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Z<OETHEL TS HDLH D, BHEEmITIE, RIS E RS> TWNDT
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BEDZNRITEIE, & 2 WITIT I IME R 2N BAZE 2R JFAR & £ DR R £ bn % 5
Wrd 2,

B (BB RYYE) K OSEIGIIRIC X 2 ACREYES J 4 Loy
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PEELGIZRB W TR AR BN 5EIIE, amfEEikic Lo 8H
mwiat & LoD, 5T %, — NP = NIZK o Tid, BIYEIEIC K D
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MEAMERE N A T 2 B R e R o A7 ML, FEORN - fEHEELRY 5
M, BICEE L TR ESNIZEKRR Y A7 ICRET 27200 EIZET 5 1F
WA THZ L aARRICL, ZOME, ~NY— FOREICH 2R A 2k
THZLENTE D, HIZITEMN O RASFF O3 25 A%, &R 5 fE
SO ST D201, FEN X0 REH OB FRECATENT 5 DI
D,
FAO/WHO 77 A # > A (2021) Zi%, LT OFR2 O X 5 7%, FHlIC L E
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- EKE
B OB v | AN — ROEYLER (BYEIS) 15 | - SR 2822059 BRSO Rk & i
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(FAO/WHO # A %> 2 (2021) 651 H, 1EARL)
Source: Food and Agriculture Organization of the United Nations, [2021], [Joint FAO/WHO Expert

Meetings on Microbiological Risk Assessment (JEMRA)], [Microbiological Risk Assessment Guidance

for Food (MRASeries 36)], [https://www.who.int/publications/i/item/9789240024892]. Reproduced with

permission.
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F4 FHMAEICAVLSNEHE - BROFH
1 FRIMEYE

(1) BRPIZET5MEMEROHY

B I IB W TRE S ORAEITIEHE, § 1k, & 2 WIFFEEDO WO 2 )
AT, —RRICTA VAL FABY, FAERITRMEPICE O T 5 Z LT
TR, Elo, R BRI X > TRELT 2 2 LI TE 5, WAEDERIZT, &
Sh ORI ST 2 A ORE (pH ok yiE e &) EINTALER, FiEim - fR1F
KON IR BN K - T, BE5H, § 1k H D WIS T 5, BihOREN B
BIZEDBRIZIHWT, B~ | IREEOHNNERNZECT D Z IR,
HEMEM OFBNELT D RREERH D, 2D X S iC, MED Y — FOREN
B ORPER L OIS - fiEEE LT 5 2 28 AEMFEN Y R STl &
ML+ 2ERTH D,

ML I AL T OB OMAEDEEREET D722, BEICHRT 2 Rtk & B
BICED F TOFMBEBARORELEE L, MEWROZE GEOER, 71 v
AP L) HRTEIBETNANRMEL /2D, ZO LD 7RBERIZIEZ DHTZDIT,
R % 72 PR 7 VSR FERR S S v, TRIZAEYF: (Predictive microbiology) &
V)RR RBFEE LT T2,

(2) FRMENZEDORE

TRIBAEY T L X MICHB T DAY FrlOmIRE, BRE) OIEIH-CHEzs
e fEe T v E LRI L, BICEBT DMAEMFEN 22 % ERIICEE
filf - FEfR T 272D D TR & U THRZEL CX IR TH D, THIBEDFDOT
MR 7 BAE - BLEIT, B OTAED B Z FERIE T2, B0 TV DR S (R
JE AKDIEME. pHAE) 7D, TRIFREETH 2 ThD, ZDOL D7 THIEZSE
B DIDICRESRMEEZ T A—2 L LT, MAEYEEZHHT57-00KFE
DEHET NNREINTND, BRI & LT, PRAFIEE OIREIBRED G |
KR LT HWMEMBOEALZ THT 5. &2 WITNBUIN TABZ )G | L%
DA A THT D EnoTo, R ENEZHET 2 ET ANELRBES
IWTWD, iz, —HTHAEMD & DRSS T THET 5, &2 WITHEHE LA
W, E WS TEERORAERMRE LTI A T MERRCIAE Y28 2 €5 b+
LHFRENEERMNM L TCWD, MiFOT7 Fa—F% FFRHAEbELZ LT, &
0 BRI TRNEEE 70D, BRMICIE, THIBMEZMEET L TR\
By EOLBVOHIREIT, EOMOfERT, EOREDOEEIZE THEINT 50
W2 EVSTEVINFICEZD LM TEDL LD D,

KK CIETRIBAED FICEET 2 W < OO REEN R S TE Y (Brul et al,
2007; McKellar and Lu, 2003; McMeekin et al., 1993; Peleg, 2006), % & £ -
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TR A G DT O DI E L 70 o T D, 72, FEAREBRAIN M2 BRI
. PHIE T VEIEOR SOIIZIEE 5 STV D,

(3) B/ EHETIOERES

WA ORI LE S HEHE S 2 WIS 2 KRBT 5 72O OELE T L O
FIIW L OO BB T B D, (X U, BEFEER S 2 O IZ SR i #R 2 R 8
T 57O Primary’ (—&K) E7 /A0 EM S5, Primary €7 /VIZHEGHSH 5
UVITSEIR OB Z b 2 BR T 5720 DFT LV TH 5, HIHER 20+ 5 FK
172 Primary €7 /L & LTI, & iZuey A7 4 v 7T~ yd L9
REHERET N, £ D%, MEOHIHEE % > 7 /WK EL LTz Three-phase
linear &5 /L (Buchanan et al., 1997)72%, & LTIy iR a2 kL L
Baranyi €7 /L(Baranyi and Roberts, 1994)<° Fujikawa &7 /L (Fujikawa et
al., 2003 FRE SN TE T2, YRDZ LN ORFEDO LM N2V XHE5E, 5
Wi B— NI 5T B0, Primary 7 /WidE OB o= 2L s+
HZ LI THADODEHETOMBAER 2 L1270 d, 22 TIERR HHEER
FEIZ 3T D dh R A il igai 2 (X 7)),

HHE# (log, , CFU/g or mL)

18 s ]
7. BRAHSRTFREICE T HMEIETED HE #7545
BERIRE D ERATHE | B R E G BB o R 2 7~ 30 oy O &
(ZHHY) MRELS RO TL D2 LN DnND, ZDX I, BESREOENI L -

THiPN DO 508, KR LD /34— EPrimary E7 /L& LT
FlIf SAL, O P ORED LN D2 LI D,
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RIZ, Primary’ 7 Vip 656K HORE & £ DOBREEZMT & ORfRZ
Ao NOREBRATERT Z &7 5 (Secondary’ (1K) EF V), —filL LTK
7 BAF BT R RIINEE L RE & OBfR & X 8 1T,

OB -

mixx (h HILI]

Wit
2

o2 -

Tarmparature (3]

8. BIEEE &IEE & DBFRZERT Ratkowsky DFEHIRETILDF

ZOBRERIRTHETARE LTCUIRRA RET AP REEINTNDLN, 2
Z Tl¥ Ratkowsky O F-FARET V%1 3 % (Ratkowsky et al., 1982), —1
ELTCUIREDHLDEEEET MME L TWDHR, HIROD Z L7220 LMEY OHE5#E
(VT OBREEZEER Bl 20X pH SEIEIRE OKOVENME) . AR 72 8%
fé@\_h%@%@_OwT%@Amﬁ%@%%ﬁbt%Twm%ﬁ_Tﬁ
SN T 5 (Ross and Dalgaard, 2003), L fEA7ZeHGH & L CIXiEE, pH 21X U
&JET%{) 12 & OREERK 2 5 A THEHEE T T VDR S, REBR 72 RRGE S

17TV 5 (Mejlholm et al., 2010; Mejlholm and Dalgaard, 2009), iz %
1‘%/2 7R BRBE BN A ML A A A TE TRIE T VB S TR fTE OBRIUKIX
2575

DL %@@ﬁﬁgl%wﬁkbf%TW ﬁﬁﬁﬁkwok$%T
%Twﬁﬁﬂﬁbhfﬁfwéﬂ — 5T, EEEO B ORIy LA SOAE & R
ZIGITHT2 0 | 15k Lo NRYBREE BN 721 CRIRREIC THITE 5 & iﬁﬁ%iﬁb\
ZD=, BEEOBAICE L TUIRIENRAI R TH D, LT, EEOXG L
ROBMTOET MVEES ELEHMICITAEN R FETH D, L ITmLe
EEZZRL T, HMIDG U THEW ST TN ZENEHEETH D,

ZIVECTHFEE T LV AEFNC LT L7es, SEORREOET ML L EETH
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%o MEFEIZEB T, D ER z HICRRINOIEE LFENHI MO REL
TETN, WDt 7 7 ECEMBANTIAEDE DB T 5 & 5 7 Bl5 iR
M2 CIXIEMERFEIRZ PRI 57D IR+ ThH Z ERERMENTE T
WD, FEBMBROMRATIZ F U T O IR E OfEAT & [FER I Primary’ &7 /L7 b
R A U CBRBE S DI A2 K 77 Secondary &7 V244 5 2 & T,
Bk & 22 5B T & FTRE & L CTU S (Peleg, 2006),

B % 2 Primary & 7 /VICERBE D B % [k | 72’Secondary’ & 7 /L & &3
52 LT, BT HRESMTICBWTOMAEDROE{LE L I 2L — T 5
Z L3RR & 2 B Tertiary model 3MES L, BFEO TR Y 7 ~ T =7~ L5 E
T2,

(4) FRIVI bz T7DREMA

B L7 THIET NV E2GNERT D012, FFOTHIY 7 F o =7 BB
STV D, 1990 FARRTHICIICKE, FEICEWTRBEREZ 7Y =7 b
E LTI THI Y 7 b U =7 ORRFEED Hivle, KETIHELE S BHFE A
T ONTWHEED Y 7 =7 Pathogen Modeling Program (PMP)73E
% X 172 (Buchanan, 1993), — 7 C. #[E Tl¥ Food MicroModel (FMM)
(McClure et al., 1994) 237 S 4L, R Sy 7r—2 & LTIRFEES LTV 2, £ D
#%. AV 7 +v = 7% Growth predictor & L TEERELEIND L 528> TV
%o FREO X5 I TR AEY FIZB T DM ERER DB I N D IO T, [FEED
FHEZHWTHRBRL TWAIZHEbLT, TOXEENERND L Z L)
o TEI, THULERDBEWOME O AT B O ERIR I3 2 25 2
LION, OEERZ LT, MEOFEENINT Y IFNRRENWT ELEFEOT—
ZEBLTCRETAZ DD, ZOXH>RBEDY Lz, E, KEHIE
fl 282 T ZNENDBEE L7 PMP X FMM & W72 Tl Y 7 R o= 72U
FREIN TV DHMESEN T — ¥ Z28a L, 7 —&X—2 L LT Web £ T 2003 4
725 ComBase (21 2X— 2 http://www.combase.cc) & V9 & R TAR LG T
V% (Baranyi and Tamplin, 2004), & 512 2006 FZ T 5N & A~ =7 KFED
BhEEE A Z—bMDY | T —=F_N—=ZADIFRBHENTN D, ZDT —F_—
ADRENT LT, HRPO N2 PNEGITAEMFEET — X 2 MBNETHZ
EMNFREL 2o TE T D, 2021 AFRFAICIW T, S RHAITCKE RS A R
WF9EE >4 — (United States Department of Agriculture, USDA, Agricultural
Research Service (ARS)) & 72> TW%,

2021 4F 11 Hiei & LT, ComBase (ZINER S VTV DT — Z 80T, A
W & R G o T 58,850 LL L&V . D 8 FINMHIFEMEME DT — ¥ Th
%, ComBase TlZ, B L T 2HIE OFEE, IR, pH, KOTEME (BERE) .
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S OITIFEMOFEEZRINT 2 2 & T, KR LR DHME DI,/ FEPR D REIRFZE
b7 — 2 %RBTH LN TES, £/2, Web EToOMRHE, HEIIMZ T, &
BN L CT—# %X rma— LT RMMADBAHETH S, ComBase (ZULEk
SNTWD T —Z %, B THRMZIZHE S Mo & xiEdE (logio CFU/g or
mL) ThHV ., MBEHFHRICIL, ERT—F2O vy MeETr—4 Hion, L
TEOFEMR ER g ST\ 5, ComBase Tt b AZIMEDEWEY L, S5
(29 1) OZFE)T — X ZHEICRRIEETE LR Th D, £, BREEM
& LT, Wt IREESRME, pH &, AKOTEMESIE GEDIRE) FORMITINZ
T, EEORMIBITHT—FZRKRVIATLZ EHTE S,

— 7T, LR ORE - FLiB SO EIZIB W TIL, ME LI S 7205
HREEZRDD Z En <, BB EEL Z & L0 bl LARESRFOME
FIZE - T, HRETHMAE LIS DO5M 2 RHTZ ENEE L
2%, ZDT2, JGET HHE O, ISR A R e e 567 — &
— AN, TV ORMEBHEICE > THEHERERHZR-TZENTREND, £
Z C, ComBase [T SN TWAH T — & ZHIGH /IR — X 1A L CTF —
A= b L, BREESRMBICEBIT D5 & 70 2 B O HE5HE E O 1F 2 % Sk
L7277 CRELT, Wi IS 7 7 & — Kb L CRIEFREZHE S
7= =7 —/L) MRV (Microbial Responses Viewer, http:/mrviewer.info)
Td % (Koseki., 2009), MRV TlX, BifE 16 FEEOME 2R L CIRE, pH, /K
IHEMEDHBER O AT D0 S A BT nTE L2
FCe L IO E HE) BT AEMLFERICRE TE D, MRV IE, &
SHEERDRD D I & B S22 O OB RS O BRIE S A B AR
KAEL 5, EHIZ, MRV ORI E LT, B E T HEREBDITHER T
%X DT, EER, RRAICE®RE T 2 N TE D L9 kGt e o T D,

ERAY A7 liZFEITLETL Y 7 b2 TR LERL TV, KEE
fn 5 #K LT (FDA) 1%, 2015 4F X v & CfE A 7T #E 72 FDA-iRISK®
(https://irisk.foodrisk.org) & FEIZIVD U A7 G SR Y — V% ¥ = 7 ETARK
LCW5%, FDA-RISK®I, flix DT U AI2H1F 5 U A7 Otz | i
AR AHEEELBE L Ty =7 ETCHEITAIEETH Y, »ofERkZ2 7 70 N E
WIRFLTELLZEHTE D, UAZFHMIDOETEEY — e LT, MmO THHH
YT RN =T D—DThbD,

I IR PIITR L 2T Y 7 b =T NRESATEY . BIZSCT
AL T, VAZFHIH WY A7 EHOEEE LTHERAT 52 LR TE D,
BAEEHTE LY 7 MU =7 OF#EIX OpenML for Predictive Modelling in
Food websites (SourceForge, 2021). (Tenenhaus-Aziza and Ellouze,
2015) &% (Koutsoumanis et al., 2016)ICE LS Lo bNTWD, £7/-. H
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ARENTIT U EE AN REEYE > ¥ —0 HACCP BHEE#R T — ¥ N— AN
D AN T 5 FRBEWFET V] DR—VIZKBEDY 7 F 7 =7 Y —LD
BWEPRFELIELD LN TS, (httpsi//hacep.shokusan.or.jp/haccp/ovs/)
F7-. EEROE#RER SICHEY — LR L LT, £4121E, ST 2 H6E
FEOTRLT,
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https://haccp.shokusan.or.jp/haccp/ovs/%EF%BC%89%E3%80%80%E3%80%80%E3%80%80

%=3. BNEIZCEITSAREFTAMEYEY—IL—E (2022 F£3 AIR%E)
VIO 74 DI 7Y URL | FA5EI%RE, K=E R
www.baselineapp.c [Antonio Valero Bmajsielin(?fsﬁﬂiﬁgﬁi@iﬁﬁfﬁg%
. om Diaz, WAEEAT S ‘TED Fe U
Baseline TSI TS AR S B shOENk
iexBId 5.
http://www.comba [Vijay Juneja ComBaseld 2N DIRIE R OFEIR,
se.cc (USDA, ERRC, T — ISP R LTS, 1
USA) BBl BAoOBRERICHIT

EH. EBIC, 15EEOMEICH LT,

IR UTHO TN EETT ST
=38, ETSCIdER T —YoiEns,
BHEEADY Tl 6/ L T3,

Dairy Products
Safety Predictor

www.agr.maisondul
ait.fr

Fre_de_rique
Perrin (ACTALIA,
France), Fanny
Tenenhaus-Aziza,
(CNIEL, France)

Dairy Product Safety Predictor (&4
FTICHTRARN E LTIHRESINTWLS.
SFTEORERENMFEOR ERCHIT I
AT EERTI SN TES. FIF
BlEBSDF I B TERIT LIRS
BOEEE. FHTTILOBRAETY
BoEPTESR. L, AV I RO
IFEETHD.

