GLB=>L��+0!������
�����
Prod. 7: 'LHIKHI:GHE���������
���IKHI:GHE���������+0!�������
Prod. 8: .>K:<>MB<�:<B=������
�AR=KH@>G�I>KHQB=>���������
�:<>MB<�:<B=����������+0!������
���
Prod. 9: 1H=BNF�AR=KHQB=>��������
�LH=BNF�ARIH<AEHKBM>������
�:<MBO>�<AEHKBG>�������+0!��
�����
Prod. 10: .HM:LLBNF�AR=KHQB=>��������
�LH=BNF�ARIH<AEHKBM>������
�:<MBO>�<AEHKBG>�����
�
GHG�BHGB<�M>GLB=>L������
�IAHLIAHG:M>L��������+0!�������
Prod. 11: 1H=BNF�AR=KHQB=>��������
�LH=BNF�ARIH<AEHKBM>������
�GHG�BHGB<�M>GLB=>L������
�
IAHLIAHG:M>L��������+0!��������
Prod. 12: .HM:LLBNF�AR=KHQB=>��������
�LH=BNF�ARIH<AEHKBM>������
�:GBHGB<�M>GLB=>L��������
+0!�������
�
.E:GDMHGB<���
Test 1:�1NLI>GLBHG�M>LM��IKH=N<M�����
�EHP>LM�K><HFF>G=>=�<HG<>GMK:MBHG�P:L�NL>=�MH�LM:KM�:G=�
BG<K>:L>=�B?�IKHO>=�BG>??><MBO>��"B??>K>GM�<HG<>GMK:MBHG�H?�;HOBG>�:E;NFBG�BG=B<:M>=�<E>:G�
�������HK�LHBE>=�������<HG=BMBHGL��
Test 2:�+'!�M>LML��:EE�IKH=N<ML�
�L>KB:E���?HE=�=BENMBHGL�P>K>�F:=>��
�
 BH?BEF��Test 1:��1NLI>GLBHG�M>LM�PBMA�MA>�EHP>LM�K><HFF>G=>=�<HG<>GMK:MBHG��


� +:R;>
�BG�;HMA�<E>:G�:G=�
LHBE>=�<HG=BMBHGL�LHF>�
IKH=N<ML��IKH=���
��
����

G>>=>=�AB@A>K�
<HG<>GMK:MBHGL�MA:G�MA>�

EHP>LM�+0!�;HNG=:KR�HK�:�
EHG@>K�BG<N;:MBHG�MBF>��$HK�
IKH=�����MABL�LMBEE�P:L�GHM�

>GHN@A��

7>L
�LHBE>=�<HG=BMBHGL�
LAHP>=�EHP>K�

K>=N<MBHGL�<HFI:K>=�
MH�<E>:G�<HG=BMBHGL��

7>L
�+'!�O:EN>L�
=B??>K>=��

 BH?BEF� 
� +:R;>
�<HFIE>M>�
BG>??><MBO>G>LL�<:GGHM�
;>�=>M>KFBG>=�:L�

BGLN??B<B>GM�K>=N<MBHGL�
P>K>�:<AB>O>=�?HK�IKH=��

��:G=���:G=�GH�
<HG<>GMK:MBHGL�G>:K�MA>�
NII>K�;HNG=�H?�MA>�
+0!�P>K>�M>LM>=��

7>L
�LHBE>=�
<HG=BMBHGL�

H<<:LBHG:EER�@BO>�
E>LL�K>=N<MBHG��

7>L
�GHM�:EE�LMK:BGL�
<HNE=�;>�

LN??B<B>GMER�K>=N<>=�
;R�IKH=����:G=���:M�
MA>�BGBMB:E�M>LM>=�
<HG<>GMK:MBHG��

�1890 
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2:;E>���<HGMBGN>=�1891 

 

PLANKTONIC/ 
ATTACHED/ 
BIOFILM 
CELLS USED 

DISINFECTANT/CLEANERS USED + TEST PERFORMED/ C&D SIMULATED 

INCREASED 
TOLERANCE 
DETECTED 

AND ITS 
STABILITY 

MRC SUFFICIENT? 
EFFECT OF 
ORGANIC 
MATTER 

VARIABILITY 
AMONG STRAINS? 