https://irisk.foodris

Yuhuan Chen

FDA-IRISK (dEIEHEOREITHlE & B

] k.or FDA, USA EDHERFICLD VA TFHImEETUT,
FDA-IRISK g ( ) L) Z 2 OABSENE A R TE T BT8O
e BHUTUINS. UATSHEE LD

oSOV RHL T LS.
http://w3.jouy.inra. [Jean-Pierre FILTREX lgti%ﬁ‘lﬁ&tﬁ?@ﬁ@ji%?')_—
FILTREX fr/unites/miaj/publi |Gauchi (INRA, [ ET VDN ZA —SHIEDIHOIFE
c/logiciels ffiltrex/  |France) FEEOBVSIEY D I“'jiyt@%:’_z'K
VT RO T PIEMATLAB E TDFHETE]

BEChdD.

http://www.azti.es/ |Begon~a Alfaro |FISHMAP (38T ROBEHEEOETHEH
FISHMAP TOIBEZ. BEYCHABRTDREOCO,

downloads/downloa
ds/fishmap/#tab-
description

(AZTI, Spain)ig

BEOREENRULTCHETSENT
=5.

http://fssp.food.dtu

Paw Dalgaard

Food Spoilage and Safety Predictor (&,

- HvAalCHITSIEEOREE. 3EED
Food Spoilage  |-dk Eg,g.,gff)d’ RS O r— At OO P 5
and Safety BoENTRS, 1200 GRANBIER %
Predictor EFIILOHRBPER S LTERALTED,
(FSSP) TEIBER AT ICBUTH T E T
LTWwad. Fic. REISHEEICEERSE
ncsn, HeEBROREGIRE 2L
=2 N5
http://cit.kuleuven.be/ |Annemie Geeraerd, |GinaFit (ZZEDEFBERER ST — FICHEH
GInaFiT biotec /downloads.php |Leticia Haberbeck HiEHE U TIEHDOENTSE. gt
(BK%J _LeU\)fen. MR EIRT S EhTES.
elgium
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x3. FENEIZETLSBETFTAMEYMEY—IL—F (2022 £ 3 ARHE)
VIO 74 DI7Y b URL | BOZEINRES, RTRE it
www.aua.gr/psoma |Panagiotis N. GroPin (LRAMHIE, BEEZGOEIT
S/gropin Skandamis 66$§ﬁ®$ﬂﬂ(2iﬂ‘b§\ E2DBERRE
; (CHiT 218 HigasaE= =1 L —
GroPIN (Agricultural e o=

Athens, Greece)

TN —AERHETNTCND. TSI,
NS A—LOEHEHEZELICTETH
LOZal—3 3 &2EaTdsces
T&EDa

Listeria Meat
Model

www.cpmf2.be

Jan van Impe (KU
Leuven, Belgium)

Listeria Meat model (FRERBICSITIL
AT V7SR TS ENTED.
EREU, XU D MO FIEEETCHS.

MicroHibro

www.microhibro.co
m

Fernando Perez
Rodriguez
(University of
Cordoba, Spain)

MicroHibro (£, BT —hsHEESN
TCEBOIENE) T A -2 ME LUE
DOEUMFBITDICEMNTESD. U
7 EHIAE O R A e DO INDE A
BEFAET RS TETOEEELD. &
SICBAETINDOT —9~—EUTH
HATRETHS.

NIZO Premia

No Internet access

Maykel
Verschueren
(NIZC food
research, The
Netherlands)

NIZO Premia (&, FIREMSIHFETIUC
SREOREFECEREOSE A TS
CEDTED. T BRDR TOMEE
AP S EMalgEch DA, MDD
BRICDOWLWTEHIAENS TORFELIER
w#ESCEDTENEHICORETH D,
EREU, RV D MO FISEETHS.

PMM-Lab

https://sourceforge.
net/projects
/pmmlab/

Matthias Filter
(Federal Institute
for Risk

PMM-Lab (dFIAEMSIBHENIEELDD
BREBEERMARELICLT, WEERE
SLUBHREOEFZE TR I A—T
V—ZADOV I NIT P Chd. T —

Prediction of

Microbial Safety k

in Meat
Products

Assessment, SHEEDT SIbOTEERINDT —5
Germany) = R LTS,
http://dmripredict.d |Annemarie Prediction of Microbial Safety in Meat

Gunvig (Danish
Meat Research
Institute,
Denmark)

Productsid, FIESRICHIT S4EBDHKER
EHEWNRELT, BEOTH S —F&E
B —9h5, TNSOEE TS S,
Zal— ' eEEREDTEHES.

Sym'Previus

WWW.Symprevius.or
d

Noe_mie Descriac
(ADRIA
De_veloppement,
France)

Sym'Previus (3, SEMRORIRE S 135
FDEBE OIS LU HAE R ODD
BRRECSVWT—ERHELUERR
HTFTZal— el ENTES.
HRTERANG P O—F SEERNLG 7S
O—FOREHRERLTCZa2L— T
BIENTES, KL FVYIT DT
FIIEETHS.
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(5) MEERMILTRBITETDER

K2 < DA BMAEDZEI O TR &V 20X, FERIZLICEE S FEE o2 b (4
FESOHEN) T T WIZ L o TRk T2 Z & 2B L T\ e, T bRk
W2 D BRI DWW T, HMEROZRETE LT AR L7280 Th D, H
FERRPI 72 fRAT I IR I EHE G M 2 T2 [ICRAET 208, RRBMEMETH &
VDN REERMEN B | FEBRAE IR & OTREEC, M IR LEBRBOKREZ XT3y F Lo
HEICEE T2 0305, 2RO DOERITIT, o TV HRERIMEFHE T
W72 A, T bAEIMER > THDHLEVIEVHRRKEIIFEEL TS,
A DL BTRE DSBS DL T, MEMOREFEEEN /NS < o TL
5 e AEMERINICI T 2 ORILOZEB OEWABEEIZEINLS X 5127k
DRERELTARAIYERRELS D PRIKENMET T2, 2OL5 AT VX
X, WAEHOREICHRT 20D T, BEIEE LTIRZA BN D, ZEPEITIN S
FEREZBOIBRLTHMED Z LI TERWVWR, T —F RGO O DO ERIZFES
NRTYFIE, EREZGEVIRT Z LICE - T, &5 WIRHIERER OMERER B &I
X oTHEIL S Z ENATEETH 5 (McMeekin et al., 2010), =D X 9 72 /3F > F X
Uncertainty (M) & U TRk S v, ZEhM: & ARESENE & IR L Cikam
T2 2 &RV 27 FHI D53 B TITAFIZREE S T D (Nauta, 2002, 2000), 24
BT E D 2 E N TERNVDO T, (EROIETRN LT T METFIE TIIXIS T
WEETH Y | LARAIIZE T AVBRFE bHEFGRRFIE~EBIT LoD 5, ZHiZ
DOWNWTIE, F—MEETH > TH, EROEBEWRAEFTEREOE, BRSO
EUVe Rk a RBERINEEL RFT 2 A SN TWD, 70, —BIVIZIE,
MR & LT, 25— E (F1213 103 CFU/ml LI E) OFEFZExHRE L
THHET MR LN D720, fHx O OZEE) OIEWDBHE ([ZHLAL RN DY
DEDIZEIIIME 2 OFPEB OENNIHE TR, FERE L TRERAATY
FEHELDHTLITRD, 2L, HEmE U TAEMZEER 2% - 728561213,
TS DEEERAFEENE & Vo TCBEZ I RIICEREBLT 5 2 L3O THEEL
<, AT DNDORER R LETH D,

TR OWFFE T, M O FER - AR FRIZ I 1T D H &« OME B DT X %
FLOREMEL LTIRA T, EREREELZE LMEDEHOET VETE
DEERINTED (Abeet al. 2020, Aspridou et al. 2019, Bestenet al. 2017,
Koutsoumanis and Aspridou 2017, Koyama et al. 2019, Membré and Zuijlen
2011) . HEFRA 72T T WM EFIE & ERmP725HE & ORERETL>2oH 5
(Koseki et al., 2021),
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2 HRERIG

(1) B=ZE

WAEMICET 28 HER ST T VI, FFED Y — ROFEE DL
glEf 98 (e, RBIE, RBIE, SET%) OfEL, FREOEIE (H
&) O E L TRT DO TH D, MEMDGE ., DEOWRFAETHEMRICHE
HHZHZLEBETOINENRDY, EEEZEZBLETEIRVWE ) REAEIC
BT HREL, SHETOBENOHA LR TNT 6T, WhpbET LD}
RO BND, o, WERETELF TH—IIHMmET. o THofM L TG
ZENEL  BEINDHERSMICLVERDET ANEEIND T2, WIFEAE
LSO EZN L, 0z EE LT VRLETHD, S HIT, Einf
BE 7R R BRF AR D R & S DHIFRIZ X 23R 2 MR DO E) & XBIT 5 71T,
WG ET NADBMETH D, LIT, HESOFEMIZ W TR T 2,

(2) HEERHIGRVOLENE
NDREFFEIZOWTIE, AL FWE LAY E L TIIRERMBERD D, T72
bbb, ALFEWEOEEIZIT~A 7 1E/L (umol, ~1017 D4 F5) L~ULdhH 5
WEF /'L (nmol, ~10ME D53 740 LV OIKIRE DS EIZEH, KRR
Doy D T2 il 2 D4y T OFEFHIZR T > IR e B e, —J7, IR
JRPERSAE) DG E T~ ORIFEAR T H MR EZ KT TR H 5 2 &
B L2 TR b0, DEOIRIFIRIC X D58 EE 2 D80, Hatia
TR DB AN THEATE <R | RGN BRUEL R D,

(3) RERICOERE & 775 REAE O FKAEIBTE

B (BEKZETe) ITEINT 2 EDFN Y 27 5 (230 5 A&
BT UL, B - BIEICEDLANAT— R, A (BEH). &~ M) 7 20 AAEH
WA T DAEMFRR IO REEKMR LD EBZEZXDHZENTES, K9
X, B EOREMC LD, BRIEBROENEZRLTWS, & 21T, AL &
HIZEIE NI AT — RIC L0 ARG T 5 72D, NEDRE ~ 22 A
IR DEREA T X AU B 7o\, ZOREREZ D B2 DRI AT —
Rizkb, NMcEv, BRicEY, 2o 0REICK VAT 5, FFED/
P—F. A BRICOWTREDRFEEENE L MR LD bbb T HERSET
JNIZEDEMZBREZRTLOTHING, AWFNREMEICIES Z En
KbDoND, Blz2IE. BN TOMEYEDAEGFERIIFEEOHD pH & PF— KD
MM ARAF T 5, BRICLDHE (BLv DU N, AV U X2EE, 7 FUEKK
ToTu NV UE) ORE MENEAT DEMERS TH D720, HisE L7-kE
FRIIFEE T, s/ NROBRERENFELED | IEFITERND LTI, W
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725 NI H ST Z 5720 (Leusden., 2000), ZAuiE, BEEMEAEYH 5%
TN ANEE & FER D AR OARENIENTH D, YA TR O
Fh | BNAMEWEITRPAOHEFEE R L, EH 5 HEGEOHENITHE RN
EHF DR, BEIIFE LW, tMoOFRIIIEMERH D . Z OBMEE., Yt
AW OREGRER LR U L O I2E EITKREFET D, TOEWIE, BIELL T Tk, &b
BUE2 N THHRICRDHERIZE R THDOIZH L, BIEAEDSOR DAY
BT, 2E2ZNBBD TANIWEAETH, EOAZETHLHFICE 7 TRV
BPFETHIETHD, TOMFE, REREMOFTIL, FEFIT/NHS o=
ThoTh, REMNRAREE LOBAHAEE L IEDH T LI i, ik
YY), BB AMEWE (B v OMERIZAFIE LR . MERE R NIIER D A
MO IEBI ML E (BELL T Tl o ORNGFET D) OO Z DK
BILEETH D,

4 ™ ra \ / ™
Bl = At Hﬁ"éfrmﬁafﬁx
#: Salmonella, hr e EAEE AT (B IEIHE)

Campylobacter
\ J/ / \_

R —5RE Fast
: Bacillus cereus BAMEE |, mETE 5k
Clostndrum perfringens, EE
infant-botulism . )
A .

( Sl h ( )

#l: botulinum toxin, SEREHEEN LRSS
Staphylococcus aureus | p
enterotoxin or Bacillus FERE

cereus cereulide
\ J R W
9. BHRFEMEICLKIBETRHNDELFELIAIE

Source: Food and Agriculture Organization of the United Nations, [2021], [Joint FAO/WHO Expert

Meetings on Microbiological Risk Assessment (JEMRA)], [Microbiological Risk Assessment Guidance
for Food (MRASeries 36)], [https://www.who.int/publications/i/item/9789240024892]. Reproduced with

permission.
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(4) v ney MRE

AW S DRGSR DB 2 ST OFME L LT, Wb 5 BENFEE T, H—0
JEEAA T O YL 2 Z T A REMENE n TRV, L EX DY UL Ee v MRUE
MWD, ZOREIZHESITHIE, —oOfMia (REMEMEY) NEEL L& HITEN
IR SN %, HEENICBIT 2Ec O@EE Tz CTAEMF L, BE LR
AR NG T DR p TP o Tlxew, Lo T RERICERYE L2 iE
X 1-p &%, RIZ 2B OFEEPNEIRE L, ZEOIRIFIED IR
LTEHT2EMET S &, R LARWERIE 1-p2 s, —M{ELT, n
B O IFARZ B U 72 BRI LWL (1 - p L5iRTE 5, Lo
T, n HORFEZBIL 2RO Pnd 1ZLLTFO X S IZFIR T 5,

P(Inf | n,p)=1—-(1-p)"

ZOWEIZESEEBOHEKEET VR EREIN TS, D5, L<H
WHNDDBEHET NV ER—F « KTV ETILVTHD,

BEET VR OIR—%F « K7V EFLDOREE LT, LTFTDOX 102, B
va Ny X2 —gEOf'ERISET MWl E R LTz,
BE SN AREMEMAED N T o B DR T Y oAzl > T ERE LT3
A, UTofEHET v E LTRRIR T 5,

P(Inf | D,r) =1 —exp(—rD)

ZZT. DIFHEEREE (). r ISMIRME 2 OGRS D TILOMIE TS
[FIRECd 2 EARUE LTzt & 7~ g,

ZIT vy MIOEWICERT D% ORI ORGEER N R D | 2O
SRS — 2 A D LR LI, LR D_— % « BT VoAb LT
L L TR T & %,

-

P(Inf | D,a,B) ~ 1—<1+§)

2T, DIFERES (EH) . o & BIXIEMTEICEA OHEE T A —F T,
a<<B 2D B>>1DLEITITEE/R_X—4% « KT VUM EFE LIRS,
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Probability of respongea

X 10. hrEOQNY F—EEORAERIGETILE
FBHETILRUAR—=2 - R7YVETILDLLE)

R RIZB W TIE STV L WRIFEMEME O HBESET VDT A —2]

2T, FAO/WHO

N 1
[ __1_ | ! |
P4 [ S L :___';'_f ! i —
| Pt -F"'dT_
va P o
(R SR RN N W N N B
' Exporiemicl] | .
r I::lclm 0 ' !
08 gL A _.‘1..=.FI..2.1.'_E_=?3_'?_5___: ]
oo o
| : !
1 ]
(oI 3 I S N
| 1 |
| 1 !
| :
0.2 | :
|_.l' :
o i
0.0 ---"/1 | L 1 i
-1 0 1 2 3 4 5 & 7 8 0

Lag Dose (Organisms)

-
—

(2021) IRENTWET—ZEZLLFOERSITE L DT,
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%£5. WMEYFEN)RVFEMIEVT—RUICAVONIAERIGETIL

EFDINT A—4 (FAO/WHO (2021))
WA STk ET IV INT A—H TR R
(percentile) (percentile)
Salmonella spp. | FAO/'WH | Beta— a=0.1324 0.0940 (2.5th) | 0.1817(97.5th)
0 (2002a) | Poisson B=51.43 43.75 (2.5th) 56.39 (97.5th)

Listeria FAO/WH | Exponential | r=1.06x10" | 2.47x1013 9.32x1012
monocytogenes 0 (2004) | (susceptible | 12 (5th) (95th)

)

Exponential | r=2.37x10" | 3.55%x1015 2.70x1013

(healthy) 14 (5th) (95th)
Campylobacter FAO/WH | Beta— a=0.21
spp. 0 (2009d) | Poisson B=59.95
Shigella Cassin et | Beta— a=0.267
dysenteriae al. (1998) | binomial B=Lognorm
/E. coli 0157 al  (5.435,

2.47)
A SCHR TV NG RA—R TR kBB
(percentile) (percentﬂe)
Vibrio vulnificus | FAO/WH | Beta— a=9.3x106
O (2005) | Poisson B=110 000

(FAO/'WHO ( 2021) 722551H. 1ERL,)
Source: Food and Agriculture Organization of the United Nations, [2021], [Joint FAO/WHO Expert

Meetings on Microbiological Risk Assessment (JEMRA)], [Microbiological Risk Assessment Guidance

for Food (MRASeries 36)], [https://www.who.int/publications/i/item/9789240024892]. Reproduced with

permission.

(5) Key Events Dose-Response Framework: #Ht-%HERME TILEEF X
EROETEME DO U A 7 FHITIE,

Al ORZ & 72 2 S B & R &

DR E R TIERDOABEKIGETT VIZLL FOO~QD WD T —Z B

5D,

O ‘EPEFEEERFOHET —~
@ ANORZT T4 T7HRBRT—4
@ EmERT—~

WFROT=Z WL LT, MESNIZET VITIEFICE S OIRE & #E
M EDSE (FRE T NAAEGT — Z OFIAS~DOTHI) D3EET 5720, B2,
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B DB DB N DRZEDE N SIXETIVICEET L LITTER Y, £
fo, BEAEERORTRHIIBAEOFTHETH D LIHEINDLM, 1-2 AR OFEH
7R LIV, EWolzZ L BETEX 700, A CIEFICEHEE e IME
F=H L LTI, E7voEHE (ZVWEE) Hn, BHE (D0nwEE) oH#
ETHHRTHD, LnL, 2o ORMBEAE, BUROFIN (BEEL) &R (%
YelfesR) L Z2HMICHE OO 258U (£T k) TIEEET S e,

Eiko X oz, BUROHEKISET VIZIZZEOMBEARH 5 DIXHATH
D, ZNOORMERZWIRT 57201213, RIFEFEROBRIZHLEYME L TO
HE & AN & oBfRICHKIT A24AHARE LV ESEHE L T, £ O A2 Z#E M
ELTTHIET MZHARAT Z & T, L0 BEMNZRTHIAZFRE &3 25 A &L

T IV DIRIN D,

kO ERISET IV
TITEUNCHERE T X 72
> TR &S D53 D
TH, S HIZIEZEOMmD
T2 DEFER Z HEJE
LCTRAEEE T 5728
\Z(Buchanan et al.,
2009) &8 L7 Key
Events Dose Response
Framework (KEDRF) @
N i IRV AT 4
FISET IVEHEET %

(X 11), KEDRF &
X R EREEARELT
> 5 B N T DS 3 ik
ST AHETOHE DN
BN TOAEEK IR (Key
Events) fICFHli4 5%
X THD, ISR
R TH - Tpeko &
IET AN B REL
T. Key Event 8 TO4
17/ FEIsdfE R 2 4 E L |

AxAa0fR

I\Iu
Y

| BMLAETOER  |ekey et
/P

Ll

i RAEEEEORSTOLE |€Key bvent

LAY

i ‘ MRLEARADRA Koy Bvent 3
I u'; l.\"h P

BATEY Bt |

11. Key Events Dose Response Framework (KEDRF) [Z
HOREEREREMED Dose-Response £ T ILIEED ]
=M (Buchanan RL et al.: 2009 ™51/, #EAL.)
Reproduced from Crit Rev Food Sci (2009); 49, Buchanan RL,
Havelaar AH, Smith MA, Whiting RC, Julien E: The Key
Events Dose-Response Framework: its potential for application
to foodborne pathogenic microorganisms.718-728. Copyright:
Taylor and Francis Group, LLC, Open Access article.
https://doi.org/10.1080/10408390903116764

Gz TR BB T T V2T 5 2 LT BRI TE T o Tz
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FESICHERE O —im 2 B 5202 LT, BUEO ARG IS MO E O ER
B HER O TR & [ RE L T 5,

2022 4 1 A FEAC L B EALIEFR T O R B 00 FERRZEEh O 1 JIHE E (Koseki
etal, 2011, Koyama etal., 2021, Takeoka et al., 2021), MFPHIE & DS
T T OIR IR O HEsE S B O H#EE (Fuchisawa et al., 2021). /Mg bRzl
Ja~n g vany 22— AT HI(Abe et al., 2020a)lZA[REL 2> TE D, &
DITIEREE DO SCERE 2> & KEDRF OMEEZ HBIAMEL L T, by ¥ —
DIEG R %2 TR T 2= HERISE T VR I TV 5 (Abe et al,
2021),

AFHFEIZ UL, [ LT LM OER CGEFERE. mind) SRFEE (IR
DEERD) REDEBEZNMK LY I 2L — FE2rREE TS (K1 2), 5%D
P HEKSET MEEDOTIELE L CTHOMBERIZB W THLREN RSN
5o

1.01 | 1.04
0.8 0.8+
Py Py
= 061 = 061
=] £
(] (]
=] =]
204 204
o o
0.2 0.2
Young, Liquid Elderly, Liquid
009 - ) ; _| 004 = s ]
=2 0 2 E B =2 0 2 4 5]
Log Dese (LogCFLY) Log Dese {LogCFLU)
1.01 1.04 e
0.8 4 0.8
E 0.5 1 i"" 0.6 1
40 0
2 2
8 0.4 204
o [
0.2 1 0.2
Young, Solid Elderly, Solid
0.0 1 0.0+
-2 0 2 4 & -2 0 2 4 B
Log Dose (LogCFU) Log Dose (LogCFU)

12. KEDRF [2ED< ¢ Jjejuni DAERIGEEZRDFRHER
Abe H etal., 2021 2255 H
Reprinted from Applied and Environmental Microbiology (2021); 87(20), Abe H, Takeoka K,
Fuchisawa Y, Koyama K, Koseki S: A New Dose-Response Model for Estimating the

InfectionProbability of Campylobacter jejuni Based on the Key Events Dose-Response Framework.
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(Creative Commons CC BY 4.0)

(AR R BRI i, AR R & BRI 60% 38 KUY 95% PRI 27 d)
3T K D/ (8~13 1) DEMZE AL Tl E SN 7=RFEiER%~7 (Teunis
et al., 2005. Abe H et al., 2021 72551 H) .

N

2]

A%}

* Teunis P, van den Brandhof W, Nauta M, Wagenaar J, van den Kerkhof H,
van Pelt W: A reconsideration of the Campylobacter dose—response relation.
Epidemiol Infect 2005; 133: 583-592
DOI: 10.1017/s0950268805003912

- Abe H, Takeoka K, Fuchisawa Y, Koyama K, Koseki S: A New Dose-
Response Model for Estimating the InfectionProbability of Campylobacter
jejuni Based on the Key Events Dose-Response Framework. Applied and
Environmental Microbiology 2021; 87(20) e01299-21
DOI: 10.1128/AEM.01299-21
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<BE>
BPENRERELBHIELHAICEAT IRAERSETIV CEEDREKH)

(D Escherichia coli 0157:H7

RNR—B - RF7IYETIL

* Teunis P, Takumi K, Shinagawa K: Dose Response for Infection by
FEscherichia coli O157-H7 from Outbreak Data. Risk Analysis 2004; 24: 401—
407

DOI: 10.11114.0272-4332.2004.00441.x

+ Strachan NJC, Doyle MP, Kasuga F, Rotariu O, Ogden ID: Dose response
modelling of Escherichia coli O157 incorporating data from foodborne and
environmental outbreaks. International Journal of Food Microbiology 2005;
103: 3547
DOI: 10.1016/j.1jfoodmicro.2004.11.023

Tahle 4
Nose response model fis i oethreak data
Muodel Likelihood Best fit Median fit Critical 7. Dreviance, ¥
paramciers parameters (st fit)
bExpoierilial Birnaanial Pa=0.00113 =Lz 0R 1407 latd. 45
Fets P 0332 P01 55 12,59 56,33
Fimaoamial fi=iL 11 =474
Exnct Beta Bimaomial Ma solution
Puoisson Eietn- a=0.0563 x=l 1635 L1607 44,45
Binomial [i=2.34E7 fi=4 3682
G=0.5758 (=0 5590
Approximabe Binomial Mo solution
Beta Beta- w=0.0571 a=l X241 11407 .47
Pasissom Brnoanial B=22183 fi=4. 8807
A=(1.3750 A=.5071

* The deviance 15 required i be less than the critical ¥* for o statistically significant fit,
Reprinted from International Journal of Food Microbiology (2005); 103, Strachan NJC, Doyle MP,
Kasuga F, Rotariu O, Ogden ID: Dose response modelling of Escherichia coli 0157 incorporating data

from foodborne and environmental outbreaks. Copyright (2023) , with permission from Elsevier

+ Teunis PFM., Ogden ID, Strachan NJC: Hierarchical dose response of Z.
coli O157:H7 from human outbreaks incorporating heterogeneity in
exposure. Epidemiology and Infection 2007; 136: 761-770
DOI: 10.1017/50950268807008771
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Table 2. (a) Parameter vafues for the “hest fit" (posterior mode) curves of the separate outhreaks (of. Fig. 5
andd the predicted group dose—response model (prediciion). (b Statistics for the Monie Carlo sample of predicfive
parameter valwes » 3 30 and 95 percentifex, and correlation coefficient

{a) Posterior mode

Homogenous Heterogenous
Refercnce i ,|‘i‘ o ,ﬁ‘
Maw Dheer, TTK 102 102 0-162 1593 1-00 = 14
Morioks, Japan 2esx 10F 0137 i3 5655
CQregon, USA 0380 TR0 653 B0-55
Kashiwa, lapan 111 4-T4s (302 1-03 = 1
Washington, TISA TG0 * 2317 11z T0-37
California/Washington, USA T34 = 1071 1-6fr 2 1032 T2 1071 0-175
Tinois, TISA 5w 0 130 2ol 101 0-544
Wyre, UK 322 10! 245 % 10" ik 101 0-2649
Prediciion 0123 249 248 45-50

{0} Monte Carle sample

Homogenous Heterogenaus

o e a &
s 547 =104 0023 262w 104 0-056
Crse 0-280 R-T02 0-373 1071
Oy 4804 6% 101 1959 396 % 100
Corr (e, ) 3% 0601

Reprinted from Epidemiology and Infection (2007); 136, Teunis PFM., Ogden ID, Strachan NJC:
Hierarchical dose response of £. coli O157:H7 from human outbreaks incorporating heterogeneity in

exposure.761-770.Copyright © Cambridge University Press 2007

@ Salmonella

RN—AB - RF7IYETIL

« Havelaar AH, Garssen J, Takumi K, Koedam MA, Dufrenne JB, van
Leusden FM et al: A rat model for dose—response relationships of Sa/monella
Enteritidis infection. Journal of Applied Microbiology 2001; 91: 442—452
DOI: 10.1046/3.1365-2672.2001.01399.x

+ Teunis PFM., Kasuga F, Fazil A, Ogden ID, Rotariu O, Strachan NJC:
Dose—response modeling of Sa/monella using outbreak data. International
Journal of Food Microbiology 2010; 144: 243-249
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Table 2
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Care sample of predicied 1050 and [D1s: averap: and 85% predictive miereals [botom )
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Reprinted from International Journal of Food Microbiology(2010); 144, Teunis PFM., Kasuga F, Fazil
A, Ogden ID, Rotariu O, Strachan NJC: Dose-response modeling of Sa/monella using outbreak
data.243-249. Copyright (2023) with permission from Elsevier
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* Teunis P, van den Brandhof W, Nauta M, Wagenaar J, van den Kerkhof H,
van Pelt W: A reconsideration of the Campylobacter dose—response relation.
Epidemiology and Infection 2005; 133: 583—592
DOI: 10.1017/s0950268805003912

Tahle 4. fnfection and illnexs dove—rexponse models fited joindy to outhreol dota and volunteer data [7],
axswming a concenfration of T00 ¢ o0 in the confamingted mill which cowsed the two ouwdbreakys of
vompyiohacteriosis. [Alse shawn (bottom rows of pooled data): *optinuem” concentration (1522 o Cw 1) and
equivialent concentration (3379 o £ /D) with corresponding parameters.]

Study Cone. (e.fu) Dy ¥ g (L)
vun den Brandhof et al. (4] 100 10554 12-5492
Evans et al. [6] L0k 5423 11-071
Peoled 100 9547 12-532
1522 9035 12-592
3379 G155 12-5492
Study Cong. (e.fuly Fa (@, fi (&, i
wvan den Brandhof et al. [8] L0t 58 {O-0I50, (1-038) (2132 107, 5-02 = 10F)
Evans el al. [6] Lo 0136 {0-06%, GOE1) (6:27 = 108, 278 = 109)
Pooled 100 0077 (0-038, 0-022) (B-13= 10 7, 1-23 x 10F)
15-22 -0El {0-024, B-011) (3-63 = 10F, 2-44 = 107)
5370 0077 (D057, (-047) (1643 1077, 1-06 = 10F)

Reprinted from Epidemiology and Infection (2005); 133, Teunis P, van den Brandhof W, Nauta M,
Wagenaar J, van den Kerkhof H, van Pelt W: A reconsideration of the Campylobacter dose—response

relation. 583-592. Copyright © Cambridge University Press 2005
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illness from Campylobacter jejuni may require high doses while infection
occurs at low doses. Epidemics 2018; 24: 1-20
DOI: 10.1016/j.epidem.2018.02.001

Table 8.4
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Reprinted from Epidemics (2018); 24, Teunis PFM., Marinovi¢ AB, Tribble DR, Porter CK, Swart A:
Acute illness from Campylobacter jejuni may require high doses while infection occurs at low doses 1-
20. Copyright (CC BY-NC-ND 4.0)

¥ Attribution-NonCommercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

@ Listeria monocytogenes
RT Y T IVRHRE R A
* Pouillot R, Hoelzer K, Chen Y, Dennis SB: Listeria monocytogenes Dose
Response Revisited—Incorporating Adjustments for Variability in Strain

Virulence and Host Susceptibility. Risk Analysis 2015; 35: 90—108
DOI: 10.1111/r1sa.12235

66



3 RRESHT

BHEY A7 OHEE - BRHIIZHOBE RN ANFEHRE LTHE X bNTMERE
LCEETHEINS, TOME HEEINZY A7) 1L T, ABDLEEERO
WEELS (ROLEETHIERNC, BRICIISHFVEELHEXRWERKR YY) 27F
BICETE - FHMET 2 FIEERESNT E VD, SV D L ESIT & 1Th D
BROENEE LI2HAIC, HESND Y AZIZEORRERE L& R fE
Wik Th s, ZOREURILT 2HELE LT, MAVRXR—RIT T ITRORANRA K
— 7 I 7R ERACNLEND GEMIZER),

RESHTZHWS 2 & T, HEEIND U AT ~ORERE O G WEK % E &1
IR 57 8 URAZEHMEZ DL DT Tl A EHEEOREICHE
T 5, Bl EFRORFTEY X7 OFHIICHNT, wiERE LV b —E L
KIREEDO TN Y 2T A~DFGRNEND, E Vo7 U 2 7 (KRR b 2
RIEFTTRAFE L, BHEREE OB R EREW 2 ELHEST 52 &2
REET D,

U 27 Sl DR 3 HT I, SR OER (ANER) OZEZ AN WL TRER
~OFEE TN T 5, EOFRIC, FBEK D E OO TEE T 502 iRy
FTEEL. BT AINVRY I 2L —ya 0 Z2EMTLHILE T REERNENLS S
WORERTED X 9 R BIEIZ R 502 /HE L, T b DR RIS T 2 2B %
BT A FERTFECIEERTH AL, T T Y 2 b—y 3 T, FHERE
DINEZ TR DIV STCEBIT LV ERTHI LT, 2V a—F ETHT,
BHOROF VA EAERT D, —WICIE, YIa2b—TarnNETT5E,
FHROATME L VX7 HEERER & ORFENEL T 7 41T (BALOWRE) L, 7
I AT SNTEEEOEZ W T SR LSRR OMEBIRE L v R 2R T
% (ENEAREAC X B PS5 Fi5) .