.H
BF
>G
B=
HN
�>
M�:
E��
��
��
��
�

.E:GDMHGB<� Disinfectant solutions:  
Prod. 1��.��HQRL:G��I>K:<>MB<�:<B=�PBMA�:�+0!�H?���������IIF�:M�����T!�?HK������FBG��
Prod. 2��.��MKBJN:KM��JN:M>KG:KR�:FFHGBNF�<HFIHNG=�PBMA�:�+0!�H?����������IIF�:M�
:F;B>GM�M>FI>K:MNK>�?HK��������FBG��
Test 1: +'!�=>M>KFBG:MBHG�H?�IE:GDMHGB<�LMK:BGL�BG�21 � 
Test 2:� BH?BEF�>K:=B<:MBHG�<HG<>GMK:MBHG�� #!��HGER�HG�IHERLMRK>G> �<HGM:<M�H?���FBG�:M�
��T!���<HG<>GMK:MBHG�:M�PAB<A�GH�@KHPMA�H?�MA>�;BH?BEF�BL�H;L>KO>=�� 
Test 3:�!HFI:K:MBO>�K>LBLM:G<>�MH�=BLBG?><M:GML��#QIHLBG@���A�HE=�;BH?BEFL�MH�=BLBG?><M:GML�
�����IIF�IKH=����:G=����IIF�IKH=�����:G=�>GNF>K:M>=�:?M>KP:K=L�� HMA�IHERLMRK>G>�:G=�
LM:BGE>LL�LM>>E���


�

7>L
�;NM�MA>�EHP>K�EBFBM�H?�
MA>�+0!�P:L�GHM�:EP:RL�

LN??B<B>GM��

21 �NL>=�

7>L�

 BH?BEF��
�

2>LM����7>L
� #!�O:EN>L�=B=�
GHM�>Q<>>=�+0!�

�
2>LM����,H
�LHF>�LMK:BGL�
?:BE>=�MH�K>:<A���EH@�
!$3
<F��K>=N<MBHG��

2>LM����7>L�

-
O>
KG
>R
�>
M�:
E��
��
��
��
�

 BH?BEF��
�

Prod. 1:�2HI:Q�����<AEHKBG:M>=�:ED:EBG>�<E>:G>K
�+0!����O���
Prod 2:�2KBJN:KM�+1��JN:M>KG:KR�:FFHGBNF�<HFIHNG=
�+0!�����O�����
.KH=N<ML�P>K>�=BENM>=�MH�FH=>E�PA:M�A:II>GL�BG�MA>�retention zones�PAB<A�:K>�=B??B<NEM�MH�K>:<A�
?HK�!�"� 
Test 1: ":BER�!�"����=:RL���IKH=����:M�����O��?HK����FBG�:M�KHHF�M>FI>K:MNK>
�KBGLBG@�LM>I�
PBMA�P:M>K�H?���T!�?HK���FBG
�IKH=����:M����O��?HK����FBG�:M�KHHF�M>FI>K:MNK>
�LHBEBG@�PBMA�
L:EFHG�CNB<>�HK�F>:M�>QN=:M>�:G=�K>�BG<N;:MBHG�� >?HK>�>GNF>K:MBHG
�G>NMK:EBS:MBHG�P:L�:IIEB>=�
:?M>K�!�"���
Test 2:��"KRBG@�LM>I��:M����T!�PBMA�AB@A�K>E:MBO>�ANFB=BMR���������:�=:BER�=KRBG@�LM>I�PBMAHNM�
!�"�BL�M>LM>=
�:�=:BER�!�"�PBMA�HGER�MA>�E:LM�=:R�:�=KRBG@�LM>I�BL�M>LM>=�:G=�=:BER�!�"�PBMA�
=:BER�=KRBG@�BL�M>LM>=��
+HGH�:G=�=N:E�LI><B>L��PBMA�Pseudomonas fluorescens)�P>K>�NL>=���


� 7>L�

,H
�:M�MA>�+0!�;HMA�
LHBEBG@�<HG=BMBHGL�
K>LNEM>=�BG��*-"�

K>LNEML��

,H�=B??>K>G<>�;>MP>>G�
FHGH�:G=�=N:E�LI><B>L�

*N
JN
>�
1:
LM
K>
�>
M�:
E��
��
��
��
�

.E:GDMHGB<�� Prod. 1��MKB<EHL:G��+0!��������4
4�� 
Prod. 2: 2KBJN:KM�+1����������4
4��#"2�
������� !
������:E<HAHE�>MAHQRE:M>L
������
=B=><RE=BF>MARE:FFHGBNF�<AEHKB=>��+0!���� 
Prod. 3:������4
4��>MA:GHE 
Prod. 4:�3G=BENM>=�.���:E<H=>L��>MA:GHE��������� 
Prod. 5��3G=BENM>=�.��F:GH=>L��>MA:GHE���������IKHI:G���HE
���������
Prod. 6:  >GS:EDHGBNF�<AEHKB=>��+0!�����O
O���
�
Test 1:�+'!
+ !�=>M>KFBG:MBHG�BG� &'��
Test 2:  BH?BEF�LNL<>IMB;BEBMR�M>LM>=�:M�MA>�K><HFF>G=>=�BG�NL>�<HG<>GMK:MBHG����A�>QIHLNK>�:M�
��T!���


�

7>L��

 &'�NL>=� 7>L�
�GH�AB@A>K�O:EN>L�
?HK�I>KLBLM>GM�LMK:BGL�

 BH?BEF� ,H
�FHLM�IKH=N<ML�=B=�GHM�
K>=N<>�;BHF:LL
�:G�BG<K>:L>�
P:L�LHF>MBF>L�>O>G�L>>G��

1892 
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�2:;E>���<HGMBGN>=�1893 

 

PLANKTONIC/ 
ATTACHED/ 
BIOFILM 
CELLS USED 

DISINFECTANT/CLEANERS USED + TEST PERFORMED/ C&D SIMULATED 

INCREASED 
TOLERANCE 
DETECTED 

AND ITS 
STABILITY 

MRC SUFFICIENT? 
EFFECT OF 
ORGANIC 
MATTER 

VARIABILITY 
AMONG STRAINS? 

 
:K
HL
H�
>M
�:
E��

��
��
��
�

.E:GDMHGB<�� Prod. 1�� >GS:EDHGBNF�<AEHKB=>��+!0�����������F@
E�?HK��������FBG��
Prod. 2:�.>K:<>MB<�:<B=��+!0����������F@
E
�����T!
�����FBG��
�
Test 1:�+'!�=>M>KFBG:MBHG��
Test 2:  BH?BEF�LNL<>IMB;BEBMR�M>LM>=�HG���=:RL�HE=�;BH?BEFL��@KHPG�BG�EHP��=BENM>=�21 �7#��HK�
AB@A��21 �7#��GNMKB>GM�<HG<>GMK:MBHG���


� 7>L�� 
� 7>L
�>LI><B:EER�?HK�
IKH=�����

 BH?BEF 
�

7>L
�;NM�MA>�<HG<>GMK:MBHGL�
G>>=>=�:K>�AB@A>K�MA:G�MA>�
EHP>K�;HNG=:KR�H?�MA>�

+0!��

7>L
��;BH?BEFL�@KHPG�
BG�LHBE>=�<HG=BMBHGL�
K>JNBK>=�H<<:LBHG:EER�
AB@A>K�<HG<>GMK:MBHGL��

7>L�

)
H<
HM
��
�-
ELS
>P
LD
:�

��
��
��
�

 BH?BEF�
�

Prod. 1:�/�!�;:L>=�L:GBMBS>K�.NKL>IM��$�������@�=B=><RE�=BF>MARE:FFHGBNF�<AEHKB=>
�����@�
,����:FBGHIKHIRE��,�=H=><REHIKHI:G>��
��=B:FBG>���+!0������
Prod. 2:�2>KMB:KR�:EDRE�:FBG>�;:L>=�L:GBMBS>K� :KK>G������:GBHGB<�LNK?:<M:GML
�����#"2��	�
L:EML���+!0�����
Prod. 3: CAEHKBG>�;:L>=�L:GBMBS>K�+>=B<:KBG>������LH=BNF�=B<AEHKHBLH<R:GNK:M>���+!0��
�����������IIF��
�
Test 1:  BH?BEF�LNL<>IMB;BEBMR�M>LM>=�HG����:G=���=:RL�HE=�;BH?BEFL��


� 7>L
�GHM�:EP:RL�<HNE=����
EH@L�!$3
<F��K>=N<MBHGL�
;>�:<AB>O>=
���A�;BH?BEFL�
LAHP>=�AB@A>K�K>LBLM:G<>�
<HFI:K>=�MH���A�;BH?BEFL��


� 7>L�

�0
H=
K^@
N>
S�
+
>E
<`
G�

>M
�:
E��
��
��
��
�

 BH?BEF� Prod. 1: 1H=BNF�ARIH<AEHKBM>������:<MBO>�<AEHKBG>��
Prod. 2: ;>GS:EDHGBNF�<AEHKB=>�
 
Test 1: +'!�=>M>KFBG:MBHG�BG�21  
Test 2:  BH?BEF�?HKF:MBHG�BG�IK>L>G<>�H?�=BLBG?><M:GM�����Q+'!
��Q+'!
����Q�+'!� 

�=:IM>=�LMK:BGL�
MH�IKH=����

LAHP>=�BG�MA>�
IK>L>G<>�H?�
���Q+'!�

AB@A>K�;BH?BEF�
?HKF:MBHG��

7>L
�;BH?BEF�?HKF:MBHG�P:L�
BGAB;BM>=�PA>G�<>EEL�P>K>�
>QIHL>=�MH��Q+'!�HK����Q�

+'!��


� 
�

� �1894 
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2:;E>���<HGMBGN>=�1895 

�

PLANKTONIC/ 
ATTACHED/ 
BIOFILM 
CELLS USED 

DISINFECTANT/CLEANERS USED + TEST PERFORMED/ C&D SIMULATED 

INCREASED 
TOLERANCE 
DETECTED 

AND ITS 
STABILITY 

MRC SUFFICIENT? 
EFFECT OF 
ORGANIC 
MATTER 

VARIABILITY 
AMONG STRAINS? 

.:
G�
>M
�:
E��
��
��
��
�

 BH?BEF� .KH=N<ML�NL>=�BG�K><HFF>G=>=�BG�NL>�<HG<>GMK:MBHGL��
Prod. 1:��+:MKBQQ�������AR=KH@>G�I>KHQB=>
������I>KHQR:<>MB<�:<B=
������H<M:GHB<�:<B=��
Prod. 2:�+NEMB�/N:M�������=BF>MARE�;>GSRE�:FFHGBNF�<AEHKB=>
������H<MRE�=><RE�=BF>MARE�
:FFHGBNF�<AEHKB=>
������=H=><RE�=BF>MARE�:FFHGBNF�<AEHKB=>
������=B�H<MRE�=BF>MARE�
:FFHGBNF�<AEHKB=>���
Prod. 3��!AEHKBG>�LHENMBHG�������,:-!E� 
Test 1:���A�<R<E>�:IIEB>=�?HK���P>>DL�� 
- 1:GBM:MBHG�;R�+:MKBQQ�����IIF��?HK����L><HG=L� 
- 1MHK:@>�PBMAHNM�EBJNB=�F>=BNF�?HK���A�:M�����T!��HGER����FE�P:M>K�MH�F:BGM:BG�K>E:MBO>�
ANFB=BMR� 

- 'G<N;:MBHG�BG�21 �7#
���?HK��A�:M�����T! 
Test 2:�1NL<>IMB;BEBMR�H?�;BH?BEFL�MHP:K=L�L:GBMBS>KL��;BH?BEFL�HG�=B??>K>GM�=:RL�;>?HK>�MA>�
L:GBM:MBHG�IKH<>=NK>�P>K>�K>FHO>=�:G=�>QIHL>=�MH�+:MKBQQ�����IIF��HK�+NEMB�/N:M�����IIF��
HK�<AEHKBG>�LHENMBHG�����IIF��?HK���L��
Test 3:�1NL<>IMB;BEBMR�H?�=>M:<A>=�<>EEL�MHP:K=L�L:GBMBS>KL��<>EEL�LP:;;>=�?KHF�;BH?BEFL�P>K>�
>QIHL>=�MH��+:MKBQQ����IIF
���L��HK�<AEHKBG>�LHENMBHG������IIF�H?�$K>>��O:BE:;E>�!AEHKBG>
�
��L�� 


� ,H
�MA>�H;M:BG>=�K>=N<MBHG�
P:L�?HEEHP>=�;R�:G�

BG<K>:L>
�IKH;:;ER�=N>�MH�
:=:IM:MBHG�MH�MA>�LN;E>MA:E�

<HG<>GMK:MBHGL�


� ,H�=B??>K>G<>�BG�
LNL<>IMB;BEBMR�P:L�L>>G�
;>MP>>G�=>M:<A>=�<>EEL�
:G=�?K>LA�IE:GDMHGB<�

<>EEL�

�1896 
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2:;E>����4:KB:;BEBMR�H?�=>?BGBMBHGL�@BO>G�MH�MA>�M>KF�K>LBLM:G<>�BG�LMN=B>L��1897 