EEA |
=HEB I
EREC |
|
]
||
|
[ |
[ ]
[ |
1
|
|
|
|
|
|
EEN |

-0.6 =0.4 -0.2 0.0 0.2 0.4 0.6 0.8
BEMURTCHTEBHED (B BREEHE

B13. YRJFHEEBREINDA A —TH

67



V3ial—varOREERICH LT, FEZEOLE AR T S TIEE L
T, MR —=RT T 7 LA X —=TZT7RAHEND, ML 3R— K7 T 71,
fE R B L 52 2EBER A | EORENPRVIEFIZI 7o b 0T, ok
KLY BELONEZHIET D DIESLD, —F, AL X —7 5 7%, LB
KOKREEE, ZOLEOEREZMENCTr Yy FLTEHLDT, HDHKRA 2 M TRA
W BN EE D L O BREHEROFLIZEHATH D,

AT MR —= R T T 7 L ARA X —T 5 7 % R TATr O Ll 2 ~9,

(1) PLR—FT 37

FHIEIZ IR WNT T U AT 24T D BRIZ, BREZLSED T LIV RERN
EDEICENT DOMCONTRRT D FEE LT, [ hAF— RFr— ||
XIE ThAR—=RT I 7] BN GEGR DL, MR— 7T 783, &
BOLIRBRE LV BEE 1 H>To@EN L TVE, FHEFBRICBNT, 25
PREWVEENASNC D Z ERNFFRTH D,

Dogan o Dim3L (2019) @ BESUETON AEZFMMT 2720 DRHAED D
RN Z—OEEMMED ) A7 FNE TV GEHIZEZEOE 5 FHEH
ZHM) ITBWTC, MR — 7T 72 AWTZRBEST O EZ R LTV 5D,

PLFDOXK 14 1R T KOS NBGREOREN KBV A7 2 FIF5R+THY
TRTOHE SN WHABEUNIINE S LT LR (Teook>89.7°C), 1 4EH @
ANH 10 F AN oFBEHIT 0.12 NTETHAD L, #Ii2T-<CTOR BN
BR A5 (Teook<45.2°C)DIGE, 1AM D AL 10 5 A4 720 O BEHIE 8437 A
IZETHIINT 5 EHEE ST,

F 7o, BEAPRET R ONETE Y 2 — L OKEE ST CEE /2 /N5 A — & [TlE
H D59 DZE(L(ORtrans), W CTHEEH OIRE(CEL), BT (ewlp), FHHEM
DHYeE(Pflock) K DMk dr o 025k (LCtrans) Th > 7=, €Y 2—/L
ELEER LT B OMEIET Y o — VTR AEBR U A 7\ I o T,

68



Tornado Chart for Inputs Ranked by Effect on Output Mean
012
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Fig. 4.Tornado plot for inputs ranked by absolute change in the output mean. For input variables, please refer to Tables 2-5

for detailed explanation.

X14. ARBOAVEANIZ—BFEYRAVFHEICKETEEER
DEEERT MILR—FT S 704
(Dogan et al. (2019) 5 5H.,)
Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative
microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing
interventions. 97-110. Copyright (2023) , with permission from Elsevier
DOI: 10.1016/j.foodcont.2019.01.003
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x6. BEITOELEHY

Table 5-1. Summary of Key Characteristics of Selected Sensitivity Analysis Methods

Sensitivity Analvsis Method

Characteristic | ypqy | pgy [ _Correlation Regression | yNova | CART | FAST | Sobal | RSM | MII | SP | €SA
Sample | Rank | Linear | Ramk
Sm;llﬂ?aq.euus No No Yes Yes Yes Yes Yes Tes Yes Yes Yes Yes | Yes | Yes
Variation
Non-linearity No No No Yes No Yes Yes Tes Yes Tesz Yes Yes | Yes | Yes
Threshold No No No No No No Tes© Tes No Mo No No Yes | Yes
Interaction No No No No Yes Yes Yes Tes Yes Tesz Yes Yes | Yes | Yes
2 litative vs. No No No No Yes No Yes Tes Yes Yes Yes No Yes | Yes
Quantitative mputs
High Exposure No No No No No No Tes Yes No No No No | Yes | Yes
Twc-D:.meu_smual No No Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No
Analysis
Ease of . No Tes Yes Yes Yes Yes Mo No No Mo No No Yes No
Implementation
Quantitative - . . - . - . - a . . - . - N
Ranking of Inputs Yes Yes Tes Tes Yes Yes Yes No Yes Yes Yes | Yes | No No
Meazure of
Statistical No No Yes Yes Yes Yes Yes Tes Yes Yes Yes Yes No No
Significance
Discrimination of Yes Yes Yes Yes Yes Yes Yes Tes Yes Yes Yes Yes | No® No
Important Inputs
Robust in Practice No Ne Yes Tes Yes Yes Yes Tes Yes Yes Yes Yes | Yes | Yes
* A method for rankmg the mput based upon the conmbution of each mput to reduction m total deviance was explored and 1s promising for future

development

® Can be based upon expert judzment
* Depends on proper definition of factor levels

NESA: Nomnal Sensitivity Analysis DSA- Differential Sensitivity Analysis  ANOVA: Analysis of Vanance
MIIL: Mutual Information Index  SP: Scatter Plots

CSA: Condihional Sensitivity Analysis RSM: Response Surface Method
FAST: Fourier Amplitude Sensitivity Test

Reprinted from USDA (2004), Frey HC, Mokhtari A, Zheng J: Recommended Practice Regarding
Selection, Application, and Interpretation of Sensitivity Analysis Methods Applied to Food Safety

Process Risk Models. https://www.ccee.ncsu.edu/wp-content/uploads/2015/08/risk-phase-3-final.pdf

CART: Classification & Fegression Tree

(Frey., Mokhtari and Zheng, 2004 ®FE 5-1055(/H,)

74




4 FHEREEEHE
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AHEFMEITT R TOREDT Y 27 5l 1 IZFE L Ty (Morgan et al., 1990),
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uncertainty

Questions that may help to identify sources of uncertainty
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FIGURE 6 | Comparison between observed and simulated Inactivation of Bacillus simplex with initial cell
numbers of 103 (A), 102 (B), and 10 cells (C). The solid and dashed lines indicate the median of the prediction and
the 95% predicted interval, respectively. Observed data are indicated by a circle.
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Reprinted from Front Microbiol (2021); 12, Hiura, S., Abe, H., Koyama, K. & Koseki, S. Bayesian
Generalized Linear Model for Simulating Bacterial Inactivation/Growth ConsiderinVariability
and Uncertainty.: 674364. Copyright © 2021 Hiura, Abe, Koyama and Koseki. (Creative
Commons CC-BY, version 4.0 article).DOI: 10.3389/fmich.2021.674364
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FIGURE 9 | Comparison between observed and simulated growths of Listeria monocytogenes with average of initial
cell numbers of 10 (A), 1 (B), and 101 cell (C).
The solid and dashed lines indicate the median of the simulation and the 95%
predicted interval, respectively. Observed data are indicated by a circle.
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Reprinted from Front Microbiol (2021); 12, Hiura, S., Abe, H., Koyama, K. & Koseki, S. Bayesian
Generalized Linear Model for Simulating Bacterial Inactivation/Growth ConsiderinVariability
and Uncertainty.: 674364. Copyright © 2021 Hiura, Abe, Koyama and Koseki. (Creative
Commons CC-BY, version 4.0 article).DOI: 10.3389/fmicb.2021.674364
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Source: Food and Agriculture Organization of the United Nations, [2021], [Joint FAO/WHO Expert
Meetings on Microbiological Risk Assessment (JEMRA)], [Microbiological Risk Assessment Guidance
for Food (MRASeries 36)], [https://www.who.int/publications/i/item/9789240024892].

Reproduced with permission.
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5 DALY R U QALY
(1) DALY

DALY 1%, R 2 @O AL E U, BARIC L o AEmBRFER L RELIZ T
AAE LTS Z IR L BRI K 2 A A BRI R L, BN afr & Tn
T BB DOPIRLfERIN 12 K DR E GET & EE) 20T 25 2
EMMARETH D,

DALYs | ZBUEDOEFIRGE & BARA) 7RI RE (R 72 £ RN © 8 < Fan
2979 5) EOX vy ER L, 1 DALY (3R 1FEOBKEEXDL L
NTE D,

BN EYYE X, AR A IUTFECR T E < Wb OO, BFE O
FIEOEZIRT I E, ARMEE FHERERBRFHEZE X LTS, WHO T
TR O & SN R YE D R EICHOW T, DALY #HWTHEE LTV 5,

(WHO: Estimating the burden of foodborne diseases: A practical
Handbook for countries. (2021))

DALY 1%, HEHROMBRIEFICERT 28T L EEICHT 2 AmM A i T
LI THRAERICHIZE U, ERBORCHIZE - BRI OB LIRS 2 KBRS~ 2 &
MTEHIEEE LT, WHO ZHLIC, BRERDHR LT kA 2R RCE
BRIK - DOEFEWEEZ ERILT D700 EE L CEBEMICHW L TWD,

(Lake et al. 2010, Mangen et al. 2010, Berjia, Poulsen and Nauta 2014,
Scallan et al. 2015,. Ssemanda et al. 2018,. Monge et al. 2019) (&LZZ4E
ZB2E v T AD Kudoa septempunctata 1% 5 & S EE A MRS DUV T
2015 4 11 H)

<s5E>
- DALY O&H )71
DALY I%, &5V X 7 ERDFEHME S o RmaEHTEFILIcb D%
Y AR R4 (Years of Life Lost : YLL) | KO A Y 2 7 K
XS THELDEEOHFRLEMTEE LI b DZ T [EELEFFHK
(Years of Life Lived with a Disability : YLD) O&FFTRD SIS,
DALY=YLL+YLD
YLL JE, AT, ST THERICK T 2 B nma T abtc
BUIZ—2T %, YLLIZFHTHERKR I EIZU FOERTRD s,
YLL=NXL
(N=FET-$, L=t s 0 ) 43 )
YLD i3, FEDOER, FEDR S 27l 57201, ZOHRIFIC K HEE
DOREEDOEALT (Disability Weight) 23 & L) 72705 H1H
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(duration) ZHEAFL LN 5, YLD ZLLFOEXNTRDO b D,
YLD=IXxDWXL
(I=BF . DW=EEOREIZ L5 HEAMT, L=FAnE i o 5 0
IFFETICE D ETOHM)

(WHO: Estimating the burden of foodborne diseases:

Handbook for countries. 2021, FAO/WHO 5 1 # > Z(2021), BihE4E

ZE% BT A0 Kudoa septempunctata \Z4% 5 L EEFE A

WT 2015411 H)

A practical

DALY s D BRIl L LT, AARICBW TR #H A5 & 2R
KIZOWT, 2011 FDFT — #1255 %, YLL, YLD X UFDALYs #H#E5H L

TARERIZHOWT, LFDOFR IR LT,

x9. 01 EDBRRICEITLERFZSISECIRERD
YLL. YLD % UfDALYs D #EH#aR

I A YLL YLD DALYs
Campylobacter 97 5,968 6,064
Jjejuni/coli
Salmonella sp. 166 2,979 3,145
Enterohemorrhagic 252 211 463
FEscherichia coli
(EHEC)12
Listeria monocytogenes 3,763.9 15.5 3,779.4
Norovirus 457.0 58.2 515.3

Pk 26 4R EA TR AR A & TR OLEMHAHEENTERE  RihLelT

BUZE T HBORNL S & BURHI AT 20198 D51, fetk L CIERL.)

WMFRARES  a@m e sEE £8 0 S0 B B, 79 i, Stuart Gilmour, Md Mizanur

Rahman: “Fpk 26(2014)4F FEJE A T3 BR AT LRI & L e amiEntr  [Mighe] ’Rio%

12 JfiF IS x| IBEHMMERGE (EHEC) LR# L TnD,

EHEC |, ZORIEHTNOH2D &, WERRLGE (FREMRGE) ofTh, Nnm
TR PEAEMEREGE  (verocytotoxin-producing Escherichia coli, VTEC) & %W IERE =
FPEEAMERNHE  (Shiga toxin-producing Escherichia coli, STEC) ®#7 2V — |38
Id, (GF 16 B AAMEFSEN#EE ST 2 b - e REE (EHEC) o

B - [RIEYE, B ASHIE FHEE 1997, 52(4):747-799)
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EHERHEETIE R dh L BATEUZ I D BORL R & BORAHIE A 2B D 58,

F£7-. WHO 1%, 31 OB MESTEIEIZHOWT, #EEBHEL L2, 2010
R R OMFIZI T D DALYs OHEEHER AR L TWD (2015 ), kil L
7= HA®D DALYs OF — % THPR LIz — RIZ#K Y . 235 % T2 YLLs,
YLDs & U DALYs O#EGHE RO T RAE (95%EHHIXH) 2 LT O 10 (2R
R

F10. 2010 FOHRIZE T HEBPEZSISE I HEMAED YLLs, YLDs
B U DALYs DHEEHIER D RIE (95WSHEXAE) (WHO 2015)

I SR AR YLLs YLDs DALYs
Campylobacter 1,689,291 442,075 2,141,926
jejuni/coli
Non-typhoidal 3,976,386 78,306 4,067,929

Salmonella enterica

Shiga toxin-producing 9,454 3,486 12,953
Escherichia coli (STEC)

Listeria monocytogenes 116,109 2,255 118,340

Norovirus 2,403,107 91,357 2,496,078

MHMERHRE AT, PRIEZRL T D,
KO [ECHIEIT & PIR O AELUTR R D Z LD HIERIFRICERT % YLD KOt
YLL O&FHMETH 2 DALY s OHERHEIE A A & R A Ll L7235 8 I RERERD S
2o
(WHO Foodborne disease burden epidemiology reference group 2007-2015: WHO
estimates of the global burden of foodborne diseases.2015 7>5 5| ., 1EA%, )
Reprinted from WHO (2015), Foodborne disease burden epidemiology reference group 2007-2015:
WHO estimates of the global burden of foodborne diseases. Permission authorization for WHO

copyrighted material. https://apps.who.int/iris/handle/10665/199350
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(2) QALY

QALYIIDALY &t L, FITHEH T 5 EA DT OMEN LR D, DALY
TITEM Z X5 LT 22 00lifE & LT [EEOEADIT ] NMThilb DI
L. QALYDOHE& T, HEMFICL D [EEOEA] Tlikd., FHiE-oE
W7 =21 S THEOEA) ZHWT, FFEORFBEEDO F TR IND
R EEDE 2T i T 2, 20X ST Fu—FI2LY, Ho%EH,
SIRFROSA . RIS OBV L D EPUEAFIRE L 725 (Haas, Rose
and Gerba, 2014) .

QALY IZAFFHDIE R & fFEESE D quality of life (health-related
quality of life: HRQOL) DO G OBEF 2N LI2fEiE ThH b5, QALY THW
5N H5HRQOLMESIE T0=3E1) 1 =sg®fi] LERLLLOT,
FERBEICRIE N H 2B AT —IC0~ 1 OO L LTEHREND, 2D
HRQOLME & & DIRAE TV A 2 )T &b TQALY R G615, filx
X, SERREBEORECUERASFTH L1 QALY EZRD , 0.8 W HIRAETL
EMAEFT D L0.8 QALY. 2EMAFT DL, 0.8x2=1.6 QALY - 72 5,

[F CSHEMAFET 256 Th, BRICEFEIREE (1.0) O AN3 FRIAFET
556 DQALY (F3.012%F L, fEEDIRAEDN0.5D N33 FRIAEFT 555D
QALY (X1.5 LHEH IS,

ZOXDBRIBFEERAND Z LI Ko T 2 OTER° T Bi78 £ Tk
DIEREE WD Z ENa[Re & 72 5,

(FAO/'WHO A # A (2021) . Glover D, Henderson J: Department of
Health: Quantifying health impacts of government policies 2010, [E 7]
SXEME HENONEZRR - [FRDEICB T 2 BN A &
#2019. No. 1050, f&HAKL : B HNRHT « 2FE~DA 37 b, BHEES
2016; 105: 2330-2335)

SEE AT (FSA) X, v FURFEABEEY K5t (London

[H]

13 QALY OB HICHWS Z LN T& %5 HRQOL OiljE>Y —/ & LT, Euro Qol 5
Dimension (EQ-5D) HAGER & W o 72 b D LI STV 5D,
https://c2h.niph.go.jp/tools/pbm/eq-5d-51/

(M. mEEh il AAGENR EQ-5D-5LICHKIT 5 A7 U v 7LD, REEE
R 2015; 64(1):47-55)
https://a.msip.securewg.jp/docview/viewer/docN1C86BDED1E03e19f00c15a30350d
abec62844f933a7f479bc5a8c0984453233d701044d06909
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https://c2h.niph.go.jp/tools/pbm/eq-5d-5l/
https://a.msip.securewg.jp/docview/viewer/docN1C86BDED1E03e19f00c15a30350da5ec62844f933a7f479bc5a8c0984453233d701044d06909
https://a.msip.securewg.jp/docview/viewer/docN1C86BDED1E03e19f00c15a30350da5ec62844f933a7f479bc5a8c0984453233d701044d06909

School of Hygiene and Tropical Medicine) & ®IL[REMFFEIZIBVT, B inE
ISR D BIR AT OHEE DT d DT 70 —F R OFEOEH 1T\,
20204 R 1T EF A AR L TWD, BMEIEYYEIC X D2 RFAM 2T 5
24720 NAFEE ORI L QALYDEE WD Z LM TE DL Lhb,
FSAIZ. 2018F-DH[E DT — X (235X Listeria monocytogenes,
Giardia, Norovirus, Hepatitis E virus, Campylobacter. Salmonella,
Escherichia coli 0157, Shigella. Cryptosporidium% iRk & L CTER L
TQALYD il % K 7=,

2018 FEDFEENZIHWNT, LR &6 0 IR L 7o & i M EE 4 5| & =
THRFERIC LD | @R & el L CTHEM D < By QALY KA L
D IDRIIHE & # 11 1277 L 7=, Norovirus 1% 256, 182 QALYs. Campylobacter
X 72,003 QALYs CT& > 7=, Escherichia coli 0157 1%, iR L 7=IiFEIAD T
& bRV ARG (25 QALYs) Zor L7,