DEFINITION RESISTANCE SOURCE 
�G�BLHE:M>�BL�=>?BG>=�:L�K>LBLM:GM�PA>G�BM�BL�GHM�BGAB;BM>=�;R�:�<HG<>GMK:MBHG�MA:M�PHNE=�BGAB;BM�FHLM�
H?�MA>�LMK:BGL�H?�MA:M�I:KMB<NE:K�LI><B>L��

+:KMBG>S�1NXK>S�
>M�:E���������

0>LBLM:G<>�BL�NL>=�MH�BG=B<:M>�MA:M�MA>�>QM>GM�H?�MA>�DBEEBG@�H?�:�FB<KHHK@:GBLF�BL�E>LL�MA:G�>QI><M>=�
:M�;:<M>KB<B=:E�<HG<>GMK:MBHGL��

!:KI>GMB>K���<>K?�
�������

In the context of disinfectants, the word “resistance” is used for comparative purposes. A strain of 

:�LI><B>L�BL�L:B=�MH�;>�FHK>�K>LBLM:GM�MA:G�:GHMA>K�HG>�B?�MA>�MBF>�G>>=>=�MH�:<AB>O>�:�@BO>G�GNF;>K�
H?�=><BF:E�K>=N<MBHGL�H?�LNLI>G=>=�<>EEL�:M�:�@BO>G�=BLBG?><M:GM�<HG<>GMK:MBHG�BL�LB@GB?B<:GMER�EHG@>K
�
HK�B?�MA>�<HG<>GMK:MBHG�G>>=>=�MH�:<AB>O>�:�@BO>G�GNF;>K�H?�=><BF:E�K>=N<MBHGL�?HK�:�@BO>G�>QIHLNK>�
MBF>�BL�LB@GB?B<:GMER�AB@A>K��

!>K?�>M�:E���������

0>LBLM:GM�FB<KHHK@:GBLFL�<HNE=�;>�=>L<KB;>=�:L�:�LI><B>L�HK�LMK:BG�MA:M�P:L�FHK>�:;E>�MH�LNKOBO>�
K>I>:M>=�!�"�IKH@K:FL�LN<A� MA:M� MA:M� LI><B>L�HK� LMK:BG�=HFBG:M>=� MA>�>GOBKHGF>GM:E�FB<KH;B:E�
?EHK:
�:E;>BM�BG�EHP�GNF;>KL��

&HE:A� >M� :E��
�������

 :<M>KB:E�K>LBLM:G<>�BL�MA>�<:I:<BMR�H?�;:<M>KB:�MH�PBMALM:G=�MA>�>??><ML�H?�:GMB;BHMB<L�HK�;BH<B=>L�MA:M�
:K>�BGM>G=>=�MH�DBEE�HK�<HGMKHE�MA>F��

%EHLL:KR��
 :<M>KB:E�
0>LBLM:G<>��G�=���

1898 
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2:;E>����#Q:FIE>L�H?�=>LB<<:MBHG�LMN=B>L�<:KKB>=�HNM�HG�Listeria monocytogenes.���1899 

 BIOFILM/DROP 
INOCULATION 

DESICCATION TREATMENT INFLUENCE OF 
TEMPERATURE 

INFLUENCE OF 
RH 

INFLUENCE OF 
STRAIN 

INFLUENCE OF 
ADDITIONAL 

MICROORGANISM 

8H
S�
>M
�:
E��
��
��
��
�

"KHI�BGH<NE:MBHG�

- &NFB=BMR����
���
���
�����0&�
- 2BF>��������FBG�
- 2>FI>K:MNK>����T!�
�
0>AR=K:MBHG���
- .KH@K>LLBO>ER������0&�?HK����FBG
�HGER�M>LM>=�?HK���
����0&�
- 'GLM:GM:G>HNLER��:�=KHI�H?�IAHLIA:M>�;N??>K�L:EBG>�HG�=KB>=�<>EEL�
Test:�2>LMBG@�=>AR=K:MBHG
K>AR=K:MBHG�<R<E>L�PBMA�=>AR=K:MBHG�I>KBH=L�H?�
����FBG��

/ $:LM>K�=><K>:L>�BG�
OB:;BEBMR�:M�EHP>K�0&��

+HLMER�IKHGHNG<>=�:M�����
0&�� / 

.:
G@
��
�7
ND
�

��
��
��
��

 BH?BEF�=NH�LI><B>L��
�

- &NFB=BMR������0&��
- 2BF>���MH����=:RL�
- 2>FI>K:MNK>����T!�
�

Test:�"B??>K>GM�<HEHGBS:MBHG�L>JN>G<>L�M>LM>=�PBMA�Pseudomonas 
fluorescens.�

/ / 
1BFBE:K�K>=N<MBHGL�K>:<A>=�
����EH@�!$3
<F���?HK�

FHGHLI><B>L��

*HP>K�K>=N<MBHGL�BG�=NH�
LI><B>L
�EHP>LM�K>=N<MBHG�
PA>G�P. fluorescens P:L�
MA>�?BKLM�<HEHGBS>K��

)
BF
�>
M�:
E��

��
��
��
�  BH?BEF��+HGHLI><B>L�HK�

BGH<NE:MBG@�Streptomyces�
;BH?BEF�

- &NFB=BMR������0&�
- 2BF>������A�
- 2>FI>K:MNK>���T!� 
 
 

����LMK:BG�<H<DM:BE�H?�
Listeria monocytogenes�

P:L�NL>=��

&B@A>K�K>=N<MBHGL�PBMA�
Streptomyces �MH�;>EHP�
MA>�=>M><MBHG�EBFBM���

.B
>K
<>
R�
>M
�:
E��

��
��
��
�

 BH?BEF�

- &NFB=BMR������0&�
- 2>FI>K:MNK>����T!�
- 2BF>����=:RL� 
 
 

1MK:BGL�LAHP>=�GH�
K>=N<MBHG
�BGM>KF>=B:M>�
K>=N<MBHG�HK�AB@A�
K>=N<MBHGL��


�

�

 
K>
F
>K
�>
M�:
E��

��
��
��
�  BH?BEF�FHGH�:G=�=NH�

LI><B>L�PBMA�
Flavobacterium spp.�

- 2>FI>K:MNK>��
���T!��
- &NFB=BMR������0&�
- 2BF>�����=:RL�

$:LM>K�=><EBG>�:M���T!�
<HFI:K>=�MH��T!�BG�
FHGHLI><B>L
�HIIHLBM>�
?HK�=NH�LI><B>L��

�G�BG<K>:LBG@�
GNF;>K�H?�BGCNK>=�
<>EEL�:M�����0&��


�
&B@A>K�K>LBLM:G<>�BG�=NH�
LI><B>L�<HFI:K>=�MH�

FHGHLI><B>L��

�
4
H@
>E
�>
M�:
E��
��
��
��
�

"KHI�BGH<NE:MBHG�

- &NFB=BMR���
���
�����0&�
- 2>FI>K:MNK>����T!�
- 2BF>����HK����=:RL�
�
Test��'G?EN>G<>�HK@:GB<�F:M>KB:E�	�L:EM��IARLBHEH@B<:E�L:EM�LHENMBHG
�21 �
	�@EN<HL>�PBMA����
���,:!E��
'G?EN>G<>�H?�L:EFHG�CNB<>�?KHF�?K>LA�������,:!E��HK�<HE=�LFHD>=�����
,:!E��L:EFHG��


�

1EHP>K�K>=N<MBHGL�:M�
AB@A>K�0&�<HFI:K>=�
MH����0&��2A>�>??><M�

H?�:�AB@A�L:EM�
<HG<>GMK:MBHG�@>ML�
EHP>K�:L�0&�
BG<K>:L>L��

�

,H�=B??>K>G<>�;>MP>>G�
I>KLBLM>GM�:G=�IK>LNF>=�
GHG�I>KLBLM>GM�LMK:BGL�
:?M>K����=:RL�H?�
=>LB<<:MBHG��


�

1900 
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2:;E>���#Q:FIE>L�H?�IKHMHSH:�;:<M>KB:�K>E:MBHGLABIL���1901 