2. FRFERICET 5 —FF 4720 O QALY OEKIZHOVWTHER L 7=#
R, Listeria monocytogenes 7 4.034 QALY/E# Th b K& <. Norovirus
1% 0.673 QALY/H:05]. Campylobacter I+ 0.260 QALY/H (] & e Shi-,

Ak L7z & 912, QALY IZRBAM OHEE DR L L THW S, AL

ORI ONWT WS TIE BRI R FEEE & TV TR 2 COT 2RI L,
ZHOBRY A7 BT 52 EMTOI TS, 72720, FSA OHREDE
FTIE, B EICEET 2N ERHOAE CHEEICERA SR DL T~
n—F L ERmIE, BB RICRD U A7 EBEREIC X o TH | R
LTWD LI THDHN, HEmST 7 r—F O, k5L 72 5 RFEERSC 2 A
~OFEFEZR E O, EIZ X > TAFARERT —ZIINTY X1 H L0, 15
O HEE RS R OEIIFIRITE & £ E W OB 4 EH T 5 2 L i3Rw]
REToHDHE LTS, (FSA: The Burden of Foodborne Disease in the UK
2018 (2020))
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F11. AEKICKDALYDEHFHIE (Total QALY burden)

R Total QALY burden
Norovirus 256,182
Campylobacter 72,003
Giardia 11,256
Salmonella 6,649
Listerta monocytogenes 596
Clostridium perfringens 337
Cryptosporidium 40
Shigella 33
Escherichia coli 0157 25

(FSA: The Burden of Foodborne Disease in the UK 2018(2020)»>5 5| . 1ER%, )
Reprinted from FOODSAFETYAGENCY (UK)(2018), The Burden of Foodborne Disease in the UK

2018. https!//www.food.gov.uk/research/foodborne-disease/the-burden-of-foodborne-disease-in-the-

uk-2018-0 (Open Government Licence)
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%5 FHEESH
SHEFIOMED B R

(1) REHOHE

i EEEMNURYEEHEDOEH
[% 1 b]: EEEIKERMLLRY A7 R
(Semi-quantitative seafood safety risk assessment)
[£#] : Sumner J, Ross T
[Hi#4] : International Journal of Food Microbiology, 77 (2002), 55-59

i EEM R EFHEDOEH
(i) EEMY R 7 FHlOEHDO
[# 1 b]: BINKOHRHBORIZE T 5 LVERXTBED Y R 7 3l
(Risk Assessments of Sa/monella in Eggs and Broiler Chickens)
[ Ehat%BI] : FAO/WHO
[ B8] : Microbiological Risk Assessment Series 2. 2002

(i) EEMY R 7 FHlOEFHD
[Z1 b1, ZAH—NVOFRETHEESNTEHBRAOREFIZL LI
B a N B —EYE K OV VT R T EGED U A 7 Gl

(Risk Assessment of campylobacteriosis and Salmonellosis
Linked to Chicken Meals Prepared in Households in Dakar,
Senegal)

[%35] : Pouillot R, Garin B, Ravaonindrina N, Diop K, Mahery

Ratsitorahina M, Ramanantsoa D, Rocourt J
[ 8] : Risk Analysis, Vol. 32, No. 10, 2012

(iii) EEMAY 27 FEMOERIG
[# 4 Fv]: %A D Bloody clam HOBRE T U AD U R 7D 7~
DEERMNET VT
(Quantitative modeling for risk assessment of Vibrio
parahaemolyticus in bloody clams in southern Thailand)
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[%35] : Yamamoto A, Iwahori J, Vuddhakul V, Charernjiratragul W, Vose
D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S, Mitsuaki
Nishibuchi M, Kasuga F

[ H#1] : International Journal of Food Microbiology 124 (2008) 70-78

(iv) EEAY R 7 FHl O FH@
[ZA V] —RAEEEREICBST2RAHRT O a2 —par o
— VBT 2B RMOEH KL L B 2 —
(Update and review of control for Campylobacter in broiler at
primary production)
[ S]] - BN & Sh 22 iR (EFSA)
[tH8k] : EFSA Journal. 2020. 18(4): 6090

(v) EEMY X750 (FERimi Y 2 7 2Hil$61]) ©
[Z 4 F]: RAEO T e m T 2 =GB 2 AR O EH RO T7 T
ADT—RF ==V DRIND AT —VIZBT HNAHEEOE
25 D BT
(State of Knowledge Relating to the Contamination of Broilers
with Campylobacter and Assessment of the Impact of
Interventions at Different Stages of the Food Chain in
France )
[ERiFE] - 7 7 v AR MEREE @A 4Z 2T (ANSES: Agence nationale
de s écurité sanitaire de I'alimentation, de 'environnement
et du travail) .
[ B8] : Collective Expert Appraisal Report; Anses: Fougéres, France,
2018:1-81

(vi) EEMY R 7 I EH©
[7 4 ] BELABETONANEFET 27O DRAHOI e mNy H—
DERIEAED Y X 7 FHiE TV
( A quantitative microbial risk assessment model of
Campylobacter in broiler chickens: Evaluating processing
interventions.)
[%35] : Dogan OB, Clarke J, Mattos F, Wang B (University of Nebraska-
Lincoln, U.S.A.)
[HE8] : Food Control 2019; 100: 97-110
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(vii) EEH Y R 7 FHHEHF D

[ Fv]: ADOFHAOEBNFIZIT D5 RAEGRICEHE LT AD B n
NT B —EYYE - A— A N T U TICBT DI AD T U AT
EHA RTH700EENY R 7 5o
(Human campylobacteriosis related to cross-contamination
during handling of raw chicken meat: Application of
quantitative risk assessment to guide intervention scenarios
analysis in the Australian context)

[ ] : Habib I, Coles J, Fallows M, Goodchild S

[ #] : International Journal of Food Microbiology 2020; 332(2):108775

i URVEFEOHLVLHMERZRAV-EERMY RV =S
[%# 4 bV): BRBERTES MEW - VA NVAGHEE £ER8HAAEA (FA)
2B B IGE I R K O L 2 T B
[FehEréBd] - NRINR M ZEEES
[AZFERF] - 2011 4 8 A

v BREEZRENESFHMEZELTIEEMNY XY FHEFEH]
[ A4 bv]: R ZEZEBS  BATO ey F— e VxVa=/a])
[EHEtERE] - MR R L BEZAR
[~z 1] - 2009 4F 6 H

(2) FEEMO—F
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(1) KRGIOWME
i FEEM Y XD R D
[Z 1 Fv]: EEEAKERMZEY R 7 FH
(Semi-quantitative seafood safety risk assessment)
[£#] : Sumner J, Ross T
[ #] : International Journal of Food Microbiology, 2002; 77: 55-59

(#£]

F—=A T VT OMEF—LIZLY, FEENY AZ7FHO—H & LT, 10
DUFFES (—7—FK) IZBIF A2 ¥ — R/ OMBEFIZHOWT, “Risk
Ranger” &\ 95 U X7y — V2R L, VA7 Z7 %27 (BLF TRR) &3
%.) BER LTz, ZOY—VTEFHEY—F (A7 Ly RKyv—1h) Y7 ko=
TR THY, VAITHEOHEREZRMT D, UA271T0 005 100 DEfETHR
SN, 00XV ARV EERL, 100 1T TR TORFICBFHEO N — %
Gl L ERERT L, 20T xS ESWTC A=A T U T DY —T—FR
X3 25DV A7 7TV —IZHhEIhTz,

Z 7 32 RGO Y — R OFAITIX, KRR (FEXHY 27 =24) |
HaEDOMOARY U X AE (RR=25), BEZEEIn-mEfs (RR=28) OR
VU XA, FalMlEO%ER (RR=31), GRS T ewEgo 55 (RR
=31)., WA SN-FHEHE = EOBNME (—2RA—2 7 U 70ER) (RR
=31), KOEEHINZKIEDO AL 4+ x> (RR=31) BEENT, LEiEo
WTROANAY— RELGOMAT S, A=A B 7 U TIZBW AP RO LD
I TR0,

TR T 32~48 O Y — RELFOMAETICIT, SN vk
7'V A (Vibrio parahaemolyticus) (RR = 37), ¥l h/l-=tvop= 1L 7
(Vibrio cholerae) (RR=37)., HiEHly —7— KD U 257U 7 (RR=39), A
ayv7na hF 4 (RR=40). %D Vibrio vulnificus (RR=41), —fixHY
A=A NTZ VT DONIBITDHUHAT 7 (RR = 45), BMEER (EEE.
%) (RR=45) LIEFITEZMEORmWER (HIV &g, HAAEBE) (RR
= 47) 2B} % Listeria monocytogenes., &M D WIEEE N D IR
T EHOENME (RR=48) NEENnl, ZOHT IV —DIFEAETRTO

14 A7 1a b2 (scombrotoxin) %, ¥ B (scombroid) OfaZEMATAHZ LT
K VAT HEFTFE [Scombroid fish poisoning] #5/ZE I L., EAX I U2 EDR
KWEO#RIE LTINS Z b D, (B BHOKEE L ZRICET LY A7
TuZyAn—F BataM)  (E¥WHE) 2021412 A5 B HHR)
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AP — RGO AEEIL, A=A FTZ U 7T TORPFEORENRE SN TV,

TUXR TN A8 R H Y — NI OMEFEIZIE, BEEZZITOT VW
W (Yo aEm Y 7)) ToOEREIY TOY AT T (RR = 60), (Y SmK
WHROBEDO 7 A VA (RR = 67), #lfHl i CTWRWIKIRIZEIT 56 #HE
HZ RR=72) BEEnl, 2073V —TCIRHEHEIIEENDI VA NVA LA
MigEFR. A=A N7 U T ORKORFHIECEIEL WD TT 7hER e &
K7g (>100 FD) BHEFEORAENHRE STV,

(#52£]

Risk Ranger (Excel # H\\c X7 Ly R — MET L) W YERERNY
A7 Gl OFRERIZUT ORDO LY, £ 12 (Table2) (TRT LI, ~PF—F
[5G &t R (Selected population) U A7 12J& U T T v 7 AF1)

(Risk ranking) L7 (0=U 227 7L, 100=3E12),

£12. YROSXVT

Table 2

Risk rankings of hazard/product pairings of significance for the Australian seafood industry

Hazard/product pairing Selected population Risk ranking
Ciguatera in reef fish General Australian population 45
Ciguatera in reef fish Recreational fishers, Queensland 60
Scombrotoxicosis General Australian population 40
Algal biotoxin in shellfish-controlled waters General Australian population 31
Algal biotoxin—during an algal bloom Recreational gatherers 72
Mercury in predaceous fish General Australian population 24
Viruses in oysters—contaminated waters General Australian population 67
Viruses in oysters—uncontaminated waters General Australian population 31
V. parahaemolyticus in cooked prawns General Australian population 37
V. cholerae in cooked prawns General Australian population 37
V. vulnificus in oysters General Australian population 41
L. monocytogenes in cold-smoked seafoods General Australian population 39
L. monocytogenes in cold-smoked seafoods Susceptible (aged, pregnant, etc.) 45
L. monocytogenes in cold-smoked seafoods Extremely susceptible (AIDS, cancer) 47
C. botulinum in canned fish General Australian population 25
C. botulinum in vacuum packed smoked fish General Australian population 28
Parasites in sushi/sashimi General Australian population 31
Enteric bacteria in imported cooked shrimp General Australian population 31
Enteric bacteria in imported cooked shrimp Susceptible (aged, pregnant, etc.) 48

(Sumner J, Ross T (2002) 7>55(H,)
Reprinted from International Journal of Food Microbiology ( 2002);77, Sumner J, Ross T : Semi-
quantitative seafood safety risk assessment. 55— 59

https://doi.org/10.1016/S0168-1605(02)00062-4

Copyright (2023) with permission from Elsevier
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DY R OET LY URIC, BEBEN RV AT EHEET S Z
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EMHREL 72D U R EBE P AV — NI OMAAEDEIZONT, KI0E
FENZ U R 7 GHIlRFIE 24T O REERIBLLZ DT 2 Z ENTE 5, £lo, Z A L
U—IZ “what if” T U AITHIETE, VAT EHRELOBEREICLE > THEE

ThoreEZLND,
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i EEMY R EEMEDEH
(i) EEMY RAZFHEOEFHDO
[# A4 bv)]: BIRAORWABRIZBIT DV LVERTBEO Y A7 740
(Risk Assessments of Sa/monella in Eggs and Broiler Chickens)
[ EHhat%RI] : FAO/WHO
[ B8] : Microbiological Risk Assessment Series 2. 2002

(#iZ])

FAO/WHO %, mBEHEE EFREMEEZES (Codex ZEE) OM G NLH
IR ORI T 2 VERTBEO U X 7 5HlIZAR 5 HAZE OB 425K
b2 et BINKOKWHBORIZBIT 2T VERTEBED U A7 5%
1To 7z, AFHmIE,
cHEINB LOHABORICBIT AV LERTBEO U A7 F IR T 5 HAE

(2000 F41RF) AFARERBRIERICET L2 XEFE LR T L2 &, MEIIZES

WZKHLT D1 DICBEATTELT —FDEZBRARREL, EOLHRT &%

MHORTIUER SRV EZHMICT D 2 L,

- YR EHMEORHAI & ET VB EAERT D Z &,

U R EHMi 2 E UL FBIRE X OB OOV LT R T JEE I 5 M-I
KT 572D DN OO Y A7 EEH (M A) HEOREHRHTDHZ L,
ZHME L, VRAZEBKBEOEBERREOYIT LR DEREEMTLIEDE L
T, A= FOFE, N — FOFRREREM, 1L < BRI LYY 27 OHE LD

U 27 FHID 4 SO BRE A& il 24T - 72,

O TEINEOCARBICB TSPV EXTBEO Y A7 FHlE] Tk, X—%
ATV T RN, BARORTEMRE (ENORTEFFIC BV TR
HENHEETEXZHHT —%) o5 —2Z AW, LLFOX 19 (R AEKX
ISR MERL STz,

72%. FAO/WHO Tid., Z DX 9 ¥ T %O FEED 8K
BAfRICOWTIX, WP RBIENFE LW E W) AL Z T AN B ITARE
EEHHA LTV,

LI T, I Y 27 5HHIZE > TR T 5,

7. N\Y— FO4FHETE
AADOREHRHERET —ZICESE, HEKCHBESMER I N, LR
(Upper bounder). F[E ( lower bounder), 2.5/3—& %A/, 95 /3—
oA KOWIRHEN RSN TWD, HiF#E (Expected value) DX—%
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KT ETND o, BIEIT0.1324, 51.45 TH-o7=,

0.9«
0.8+
0.7«
0.6 +
0.5 +
0.4 4
0.3 9

Probability of lliness

02+
0.1+

Log Dose

X 19. HILERSDAERCHER
X 19 O &G AR ORI IE TR (Log Dose) . Ml I FIEME=R 4R LTV 5, HhifR
X By EBR, 95 persentile, expected value. 2.5 persentile, X X FERDIEIZ R L TH D,
@B THEREMERICESS T —F T UE~FREOERETET ML IS TEE-TW
2o
(FAO/WHO : Microbiological Risk Assessment Series 2. (2002) 7551 H,)
Reprinted from FAO/WHO (2002). Risk assessments of Salmonella in eggs and broiler chickens
(MRASeries2) https://www.fao.org/documents/card/en/c/0b30f5fc-646¢-5fed-9707-3fb83934cabf/

A, (£ BEFE

< BEICAE (GBI bWl (GP o 7 —, BIR. 1. BRIk
JELNEIE) S IS TR L B T COM TR OMMIES & T L
fbL. HEMCORFTRELET—F 22Ty F LI
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FHE+
=] el 1 - R \_. B - r . B Ee
HINE EREGPEU AN, ik TeEs
SRR ERE LR i BF1. &
SREPVEET £ S CSESHE. @R
SERMENE =k i GEEE
~#IEREIEN . EE TIENT 45, «HEEE
. B MIE-T HEE
il
1 E
aw 1E
FREILE
R

20. £F GBI . K@ (P2 —. ME. WG, ERE. NEE) &
VERE - HEFTORKEFMITIZTOMIKROFE - HELTTORBETIL
(FAO/WHO : Microbiological Risk Assessment Series 2. (2002) 7551 H. 1ERK. )
Reproduced from FAO/WHO (2002).Risk assessments of Salmonella in eggs and broiler chickens
(MRASeries2)
https://www.fao.org/documents/card/en/c/0b30f5fc-646c-5fed-9707-3th83934cabf/

7. URXIDHE

AN — REFEREAM & 13 < @Rl 2 MG, U X7 OHIEZIT - 7ok R,
FRREDIHYRIN 5 % T, FIOMREE PO L IRE DT VU 47 reducd (R
<, REWIM B EWT T U A) THRHIKS 0.00002% (BEH#S 1 T 50
BT BE 24), WITHEEEYEN 50% T, INORE R OREH] & IRED >
T U AN elevated GRENE, REMBEOGEWI T U A4) THREES
0.00045% (FM2EHEZ 100 HEldH7= 0 BE 4.54) Thote, VA7 OELIE
FREDTBYLRIIZIZHAFI L, XR—RA T A > TRIZGEIFEREFE 5% 05 25% (5
f#) TVU 22713 0.00002%7>5 0.00012% & 1FEIE 5 5 L5 5%0°5 50% (10
) T, URAZIZ 0.00002%7>5 0.00024% & 1EIE 10 £ EH- L T,

7 13 (Table 5.1) TliE. BRINEOREDO AN (Flock prevalence) % 5%.
25%. 50% & L7=iy, W & BEREZF CEHT & Ly U A2 {RET
5 LEARTHE B%DARF) TIEMAEKS 100 SREIHY BE 0.2 4

(Time-temperature scenarios ® Reduced D45y : 0.00002%) . fic s T HIME

(50% DAEFHE) TR 100 SEIHT=Y BHE 4.5 4 (Time-temperature

104


https://www.fao.org/documents/card/en/c/0b30f5fc-646c-5fed-9707-3fb83934ca6f/

scenarios @ Elevated O 45 : 0.00045%) & 725,

& 13. FRIRERR

Table 5.1. Predicted probabilities of illness per egg serving based on different flock
prevalence settings and different egg storage time and temperature scenarios.

Flock prevalence Time-temperature scenarios
Reduced Baseline Elevated
5% 0.00002% 0.00002% 0.00004%
25% 0.00009% 0.00012% 0.00022%
50% 0.00017% 0.00024% 0.00045%

(FAO/WHO : Microbiological Risk Assessment Series 2. (2002) 75 5[H,)
Reprinted from FAO/WHO (2002).Risk assessments of Salmonella in eggs and broiler chickens
(MRASeries2) https://www.fao.org/documents/card/en/c/0b30f5fc-646¢c-5fed-9707-3fb83934cabf/

LIt o SE (Salmonella Enteritidis) 23984 7-0 1, 10 XiX 100 @ &
RE LISt 1HYERD 5% D56 INOMMIE S 1, 10, 100 fHW-§7 T
HoTh, 1 BOBELTDOY 27131 T HEYZY 24 ThoT-, 154
N 25% & 50% TITHIEER O FEN R, FIEED 1225 100 {HIZHE
25 & BERBHTD DOV ZA731 FHEIOBEYTZ0 8415 10 41
M 2%, #IMIEEDS 1log 2L L TH, B U 27 02T 1log Kiii T
o7,

2.5E-06
O 5y
W5 E25%
g 20E06 O SR E50%
4
-8
B 1 5E-06 —
s
u
i€ 1.0E-06 —
&R
T
5.0E-07 |
0.0E+00 1 1
1 10 100
EEEEOYILERTES

X21. BEINNOEHEEFHDFRERELREEEDOER,
SIGYLINF D SE OFEEAIFHE7=0 1, 10, XX 100 HERE LT & XD, HRHFYRET L
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DM 72V DGR O T, 3 DOBRFDIG YR EAE Uiz, JNOLRE IR & IiLE
FRN—=RT A ) TR EAE,

XX 21 (Figh. 6) Tik, MEIOLKTIIIN 1 HY7D OO S. Enteritidis Oz, #H
77 ZIIAREDIGYIE A B%, 25%, 50% & LIZREDFER AR LTS, MBI REME T,
BEFEECLT-D DY A7 ZEKRL TV 5D,

(FAO/WHO : Microbiological Risk Assessment Series 2. (2002) 2»551 4. 1Bk, )

Reproduced from FAO/WHO (2002). Risk assessments of Salmonella in eggs and broiler chickens

(MRASeries2) https://www.fao.org/documents/card/en/c/0b30fbfc-646¢-5fed-9707-3fb83934cabf/
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(i) EEMY R 7l OHEFID
[Z A1 R BRI, FH—NVOFETHEINTCHBAORFIZL DI
B R XY B YYE K O LE R T IEGYED U R 7 G

(Risk Assessment of campylobacteriosis and Salmonellosis
Linked to Chicken Meals Prepared in Households in Dakar,
Senegal)

[#% ] : Pouillot R, Garin B, Ravaonindrina N, Diop K, Mahery
Ratsitorahina M, Ramanantsoa D, Rocourt J

[tH81] : Risk Analysis 2012; 32(10)

(#iZ])

BRI NDE I —IVOFEFET, HEINTHAOREEIC % ﬁéﬁW%z
JEYSER O v ea Ny Z—[RIED ) A7 1T 572012, EREMRME
%%%)xﬁﬁﬁ%Tw%ﬁ%Lﬁ@%Twi\&ﬁ~wm%fﬁkbt%@ﬁ
DEE DOAMF T L DIGFE0H L, BABADHE £ TORM EIRED T 1
Ty AN, FREOF v F AT H R FUE OBEERE K VR ITH M & B
DFORFAROR M & FERIER L, Z OO TZOIZRRNCINE S iz T —
X EMH L CTREE S,

S _mﬂfék\%@Kﬁﬁféf&f@%iﬁ%@L&?%mf
B, B A DHBA B 5 WX AT XSRS O T2 LT AEBYRIL, &
wﬁﬁf@ﬁﬁ%@ﬁﬁ:oﬁﬁok@it\ﬁ@mﬁf@ﬁmﬁﬁ@% #w
%7\7%-0)%1/1/\&*5157%%*9%%710 INOEDEWIL BNRX T —IVDFRE

B H o Ea T X —EYE R ONE T VT R T RYYEICEE LT,
%méMkWﬁ§&Ux&%%b<Tﬁé:&ﬁ\ﬁ%@@%m%wf%%@
YR O T & XIF v F U CORMBEREANRICL Y ERLTE D, X
TN DR E OFAERE it 2 BR2OMNEENH 5,

(ET /L7 7R—F)

TR (Stage 0 : BSAHEY) o AmET HEINDET) Ok
T, 6 20OAT v 7 (DRSS, QUELE ) 6 FRE~DOHGE, @FFE TOM
B, @EL, @Iz oORE ., OBA) THEII TV,

(#5R]

OB RD

RN g H— o FHOIFEYRRITE I 100% T, EIER 54 T e R
VBT RN —0.281 logio T SD 75 2.66 logio Th -7z,
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P ILERT i 2T VI zero inflated XS IESAG CTH o7~ FHDOIFY
FIL 78.0% L HEE ST, 1HR SN TOREBITXEIER 54 T, 5 1.91
logio CFU/Y > 7 V¢, SD 1% 1.15logio CFU/Y > 7V EHEE 7=,

QBRELEHBOTOI7AILRUNBOIE

MBGHERTO AT v 7', TR bBAOEEADGIMEE TORMITEEE <
(CEH5: 4 5f#] 17 57, SD: 1 ¥ 52 43) . 2D, HBANIELEIR THRE ST\
(F¥) 29.3 Cs TableID), FH R IEGHER R 7 >~ 7O b Eho7c (CEY
75°C ; Table II), JIEGHEE R 7 v 7 Cld, BRI A L7-itdkat 2R L7IRE
13RO TE < ) 93°CTHhH -7z, Z DR OEEIMRDOMAEHEIC LY,
HERAITIMNE TR T 107, FRET 3X 104 DEBURRENR S E 2 b
7o EITRITBEFE AL . L LT 2 L BT, T oM OEHREIZRE
£Z 35CThoTc, H&BIT, MEE, HEMORERT » FI3IEFITNT Y F
NHY, 67301059 K] 36 70 F TTH 7=, MMEEDOBRITEEHEF 7= 13m
FETRE SND Z &3, ZORBTRIGREX 1756 C, FHIREIT 32C
ThoT,

QBEANEZEICHET AL

RO REICEE T HA T, BT Tl Z V155 388G O TRENE FE 1
Sz, BIAE. 55 NOFEADHEANZ ML L BHE L TWes, 9 ADME
MENCE /R T A 7 2BEHFS U A LI Z RN ERIZE L, 36 NTT3<
2 B ADNEETZT . 5 ADERITHE S L% LTz, BER ORI TORE DR
WOREBNHL N E o T,

@Y RYFHBEETIL
BFOFRELO — A0 M O~ DIFEOHED T2 DD T — KN F=—2F
TOVHNVE RPIRIZ R 2 [ K OB TOBEE D bHfEim S,

7. HERELTOTOERETIL
HEANDFRL RS >R D60 (B, FHEE (RTE), 7ok, 2T EkO
M) RNEZLNT, FF L6 >OBPETHRR L7,

1. LK BFMETIL

BT AR I =T a b, T4% (95%CL 4-82%) DOFHHNB RS
RBZZBNWT A e u "y Z—THR I TV D EHEE S v, FEEE, 7
NOMBIGYE, H4ERIT100% T, FEIFERSREL -2 &b, =23
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—3a LB EE2%D ERITHEES e ThoTo, BATOEE (LK e
) IXFEFITANT Y R NRRE L, FEHPRT.5 logio CFU (95%CI: 6.1-8.3 logio
CFU), "H3ff31.5 logio CFU (95%CI: 0.8-1.9 logio CFU) TH»7-, H ¥
27 2 — [ TRKH TIIIEGE LR T2 0 | BRI O B THE AR & [F U &R E
L7ce ¥y F U TIEA U ERrANY Z =3 BEOHEFRPICHE L 72 b DITBIT LT

(. E2K, MEBEOTF A7), iHE L 7= BFEDIEYRI35% (95%CIL: 3—7%) .
Y $03.3.4 log10CFU/serving (95%CI: 1.6-5.4 logio CFU/serving) C& >
7=

PAERTRBEICONTIE, HE L BEFEOGYET21% (95%CIL: 15—
26%) . ‘FHIH#035.1 logio CFU/serving (95%CI: 4.4-6.1 logio CFU/serving)
ThoT,

7. YR DHE

e mANT H— &Y R OYEEIL 8.83% (95%CIL: 1.9-5.2%) & HEE
ENtc, FHOBEIR Y 2 7134 3.1% (95%CI: 1.5-5.1%) . ATt L v
<. FEH1.5%ThH-7- (95%CI: 0.70-2.9%),

PFLEXRTRE: BRFEOEEEOKYY X7 OHEEFEEIIT 16% (95%CL:
1.5-25%) T, 39 U A7 OHEEFHINE 183% (95%CI: 0.4-25%) TH - 7=, B
oy 22—t 2o AT OHMILZE DT skewed ThH o177,

F7o. HERIGET MIKREBRARHEIMED S D120, D OHEEIT R HESE
HERREV, FALERTEREICONWTH, IreEmr ¥ —LEER 50% LL
FEOBADOV A7 1TER ThoT, ¥R b, REPICTHALERXTREE 2L
EHRL T 2WnhHTHD

I NTABE

BISABGC BT D EEH I Y 2 7 RIS R RO BTz, 2 logio Hl
W (FEE%E 99%HIE) 12X BEKE 1/2 [T 2N TED LHESR
72, 5logio HTH U X7 % RICHERT DICIIAH0THD B2 bz,
BT COWENRDOET LG PEHI TV ER TEGSE L T2IEh e r
JE—BIIED VAT ZZZ L WO TTDIIEIA T+ THD Z ERRBESN
oo VAT S TR 72 FIETMBGTRIZB W T, E2K, BT KO %
BzHZ LX), WA OREETBYZRETHZ L Thh EEZ N, ME
A AN 72 AU E B S D B VY A 7 2B B TR & 7R B e KT
TTHAI, L, TOA X7 MNITFRLEIDRELL R, 2o etk
BT DI BBV TR EFYENEE 2 ZEEZ R LD B2 BN
7=
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(Z%]

HDOELIEDH a7 A=Y LERTBEOEWVEREEN S v F 1T
ANV REFREZEZTZENASDEGE L PR OENY AT I1ZD70 > T
WD ZEDRRBRI NI, BB BHEMERF O AEDOUEEICI Y X —iZ
B DD g X —RYYE & LT R T EYYE ORI AR 28 53 2 & A
TEDHLEEZILNT, BRMWRERR, o Eans Z—Lth LERTBHEIC
BT 5., EROE#HZEDDHMLENHDH, WHO @ “Five keys to safer food” D
KO THO TN A =D aIa=r—Ta Y —n
BIFE ST, BRI NICBIT 2 BB OfE, K OME A~ OFIE TOFAEE
LT H7200BEMDOY A7EHERY A7 ala=r—a Y — LERL
INHZRETH D,

K SCOFEMIZOWTIE, LN O xS,

Pouillot R, Garin B, Ravaonindrina N, Diop K, Mahery Ratsitorahina M,
Ramanantsoa D, Rocourt J:A Risk Assessment of Campylobacteriosis and
Salmonellosis Linked to Chicken Meals Prepared in Households in Dakar,
Senegal . Risk Analysis 2012 ; 32 (10) : 1798-1819

DOI: 10.1111/.1539-6924.2012.01796.x
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(iii) TR Y R 7 Gl O
[# 4 Fv]: %A REED Bloody clam HOBRE T U AD U R 7D 7~
DEERMNET VT
(Quantitative modeling for risk assessment of Vibrio
parahaemolyticus in bloody clams in southern Thailand)
[%35] : Yamamoto A, Iwahori J, Vuddhakul V, Charernjiratragul W, Vose
D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S, Mitsuaki
Nishibuchi M, Kasuga F
[ #] : International Journal of Food Microbiology 2008; 124: 70—78

(#iZ])

X A FEE T % X172 Bloody clam: 7 7 71 (Anadara granosa. 2A T [BC]
EWVNDL) BT ABRET Y ADY R T FHMENEM ST, T OFETIE, £
Bk OVNGEME, L TCZo7at 20l To BC TOREMEBRKE T 40
HYREREZHEE LT, £70. BCORBRE T U F LIREERRE T U 4%
3 5 HiEEZ A Lz, BC OHE & INBGHELORIX, HEHZ DA X =
—CHGBERICLOVRAE L, X—% - KT VY CHABMGET VEFER LT, kK
[E FDA (2L o TR INTER G ATREMDOEW/NT A — & —OHEE 715 % 15 ]
L CRIEMRZHETE L=, 25 OMEOENRE K OV EITEN T — X 1%, Rt T
NERFETLZ Ik s ToHotran, ¥ Ia2b—3 3Tk, BC ZiHE L.
IR E 7V AR 72 D DY 5.6%104/ N4 & HEE STz, BE DTS
KU, BCEHZITMEAL 7o T AR AT @b D ERERTHD Z LIVR
e Iiz, ZOMERIZR O T —Z UL L FEERWH ) (AR, KE, #1) 12X
LAY TR 2 75 EO X S ICEBERMITORLEIZ OB L0 E N ) H
il LTRSS EEZ BT,
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Fig. 1. Schematic representatio

n of the model framework for production- -consump-

tion risk assessment of V. parahaemaolyticus in bloody clams, Modeled parameters are
written in double-lined squares.

X 22 HEMNGHE

FTOYRGEMETILIL—LT—H
(Yamamoto A et al. (2008)7>5 5] H.,)

Reprinted from International Journal of Food Microbiology (2008) ; 124, Yamamoto A, Iwahori J,
Vuddhakul V, Charernjiratragul W, Vose D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S,

Mitsuaki Nishibuchi M, Kasuga F, Quantitative modeling for risk assessment of Vibrio

parahaemolyticus in bloody clams in southern Thailand. 70-78. Copyright (2023) , with permission

from Elsevier. DOI: 10.1016/j.ijfoodmicro.2008.02.021

HEEHEDA L ZE2— 5 RO BC OMBRE OSEE S 1SS (1X23),
wedh - AJk, ARl £ O BC OMBRE R A R,
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Fig. 3. Distribution of frequency of bloody clam consumption per year.