 PROTOZOA BACTERIA TESTED ENCYSTMENT 
SURVIVAL 

TROPHOZOITE 
INGESTION SURVIVAL OTHER ASPECTS 

+
BG
A�
>M
�

:E
��

��
��
�:
�� Acanthamoeba, 

Listeria monocytogenes 
���LMK:BG��

,H�
7>L
�ERLBL�H?�MA>�IKHMHSH:�
A:II>G>=�:?M>K���=:RL�� 
�Tetrahymena 

pyriformis Not applicable 

"
HR
L<
A>
K�

>M
�:
E��

��
��
��
� Acanthamoeba 

castellanii, 
 Listeria monocytogenes 

���PBE=�MRI>�LMK:BGL�� 
� ,H�
Acanthamoeba�<:KKB>L�Listeria monocytogenes�:M�MA>�NKBH=�BG�=>GL>ER�
I:<D>=�:@@K>@:M>L�BG�IA:@HERLHLHF>L�:G=�P>K>�K:IB=ER�ERL>=�:G=�

=B@>LM>=��Acanthamoeba 
polyphaga 

*:
F
;K
><
AM
�>
M�

:E
���
��
��
��

Acanthamoeba 
castellanii 

Salmonella enterica Serovar Typhimurium, 
Yersinia enterocolitica, Listeria monocytogenes, 

:G= E. coli O:26 
���LMK:BG�H?�>:<A��

7>L
�NI�MH����=:RL�� 7>L
�BG�<H�<NEMNK>�:?M>K�
>Q<RLMF>GM��

'G<K>:L>=�MHE>K:G<>�MHP:K=L�L>O>K:E�=BLBG?><M:GML�:G=�HMA>K�<A>FB<:E�
LMK>LLHKL���

�?M>K�>Q<RLMF>GM
�Listeria monocytogenes�LAHP>=�EHP>K�K>=N<MBHGL�
MHP:K=L�LH=BNF�ARIH<AEHKBM>�������
�&�-���������:G=�����#M-&���
1HF>�MK>:MF>GML�P>K>�<RLMB<B=:E
�BG=B<:MBG@�MA:M�LA>EM>KBG@�:EHG>�

>GA:G<>L�Listeria monocytogenes�LNKOBO:E���

8A
HN
�

>M
�:
E��

��
��
�

�� Acanthamoeba 
castellanii 

Listeria monocytogenes �
����=B??>K>GM�LMK:BGL�� 
� 7>L
�NI�MH���A� 4:KB:;BEBMR�:FHG@�LMK:BGL��

�
DR
:�

>M
�:
E��

��
��
��
�

Acanthamoeba 
polyphaga 

Listeria monocytogenes ���LMK:BGL��
Salmonella enterica serovar Typhimurium / 

7>L�:M���T!�LMBEE�<HNGM:;E>�
K>LNEML�:?M>K���A
�GH�LNKOBO:E�
:?M>K��A�:M����HK���T!��


�

*:
F
;K
><
AM
�

>M
�:
E��

��
��
��
�

Acanthamoeba 
castellanii 

Listeria monocytogenes, Salmonella enterica, E. 
coli, Yersinia enterocolitica, Campylobacter 

jejuni 
���LMK:BGL�H?�>:<A��

7>L
�NI�MH����=:RL�LNKOBO:E�
BG�<RLML�PBMA�@KHPMA�:?M>K�

>Q<RLMF>GM��

� 2A>�BGO:LBHG�MBF>�BL�EHG@>K�MA:G����FBG��

+
>B
G>
KL
F
:G
G�

>M
�:
E��
��
��
��
�

Tetrahymena 
pyriformis 

Listeria monocytogenes  
����=B??>K>GM�LMK:BGL� 
� ,H
�;:K>ER�LNKOBO:E�:?M>K���A� �MM:<A>=�Listeria monocytogenes�P:L�:����?HE=�E>LL�IKHG>�MH�IK>=:MBHG��

$B
>L
>E
>K
�>
M�:
E��
��
��
��
�

Acanthamoeba 
castellanii 

Listeria monocytogenes, Listeria grayii, Listeria 
innocua, Listeria seeligeri, Listeria ivanovii, 

Listeria welshimeri, Bacillus subtilis, 
Brevibacterium epidermis, Brochothrix 

thermopshacta,, Corynebacterium 
ammoniagenes, Cronobacter sakazakii, E. coli, 

Pseudomonas aeruginosa, Staphylococcus 
aureus, Staphylococcus carnosus, 

Staphylococcus epidermidis 

!RLM�?HKF:MBHG�GHM�
H;L>KO>=��

-GER�<H�<NEMNK>�BL�IHLLB;E>
�GHM�
BG@>LMBHG��

2A>�IK>L>G<>�H?�MA>�Acanthamoeba :EHG>�IKHO>=�MH�>GA:G<>�Listeria 
monocytogenes�@KHPMA��

2A>�:;L>G<>�H?�FHMBEBMR�IKHM><ML�Listeria monocytogenes�?KHF�
IK>=:MBHG
�:@@K>@:M>�?HKF:MBHG�:M�MA>�NKHB=��

1902 
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$B@NK>L��1903 

�1904 

$B@NK>���,NF;>K�H?�0�1$$��0:IB=��E>KM�1RLM>F�?HK�$HH=�:G=�$>>=��:E>KML�BG�MA>�I>KBH=�������������1905 
*>?M� R�:QBL�� 2A>� ;:KL� K>IK>L>GM� MA>� GNF;>K� H?� GHMB?B<:MBHGL� H?� MA>� �IHLLB;E>�� IK>L>G<>� H?� Listeria 1906 
monocytogenes� ?KHF������������2A>�<HGMKB;NMBHG�H?�=B??>K>GM� ?HH=�<:M>@HKB>L� BL� K>IK>L>GM>=�;R� MA>�1907 
=B??>K>GM�<HEHKL
I:MM>KGL��$HH=�IKH=N<ML�MA:M�<HGM:BG>=�E>LL�MA:G�HK�>JN:E�MH���GHMB?B<:MBHGL�BG�MHM:E�?HK�1908 
MA>�PAHE>�I>KBH=�<HEE><M>=�BG�MA>�?HH=�<:M>@HKR�HMA>KL��GHM�<HFFHG���0B@AM�R�:QBL��MA>�EBG>�K>IK>L>GML�1909 
MA>�GNF;>K�H?�=B??>K>GM�?HH=�<:M>@HKB>L�?HK�>:<A�R>:K�?KHF�����������PBMA�MA>�?HH=�<:M>@HKB>L�;>EHG@BG@�1910 
to  “others (not common)” counted separately. X�:QBL� BL� MA>� R>:K� K:G@BG@� ?KHF� ���������� �#3�1911 
!HFFBLLBHG
��������1912 

�1913 

� �1914 

�

�

�

�

�

��

��

�

��

��

��

��

���

���

���

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

GN
F
;>
K�H
?�?
HH
=�
<:
M>
@H
KB>
L

GN
F
;>
K�H
?�0
�
1$
$�
GH
MB?
B<
:M
BH
GL

R>:K
FBED�:G=�FBED�IKH=N<ML HMA>KL��GHM�<HFFHG�
IK>I:K>=�=BLA>L�:G=�LG:<DL IHNEMKR�F>:M�:G=�IHNEMKR�F>:M�IKH=N<ML
HMA>K�FBQ>=�?HH= F>:M�:G=�F>:M�IKH=N<ML��HMA>K�MA:G�IHNEMKR�
?KNBML�:G=�O>@>M:;E>L ?BLA�:G=�?BLA�IKH=N<ML
<KNLM:<>:GL�:G=�IKH=N<ML�MA>K>H? ;BO:EO>�FHEENL<L�:G=�IKH=N<ML�MA>K>H?
GNF;>K�H?�?HH=�<:M>@HKB>L
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�1915 

$B@NK>����">O>EHIF>GM�LM:@>L�H?�;BH?BEFL�;:L>=�HG�!AFB>E>PLDB���$K:GD
�������!HLM>KMHG�>M�:E�
�1916 
������"HGE:G
�������)BF���$K:GD
�������4:LN=>O:G
�������5BFI>GGR�>M�:E�
������1917 

� �1918 
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�1919 

$B@NK>� ���-O>KOB>P� H?� MA>� =BO>KL>� M>KFBGHEH@B>L� �FBGBF:E� BGAB;BMHKR� <HG<>GMK:MBHG� �+'!�
�FBGBF:E�1920 
;:<M>KB<B=:E� <HG<>GMK:MBHG� �+ !�
�FBGBFNF�>??><MBO>� <HG<>GMK:MBHG� �+#!�
�FBGBF:E� K><HFF>G=>=�1921 
<HG<>GMK:MBHG��+0!�
�FBGBFNF�L>E><MBO>�<HG<>GMK:MBHG��+1!���NL>=�BG�=BLBG?><M:GM�>??B<:<R�M>LMBG@��1922 
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