23. EfED BC DEREDB/E DM
(Yamamoto A et al. (2008)2>5 51 f.,)
Reprinted from International Journal of Food Microbiology (2008) ; 124, Yamamoto A, Iwahori J,
Vuddhakul V, Charernjiratragul W, Vose D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S,
Mitsuaki Nishibuchi M, Kasuga F, Quantitative modeling for risk assessment of Vibrio
parahaemolyticus in bloody clams in southern Thailand. 70-78. Copyright (2023) , with permission
from Elsevier. DOI: 10.1016/j.ijfoodmicro.2008.02.021
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CLF DX 24 OFEdIFacHEE BT oA S S REic s S n -
BC BIHEEOIRIFEM: Vp O (8 HAXHEHE) 2R L T\ 5,

X ==0.3 X ==3.12
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Mean = 1.504882
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Fig. 5. Distribution of pathogenic V. parahaemolyticus {Logg cells) in a simulated bloody clam meal after improper moking
24 (Fig.5. ) TS N RE oI S v7z BC BHEE O EME Vp D
%

(Yamamoto A et al.(2008)7> 55|, )

Reprinted from International Journal of Food Microbiology (2008) ; 124, Yamamoto A, Iwahori J,
Vuddhakul V, Charernjiratragul W, Vose D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S,
Mitsuaki Nishibuchi M, Kasuga F, Quantitative modeling for risk assessment of Vibrio
parahaemolyticus in bloody clams in southern Thailand. 70-78. Copyright (2023) , with permission
from Elsevier. DOI: 10.1016/j.ijfoodmicro.2008.02.021

LITF DX 25 (SR A28 2 — I, fesh MR+ 72 BE T 14ERH 1A
W72 OFRIEMER, MBI REEMEERONN— XAV EZRL TN D,

H @D FractTDH I£4 Vp H @ tdh+ik £ 7 U 4 (Vp) OFIE . FractTRH
134 Vp I25® % trh+Vp OEIA ., Load at retail Mean (/N2 TH 4L Vp D
LR Bacterial growth factor k Mean 13 Vp D S5 O - ){E , Bacterial
growth factor k Stdev |3 Vp OEFHHE OEEAERZE, Max tre X, /NED D FEIE
THET 5 £ TORM DR KME, Consumerindex |31 ¥ B a2 —%5F 7= AD
PG AEROT YU OBREHES, 1 FORFETEEST 57U Of#EEET
ML LR L= @, FracNotCooked: 7 4 U B D INEGHER 23 AR+ 4372 A D
EIA O Bootstrap selection (ZK[E FDA (2L 57— F A b7 v 7RO FHE
PRI U= % « K7 YV VHBRKIGE T VDT A —Z HEEMH 2RI L 72 b
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Fig. 6. Spider plot for sensitivity analysis. FRctTDH: fraction of edh® V. parahaemolytioes (Wp) in the total Vip; FractTRH: faction of mh+ Vpin the total Vip; Load at retail Mean: mean
concentration of total Vp at the retail stage; Load at retail Stdev: standand deviation of total Vp concentration at the retail stage; Bacterial growth factor k Mean: mean valee of the
growrth rate of Vp; Bacterial growth factor k Stdev: standard deviation of the growth rate of Vp; Max r,.; the maximum vahse for the time between retail and cooking at home;
Consumer index: selection of an individual from those who received interview to model the frequency of yeardy clam consumption and the number of clams consumed at a meal;
FracMotCooked: the fraction of individuals that undercook clam meals; Bootstrap slection : selection of parameter estimates for the beta-Poisson dose-response model according to
the likelihood of Bootstrap outcome by USFDA

25. (Fig.6) R/\A F—K (REDHT)

(Yamamoto A et al.(2008)7>55[H.,)
Reprinted from International Journal of Food Microbiology (2008) ; 124, Yamamoto A, Iwahori J,
Vuddhakul V, Charernjiratragul W, Vose D, Osaka K, Shigematsu M, Toyofuku H, Yamamoto S,
Mitsuaki Nishibuchi M, Kasuga F, Quantitative modeling for risk assessment of Vibrio
parahaemolyticus in bloody clams in southern Thailand. 70-78. Copyright (2023) , with permission

from Elsevier DOI: 10.1016/j.ijjfoodmicro.2008.02.021

(#52£]

V3alb—varETi, BCOBEIZIVGRE T U ARPERIC/ DR
DN 5.6%X104, O F VD 14 AH 10,000 A4720 6 ABFRIET D & HEE
L7,

JRESATIC L D &, X 25 (Fig.6) [T X912, IBe 7 U A0 T BC
ZARBEONCHE STV Z RN A7 IR b EELY 5 2. ZOWIZ BC O4F
MHE &SRS, MMOMERERIIY AV ICARICEE LW EREIEI T,

%ﬁkbf\:@%?W@ﬁﬂ%K%%‘i\%Twﬁ6@%ETM\K%%
1287 A—=Z DWW DR FH— AHT2 0 0.003 ZfT 5 &n
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HD DN, TN EREL D EIT VW EWVNI EDTEST,

AFFETIE, WS ONDOEKRT A Xy v TNH 5720, IBRET Y A /H
FOFRIEY A7 Zi/NaHlid 2 fREMER H 5 Z IOV TE R LTS, Fi-,
AKFHETIE, 77— RFRF=—r %@ U T BC IZBIFAMEICET AT —4 %2 LV
ZNEL, A= FOBBICERLZES, HOIHE, RE, B L OB E ¥
— BT AITEO XV FER T — X HINET HLEEICE R LTS,

116



(iv) EEAY R 7 FHl O EFH@
[% A4 Fv]: —RAEEERFSICK T 2WAB T O o Ern "y 2 —nar o
— VBT DI MO ERH LI E 2 —
(Update and review of control for Campylobacter in broiler at
primary production)
[Sh ] - BN in 22 2B (EFSA)
[tH8k] : EFSA Journal. 2020. 18(4): 6090

(%]

EFSA 7% 2020 /£ 3 A 18 HIZAR LB FERE [—RAEFEIZRIT 2HHHE
DI RNy Z Ik HEEA T = /@E%ﬁ&@“l/t“:~ (LEL)] T
1L, 2011 FoA - vuny 22— 2T 5 EFSA OERZE (EFSA:Scientific
Opinion on Campylobacter in broiler meat production:control options and
performance objectives and/or targets at different stages of the food chain.
EFSA Journal 2011; 9(4): 2105) 22\ T, K VL OFRFEHT —X 2R L
THHT LT,

@m%@@mﬁﬁ¢5EUT@A@ﬁyEmﬂﬁ&—ﬁ%r@Wﬂ)zﬁ@
B BRED T e r Ny B —DIHRERE D I ADTZDIT, B TOEHO
7T a OB EEHOFSEES (NOFEHEE Populatlon Attributable
Fractions (PAF) 15) ZHWTHEE L7, £/, EEFOI oy &2 —iE
EEERTEELNADZOOET V7T a—F R EHSi, S HICRF
BRO L B o= Thhde, FEBERIZBITS 6 >DOEH (2 hr—L) 7

> (LLF TCOJ Ev),) & LT, OfAENRETE, QF ~lEEH, @OFE
ORI OB, OQFOKDFKE, OUEER DRI, ©F v 778 LEUKERIZD
WTRHA SN PAF #TIC L5 &, Ziun 6 2D CO DENENZEBIZERH
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EFSA: Update and review of control options for Campylobacterin broilers at primary production
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Vaccinationqd =

Feed and water additivesq{ =

Discontinued thinning - — I

Employing few and well-trained staff 4

Option

Avoiding drinkers that allow standing waterq ——

Addition of disinfectants to drinking waterq4 —— I

Hygienic ante-room at broiler house entranceq ——

Designated tools per broiler houseq = —

0 20 40 60 80
Relative risk reduction (%)

Figure 6: Results of step 2 of the ranking and uncertainty analysis. The horizontal axis is the relative
risk reduction for each control option, assessed by expert judgement and expressed as %
relative risk reduction in EU campylobacteriosis cases if the control option was implemented
by all EU broller producers. For each control option, the horizontal line shows the 95%
probability interval for the estimated risk reduction (P2.5 and P97.5), the box shows the
interquartile range (P25 and P75) and the vertical line shows the median (P50). The control
options are ordered by the medians, but this should not be interpreted as a ranking due to
the large degree of overlap bebween options
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K14, ETILINSA—4

Table A.1: The model parameter values for the models used are given below. For details, see
Teunis et al. (2018)

Fint Pitins
a B r 1 Constant
Classic model 0.145 7.59 0.33
Median Challenge model 0.44 0.51 0.06 D.88
Median Outbreak model 0.38 0.51 0.76 0.0092

For this opinion, the default choice for the DR model remains the 'classic model, for best
comparison with the 2011 opinion. In the uncertainty analysis, a random choice is made between the

Campy DRs

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000

Fxact dose (cfu)

Classic e Cuthreak

= Challenge

29. Teunis 5 (2018) MMRIEL - REAERICHIRETILICERALL
EETIDEKRH NS A —2 RURAERIGHER
SR - FEAEMESS, fEwh - 1 < B
7% : ‘median challenge model (F¥ L > VET/LDOHIE) . HiH : classic model (7 7
TANIRET V) H4  median outbreak model (77U kT LA ZET LD HFHAE)
(F 14 KO 29. EFSA (2020) 2>551H,)

EFSA: Update and review of control options for Campylobacter in broilers at primary production
"(2020). EFSA Journal 2020; 18(4):6090, 89 pp. https://doi.org/10.2903/j.efsa.2020.6090

Open access article under the terms of the Creative Commons (CC-BY-ND 4.0) license
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[Z A V] RO e r Ry B2 — G T D RGO M T T A
D7 —RF == DEIRDH AT —TITBIT D0 A E O ED
A

(State of Knowledge Relating to the Contamination of Broilers
with Campylobacter and Assessment of the Impact of
Interventions at Different Stages of the Food Chain in
France )

[EMt&E] - 7 7 v AR MERE @42 2T (ANSES: Agence nationale
de s écurité sanitaire de 'alimentation, de ’environnement et
du travail)

[H#] : Collective Expert Appraisal Report; Anses: Fougéres, France,

2018:1-81
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127



DERET NV ZMAPAN T, EREY 27 5l 2 Fht L7z,

(UREHEETIL)
B & R (T v B) RO ERICDOHE 513 CARMA £ 7 /L% vy,
BT ICTRBRTORE &, HEEIZE D TRHEOEY 2 — L BINE T,

1 - No model Farm
- v waldmg
[ ] efeaihering
Processing i BV iRsETaln
ashig
beTling
2 - CARMA model |
breasi cap
Cytiing = deuble filer
fllet

3 - New modules added to CARMA

model e

4 - New modules added to CARMA
madel {Poisson af al. 2015)

L

Consmmer
preparation

L

Ingesiion ¢
ey pesspaoriss

5 — CARMA model

152

Figure 10 : Modelling strategy of this WG
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ANSES: State of Knowledge Relating to the Contamination of Broilers with Campylobacter and

Assessment of the Impact of Interventions at Different Stages of the Food Chain in France (2018)
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Table 6: Examples of potential interventions to achieve expected effect
ﬁ::g:lll' the Scenaric | Parameter Effect of intervention Potential intervention
Indoor flock only :
A1 Breval =10% (70-10 = 60% +  Fly screen or
s revalEnce prevalence interflocks) +  Stop thinning or
# Slaughter age
. -30% (T0-30 = 40% Indoor flock only :
Prnurglj:{mn Al Prevalsnce pravalence interflocks) +  Fly screen
P AZ Concentration | - 0.5 lag + accination or
Al Concentration | - 1log « Phage application of
- + chemical and biclogical
Ad Concentration | - 1,5 log substances addad to fead
AL Concentration | - 2,5 log or drinking water
QOptimizing the main parameters
- {temperature, duration, air velocity)
Slaughter B4 Chilling -1log but very dependent of the initial
Campyiobacter contamination

(ANSES (2018) 7 58(/H,)

ANSES: State of Knowledge Relating to the Contamination of Broilers with Campylobacter and

Assessment of the Impact of Interventions at Different Stages of the Food Chain in France (2018)
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ITZNEI 14%, 43%IKT 5 Z L HEE ST, BIBEFRORE % 0.5,1,1.5
KLN25log K TFT 52 mTENE, UARZIZENZEN, 46, 71, 85, 93 %
RIS 5 Z L HEE ST, BRI OIGYEEEZ 70%) 5 60%IC T, £7-E5
EfOREZE 0.5 log FIF BRI, U AZI1X53% K235 EHEE Iz,

% 16.

Table 7: Effect of interventions at the farm

RETONAIZEL D) RV IERBSER

Phase Scenario Variable Reduction Nr cases Risk reduction (%)

Baselina 272030

Ala Pravalence intefflocks [From 70 to 607% 233 040 14

Alb Prevalence interflocks. |From 70 to 40% 155 960 43

A2 Concantration (.5 decimal reduction 148 560 46
Primary Ad Conceniration 1 decimal reducton {7 800 i1
production  |Ad Conceniration 1.5 decimal reductions 41 760 &5

AS Concantration 2 5 decimal reductions 18 T80 a3

Prevalence interflocks |From 70 to 60%
e concantration 05DR 126570 53

ML TOMANCE D U AZ RN REHI VT ) AITE U T

Do

U 27 O A 7~ LT

(ANSES (2018) 7 58(/H.,)

ANSES: State of Knowledge Relating to the Contamination of Broilers with Campylobacter and
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3. BENEERWEERE TONAIZES Y RVIEFEHNE
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GE . BN TR COBNEY ORI E 10%E0. Pl H RO BNEY
DOIFNZE 10%EH,., NS0T U ABEMTIE, VAZ1E3%~4% LT
MBIRNTZ ERHEE SNz, TDO—J, WAITHET Llog iz FiIF 5 Z &M
TEUE, VAT 76% Fd5 2 &R HEE Sz, B TR TOBNEY O
vz 10%IK38, PR HREOIBNAEY ORIV E 10%E3 D@ HEI T Tl
& 1log FIF DU, U A7 13 T8%IRJK S 41D & HEE S 47z, (3 17(Table
8)

THE A B

TANTOMBEE VMBS R 2 WU 2 2 & T 85% D U A7 K, F
DY & IR R OWEH 2L G DD 2 & T, 87T%D U A7 RHNHEE S
iz, (% 18 (Table 9)

& 17 (Table 8) BRRUEEETONAICELS Y XV EBMHE
7.5.2 Interventions at the slaughtering stage

Table 8: Effect of the interventions at the slaughter stage

Phase Scenario Operation Reduction Nr cases Risk reduction (%)
Baseline 272 930
B1 Scalding 1 decimal reduction 264 560 3
B2 Plucking/defeathering [Probability of leakage reduced by 10%| 261 470 4
B3 Evisceration Probability of leakage reduced by 10%] 264 520 3
Slaughter  |B4 Chilling 1 decimal reduction 66 570 76
Plucking / defeathering |Probability of leakage reduced by 10%
BS Evisceration Probability of leakage reduced by 10%| 60 030 78
Chilling 1 decimal reduction

At this, stage, only the intervention at chilling results in a risk reduction of 76%. The other interventions
tested show a risk reduction lower than 5%.

(ANSES (2018) 75 3[H.)

ANSES: State of Knowledge Relating to the Contamination of Broilers with Campylobacter and

Assessment of the Impact of Interventions at Different Stages of the Food Chain in France (2018)
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& 18 (Table 9) HEERBETONAIZL SRV IERZE
7.5.3 Interventions at the consumer stage

Table 9: Effect of interventions at the consumer stage

Phase Scenario Operation Compliance Nr cases Risk reduction (%)
Baseline 272 930
Cla Hand washing 100% 270 260 1
Consumer [C1b Cleaning of utensils 100% 40 080 85
Cc2 Cla+C1b 35 670 87

The prevention of cross-contamination through the cleaning of the utensils (knife, board, fork, plate) appears
to be by far more effective than the washing of hands.

(ANSES (2018) 725 5[H.)
ANSES: State of Knowledge Relating to the Contamination of Broilers with Campylobacter and

Assessment of the Impact of Interventions at Different Stages of the Food Chain in France (2018)
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(vi) EEAY R 7 7L FEE©

[Z 4 F]: R TONALZTET 272D ORAFHED T Ny F—
DERIAED Y 2 7 FHiE T v
(A quantitative microbial risk assessment model of
Campylobacter in broiler chickens: Evaluating processing
interventions.)

[%35] : Dogan OB, Clarke J, Mattos F, Wang B (University of Nebraska-

Lincoln, U.S.A.)
[HH8] : Food Control 2019; 100: 97-110

(#iZ])

Fena Ny Z—CBET A NREAE Y A7 AT S 7201, ERmN. RE
WS EERMAED Y A7 FHE 7 AT S, BT VIZRAHRO
BN A COREOME S AT LE A ANA—LTEEDTHY . ZOWHRED
HHENTHBA DOHE & ZUBEET DHEREOR 2 ZRET 2720, BB,
2B DN ABEOGIMEEFHET 52 & Thote, N—AT A ETILIE, —
E 7R PEEEATICHR S X, ET VOB EMRAED T2 D F/NEDOIT AT L - T
R I iz,

ETNOERBEBEMRANRTGA—FEZREL, 7— RKF=z— VIR~ EHE
IREBRA N ERFET DT DI BE TN FE S o, WHBO N B r A
7B —IERBIOMHEEDO D o a Ry X —EPIED Y A7 KT 5720,
RIS 2 H AT RE 2R AR E OB INEIZ DWW T, v U A& vt
L7, k&g U 2 7 HEEMEIL, R 10 T AHTZD OB v ea Ny 2 —pki
FEDFEFI & U TRR S, ITAFEOAMEIL, X—RAF 4 LB L, ST A
BENEINTZGAEO N eu T 2 —BIE Y A7 OFXENE L THERS
Nz, TNV TIE, XR—AT A & LT, 4 100,000 AH47=0 274 7F (95%
CI: 0-561 1) DIEFIOBAENHEE S, HEEORMLLEIZET HEITE
BISWEY COEEIT, RABOEEZREET o Ea s 2 —~niE<
B OTToODORNB LR DR BEERERODO 1 D Thoto, U AH5HO
FER T, LA (R F 72 IAY) 28U A7 HEEME 2 RIEICHIE © &
D2 ENTRBEI NI, ZOET NI, BITEO RSB OET F 72 13RI ARE
DEMIZE B2 VAT DOEIZONT, VAIXRXR—Z2DEEREEZITHI U A
JEHEDOZDDO T L— AU —7 BT 5 Z LR ST,
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Fig. 1. Conceptual model for the quantitative microbial risk assessment model
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Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative
microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing
interventions. 97—110. Copyright (2023) , with permission from Elsevier

DOI: 10.1016/;.foodcont.2019.01.003
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DODR—ZXSAVETI

BEAHEIZEBT 2 M TEY 2 — /L CIEEARM BB X, BT, AR L
OB, I A2 L OB, NINEE, KON 72 LOKm ) HRERL LT,
ZOFRMET, A0 10 TAL Y OERD v Er T X —RYYEBEEIT 274 A
(95% CI: 0 — 561 A) &L HEE S,

B ISAPETHERE TR DM DIEYED S IR EIE TIZEED 41ogio D (B X2
6 to 2 logio CFU/carcass ) &. @B HFIZIEIT 1 logio OVEGEENHEE
ST, REEOBERNEREOZ(ETHBLE I, BELHEEY 2 — L TR L%
45% D5 26% I TIN5 L HEE STz,

LIFOX 321X, ARABOMKETF =— 28U TOH B r g X —Dih R
L (logy, CFU/unit) DZALAZ TR L TW5, MITFELME, IKEOHEEIL, 53
—B AN LB N EANDA L F =NV B FRT,

Prevalence and Goncantration Changes
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Fig. 3. Changes in prevalence and concentration {log g CFU /i) of Compylobactsr thmoughowut the braller chicken supply chain. Lines represent the point estimate
{memn) and shaded aress represent the interval betwesn St and 95 percentiles. "Concentration for onoldng 15 not displayed barames the valneis very small and oot
of the sale of this plot. Prevalence of aooldng is @lonlaied from the estimated concentration. distribution for a mndom cooled bnodler chicken serving, rather than

using an input distribution from the mets-analysis.

X 32 (Figure 3) . RAEOHEF—rFBELTOAEQANI Z—DiFE
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(Doganetal. (2019) 72>55(/,)
Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative
microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing
interventions. 97—110. Copyright (2023) , with permission from Elsevier
DOI: 10.1016/j.foodcont.2019.01.003

QRRE DT

IMEGHBEOIRE NSV A7 2 FIF AR T, §XTOHEE I NDLRHAEN
B ENTIMNEL S 7L TV ILULIE(Teook>89.7°C), 1 D A 10 T ANY 7= 0 D EEEK
1% 0.12 NIZETHA L, W T X TORABRDPINEA 53 (Teook<45.2°C) DY;
&, THEMOAND 10 T ANY720 OBFHIT 8437 NTE THMNT % LHEE S
776

B HAVBR AT K R E ¥ =2 — L DR E ST CEE /2N T A — X [Tk D
Y DZE{L(ORtrans), IR\ THEEH OIREE(CID), BITHE (rwlp), FHEM DHY
K (Pflock) M OMgikH o E OV (LCtrans) THh o 7-, DOEY 2 —/L & g
LT, B R OMIET Y 2 — VIR U A 7 1B D 70, B ISR~
DL TV YR E LG RBOM T % LR X570, Wk HoORHEOE#

(broiler welfare) DKFEIZEZ T RETHDH EEX LNz, (X33 &)

LAFDIK 33127 d Fvx— RF v — b & W T OfE R, fiedhix Y
A7 AR T S DR
* Teook : Cooking temperature, (Ecosure, 2008)
* LCevis : Concentration change during evisceration
* LCqcala : Concentration change during scalding
* LCpick : Concentration change during picking
* ORvetrg : Prevalence change during refrigerated storage
* ORtrans Change in prevalence due to transport
+ Cf1 Concentration in feces
* teook : Cooking time
* ORevis : Prevalence change during evisceration
+ rwfp Transmission rate
+ Pflock Between-flock prevalence
* tfreeze : Frozen storage time (retail + consumer)
* ORfreeze : Prevalence change during frozen storage
+ LCtrans Change in concentration due to transport
* Viilute : Volume of fluid assumed to dilute loosely
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33 FHEBRERICENT, REN/KRESVEHRZHALGNCZT S
PLR—FFry— b ZRAVEBRESTOKR
(Dogan et al. (2019) 2>551H,)

Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative

microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing

interventions. 97—110. Copyright (2023) , with permission from Elsevier

DOI: 10.1016/j.foodcont.2019.01.003
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7 —mEIF ORKEA] (cetylpyridinium chloride (CPC), acidified sodium
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Table 7
Analysis of single intervention scenarios,

Ecenario Mean Risk 95% CI Intervention
Eatimate Efficacy (%)
Basdine T4.2170 0" 5616843
L Soft scalding 5020806 1185666 BE7 3946 Mot effective”
2 Scalding with 34.1030 i TH.BRED B7.56
additives
3. Picking with L0413 0° 3.0667 o062
cloacal plugging
4. Air chilling 635.9007 135.8658 11359360 Not effective”
5. Immersion 1444057 i 3267208 47.34
chilling with
chlarine
6. Spray wash 2RR.3403 i SRE21TS Naot effective”
7. MAP subgroup - 1717150 0" 4712256 37.38
Air
8. MAP subgroup — 7241413 1673816 12809010 Not effiective”
COa0a N
9, MAP subgroup — 167.6932 0° 4586016 38.B5
100 Oy
10, MAP subgmoup - L7194 0° 4.8781 99,37
100 COy
11. MAP subgmoup - 18565260 1002.0800 27109710 Mot effective®
Vacuum
12, Processing aids — Spray — CPC
Post-evisceration 000140 0° 00021 100.00"
Pogt-chilling 0.0005 0" 00012 100,00
13, Processing aids — Spray — ASC
Post-evisceration 01382 Q- 0.3068 9095
Pogt-chilling 100244 i 238147 06,34
14, Processing aids - Spray — TSP
Post-evisceration 31.0066 i 90.1887 BR.69
Post-chilling 91,7926 [ 2605013 6653
15. Processing aids - Spray — PAA
Post-evisceration 07757 0" 2.1455 o722
Post-chilling 0.7361 i 2, 1049 73
16. Processing aids - Immersion — ASC
Posg-picking 0.000a - 0.0020 100,00
Post-evisceration 00017 0.0000 00034 100,00
Post-chilling 0.0869 0" 0.2548 99,97
17. Processing aids - Immersion — TSP
Post-picking 1.3844 0° 3.4133 o950
Post-evisceration 19.9036 1L.0968 38.7103 9274
Post-chilling 241.3876 i 521.0552 11.97
18. Processing aids - Immersion - PA&
Pos-picking 01707 0" 0.4882 00,04
Post-evisceration 344327 i 1018219 B7.44
Poa-chilling 0.7361 0° 21049 973
19, Rapid Cooling - 1551844 0" 4335357 43,41

My immerdon
20. Rapid Coaoling — Spray
Pre-chilling 216.2317 0" 5316919 2115
Post-chilling 1746423 0" 4766162 3631

a Scenarios described as “not effective” increase the mean risk estimate,
therefore having negative values.

b Rounded values.
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¢ Due to @Risk's way of calculating confidence intervals with Latin
Hypercube sampling, lower bound values for some of the scenarios were
observed

below zero. These values are truncated at 0 for the lower bound.

(Dogan et al. (2019) 2>551H,)
Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative
microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing
interventions. 97—110. Copyright (2023) , with permission from Elsevier
DOI: 10.1016/j.foodcont.2019.01.003

-AEEOS AREICET LT U A

%< DINFEII AL DEIE CPC A7 L—, PAA 27 L —, ASC &7~
X PAA RHEIC X » TR STz,

Soft scalding + air chilling 721F TIZZ R TIT72 <, U A7 XM %,
LIFDF 20 1%, i Ta) Z2FHF T DEPTIE. BEZ2 LD -EREZ L
T 5, [Not effectiveb] DF/RIT U A 7 HEITHENED HiL7e Wb D &ERT,
@Risk V7 b =7 OFBRICEAEEXMO TRN~ A F Rl GE1%
[Oc) & LTERRSNTWD,

£20. 2 DMEEDONAEEICET ST AR

‘Table 8
Analysis of mulriphe intervention somarion

S omaris bSean Rk Fxviirmale 058 1 Tmarvation EMicscy )
1. Soh scabding « {PCspray O.O00S i (0 B B, o

4 Foft scalding + ASC spoy L8y =] L] 1. 4847 SaThH

3. Soft scalding & TSP sy . T 0 H0E01E E4.70

4. Soft sealding » PAA spewy IBaES o B.IE05 SEDE

. Snlt soaldeng & ASL Imimermon LHH S L [| L]/l LLLiR by

. Soft scalding & TSP immemion 0. R L] 155 6063 E4.A0

7. Golscalding + PAA immrsion Lt ] o LIAE F0E

8. Alr ghilling + CPC spray D000z o L0006 B,

@, &ir chilling + ASC spray 4. 265T i 105524 SE4s

1. Air chilling + TSP spray 1565075 o 455 IRQT 4181

V1. Mir chilling + P&& spray .59 L 1168438 E558

13 dar chilling & AST immerwion woolT ] OEER B0, "

13, A chilling + TSP ismesdon 4 9200 126 0 27 BOLBOT3 N effenive®
I4. far chilling + PAS Imimersion QL550E L LZ9%63 3.80

15 Soft scalding & Air chilisg TITALSG 236 9543 L7750 Mok wifective®
16. Soft seabfing + Alr chilling + CPC spmy D.000E o o006 B0,

17. 5oft sesdding + Alr chilling + ASC spray 161522 L M0 S4.10

L8, Solt scalding + Air chilisg + TEP spray 1695526 L] £TILTETT 06

19. Soft seadding = Alr chilling + PAA cprey 107 2004 o 3154751 S001

2. 50ft seplding + Alr chiling + ASC immersion 01714 0 05062 Fa.94

21, Solt wealding & Abr chilesg & TP mmanmen IR1L4E10 o EITIaT EXAD

11 5ot seabiing + Alr chiliag + PAA immersion 18,4080 i 415100 D520

a Rounded values.
b Scenarios described as “not effective” increase the mean risk estimate, therefore having

negative values.
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¢ Due to @Risk's way of calculating confidence intervals with Latin Hypercube sampling,
lower bound values for some of the scenarios were observed below zero.
These values are truncated at O for the lower bound.

(Doganetal. (2019) 72>55(/,)
Reprinted from Food Control (2019);100, Dogan OB, Clarke J, Mattos F, Wang B, A quantitative
microbial risk assessment model of Campylobacter in broiler chickens: Evaluating processing
interventions. 97—110. Copyright (2023) , with permission from Elsevier
DOI: 10.1016/j.foodcont.2019.01.003
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(vii) EEH Y R 7 FHHEHF D

[Z A4 Fv]  ADHRAOTARNFIZI T 527G GUEE LT ADh o en
NG B—EYE « A — A N T U TIZEBT DI AD TV AT
EHA RTH700EENY R 7 5o
(Human campylobacteriosis related to cross-contamination
during handling of raw chicken meat: Application of
quantitative risk assessment to guide intervention scenarios
analysis in the Australian context)

[Z53] : Habib I, Coles J, Fallows M, Goodchild S

[ #] : International Journal of Food Microbiology 2020; 332(2):108775

(2]

ZOWFEIE. ADOBROBMY BNCBIT LI ey Z—IZBT 50 27
PTG & BRI 2 SR T DT O D E BN N— AT A T —F AT HHBY
TiThbhi,

AOHBARELT (n=315) 1%, FHA—AFZ7 U7 (WA) OKREH/ S—RIZH D
INGEAR—/R—=v—y b D 1AM (2016 4E02 5 2017 ) IZHEA S L7z, W
EOARY X —BET TRTOY TV THEBERIIEIC L - TRIES N,
P TND 58.7% (185/315) Tld, ARUERIRITIEITAE » T, HER IR L ALA
BOETHEEE LI L TRAENMTONT,

EHBRHIEEAFEAT L, 7o 23.8% (75/315) o vnss X
—EIR SN, HERE (~1g) 2EALESGE. Y7o 53.7%

(100/186) A vu Ny Z—GlE o7, hoena s 2 —0E#RT, BA
#0853 EARD 76.2%73<1 logio = v =—JEAHNL (CFU) /g THHRS N, F T
D 18.7%713>2 logioCFU/ g THRINTWH Z L EZH BN o7z, BBk L
72 315 DFRAY T NDE T e n R X2 —FEE 1.82 logio CFU / g (+4E
HeffZ= (SD) 2.26logio CFU/g) Th o7z, KEDITFTH RO OEHEE
WiElc L s Eany Z—pEEOFHREMEIL, REFHWRBEELY F
BlzEm o7z (v X[OR] 4.4; p <0.0001), B v a7 X —DikEiiiF
PIAICBEE L T2 (1.94 logio CFU / g [+SD2.26log1o CFU /g ), L ERE &
FEAUMTHE% & O OMEAAERIZESNT, ZreEmr A7 2 —HZn2n
DERBREEBD B o7, CY%HMA HIKIX, Habib 50 2019 FEOFT T,
Habib I, Coles J, Fallows M, Goodchild S: A baseline quantitative survey of
Campylobacter spp. on retail chichken portions and carcasses in metropolitan
Perth, Western Australia. Foodborne Pathogens and Disease 2019; 16(3): 180-
186)

141



(ET /L7 7R—F)
ZDEFTIVTIIRZENGYIZ LD 0 v B a Ny 2 —YLiE DFIE 2 FE LTV
%o X 34 DX HIZ WA TOIHY S NT=FRAN 2 7o TH 7 X IR ZHYL S
IVTWATIRZIAE Lz, BARRIZIZ, BREBRO T v ew 7 & —H iUl 7
I XIS F a7 U ~REFRINDSV— N TOFEREFHEICHW,
BOEHZIE WEQURN 15 7 X MR | )b 1 v B m N T 2 — R GYE % F8E
THIV R EHE LT,

Fig. 1. The conceptual framework of the QMEA model of Campilobaceer spp. related to cross-
contamunation durng handling of fresh chicken meat
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4. EEBERAOIIRVORBIOREFEIZERS AMRA ETIL
(Habib et al. (2020) »>55]H,)
Reprinted from International Journal of Food Microbiology (2020); 332(2), Habib I, Coles J, Fallows

M, Goodchild S, Human campylobacteriosis related to cross-contamination during handling of raw

142



chicken meat: Application of quantitative risk assessment to guide intervention scenarios analysis in
the Australian context:108775

Copyright (2023) , with permission from Elsevier

DOI: 10.1016/j.1jfoodmicro.2020.108775

FRERPIZIBNT, AOHBRANORZEFRINTH Ry I X ZBETH 2 &
WZEkD v n "y 2 —OYYRIEMRERE TR 5720, E&N U X7 5/

(QMRA) % e L7,

FHIET VIZIE, A=A T U T EE CTHRIETHE S5 R & (R KON 4y
WHRO D o Ea Ry 2 —E&T —4% (201617 FF12, X—ATHNO/NEIEN D
WA L7z 815 Witk (J5Y«ER1X 53.7%)) A L7c, FEMBDO T A—F L L
T EDHBRNOY Z X ~OREFYR T XD er g Z—DiFY L~
IV & BT T IS AIA AT,
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Fig. 2. Predicted [A] concentration (logio CFU) of Campylobacterin a serving of cross-contaminated salad after handling of fresh

chicken meat (C o); and, [B] prevalence of contaminated salad servings (P
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35. B (B) : REFBELIE-YSHADHAICLDFRLES  fHiteh - FEER
(%), 1&8 : HICK D5 ER
(Habib et al.  (2020) 7>55]H.,)
Reprinted from International Journal of Food Microbiology (2020); 332(2), Habib I, Coles J, Fallows
M, Goodchild S, Human campylobacteriosis related to cross-contamination during handling of raw
chicken meat: Application of quantitative risk assessment to guide intervention scenarios analysis in

the Australian context:108775
Copyright (2023) , with permission from Elsevier
DOI: 10.1016/;.ijfoodmicro.2020.108775

TSNV T X 1 Y=V DOD o u s X —J5YSEEEE Y 2.76 logio
CFU/H—vt > 7 (SD=1.50 logio) . V7 ¥ OXYEEIEIGIE 22.4% Th 5 L HE
EShT,

Fig. 3. Cumulative ascending distribution for the log probabihity of illness predicted for Campylobacrer
consumed in a serving of cross-contamunated salad after handling of fresh chicken meat
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e009a42a0198f486¢81e41365c¢8de6fb17fc2c2d16be0454d47f06a5788

Australian government, National health and medical research
Council, Natural resource management ministerial council:
Australian drinking water guidelines 6, 2011. Version 3.4 Updated
October 2017
https://a.msip.securewg.jp/docview/viewer/docND451BEE961108bc59
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