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WG3

= Interventions at abattoir level to control microbiological hazards are an essential part of meat
safety assurance systems
= Interventions:

= GHP-based (pre-requisites at the pre-slaughter stage (e.g. lairage holding time and hide
cleanliness assessment) and during slaughter and carcass dressing (e.g. bunging, rodding,
hide removal methods, knife trimming, carcass washing, chilling);

= Hazard-based - established efficacy on cattle hides and carcass meat surface (range of
different interventions aimed at microbial removal, immobilisation and/or killing: hot water
washing, steam pasteurisation, organic acid washes, other chemical washes)

= Priority hazards for control in beef: Salmonella and STEC

= Indicator microorganisms for process hygiene assessment: aerobic colony count (ACC),
Enterobacteriaceae count (EBC), generic E. coli count (ECC)
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= 3.1 Assessment of effectiveness of new tools | methods

for detection of carcass contamination Years
= 3.2 Assessment of the significant intervention strategies and L&
alternative methods for the slaughtering | the carcass dressing —
= 3.3 Assessment of the performance of food safety management
systems | Years
L L. : 3&4
= 3.4 HEI in risk categorisation of abattoirs
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* The task is finished
" Literature searched 1996-2020 (25 years)

= Systematic review and meta-analysis
performed

" Work spanned 2019-2021
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= Systematic review:

PICO framework,

From lairage to chilled carcasses

Scopus, CAB Direct, Agricola and PubMed (1996-2020)
All stages, two reviewers, third to resolve discrepancies

Risk of bias performed to determine which studies are
suitable for meta-analysis

= Meta-analysis:

Data stratified by study design/conditions, intervention
(sub)category, outcomes and measures (prevalence,
concentration: mean log CFU)

Meta-analysis performed when an intervention group had
three or more trials with a low risk of bias

A mixed-effects model was used to create pooled
summary statistics and then presented as Forest plots.

= Tests for heterogeneity of study groups were performed.
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Relevance
screening

Citations screened: 15299

Excluded (not relevant): 14703

Relevance confirmation

I I Data extraction

I Data analysis

Articles characterised: 596

Relevant articles reporting on beef
interventions: 316

|

Excluded (not relevant): 280

No extractable data: 68

No intervention measured: 66
Measure irrelevant outcome: 52
Measure irrelevant population/sample: 51
Risk assessments/modelling: 19
Not retrievable: 2

Systematic reviews: 5

In vitro study: 5

Duplicate data: 6

Other language: 6

Abattoir (pre-slaughter, and
slaughter)

Relevant for RoB: 266

J

Low risk-of-bias assessment: 113

H

Excluded: Unclear RoB 93, High RoB: 60

Data extraction for MA: 68
Controlled trials; Before-and-after
trials; Challenge trials; Observational
studies

Excluded (no extractable data): 52
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= 266 relevant studies on beef
interventions at pre-slaughter

and slaughter stage

= Low RoB 113

= Only 68 with extractable data

useful for meta-analysis
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Article characteristic

Study design

Challenge trial

Before-and-after trial

Controlled trial

Observational study

Study conditions

Laboratory conditions

Commercial abattoir conditions
Research/pilot plant

Intervention category/subcategory
Lairage interventions and hide cleanliness
Cattle hide interventions

Standard processing procedures/GHP
Carcass pre-chill interventions
Chilling and spray chilling

Multiple interventions

Outcomes investigated

Aerobic colony count
Enterobacteriaceae

Generic E. coli

Pathogenic E. coli

Salmonella

No of articles out
of 266 (%)

143 (54%)
87 (33%)
36 (13%)
18 (7%)

124 (47%)
115 (43%)
39 (15%)

24 (9%)
34 (13%)
23 (9%)
92 (35%)
38 (14%)
20 (8%)

138 (52%)
47 (%)
99 (37%)
143 (54%)
111 (42%)



WG3

113 (43%) papers low risk of bias; 93 (35%) unclear, 60 (22%) high RoB

Three or more trials — forest plots (FP) generated:
= 102 with meta-analysis summary effects; 36 no summary effects (e.g. <3 trials)

= pooled summary effects (‘the diamond’) represents the point estimate and confidence intervals of all the
studies combined using the random effects model.

= These were either pooled risk ratios (RR), for prevalence outcomes, or pooled log mean difference, for
concentration outcomes

Test for heterogeneity:
= homogenous (p>0.05 on the test for heterogeneity): 33 FP
= moderately (p<0.05, I2<=60%), and highly heterogeneous (p<0.05, I2>60%): 69 FP

Bias arising from the randomization process

- M eta -anad Iys IS g ra d €. Bias due lo deviations from intended interventions
. - s Bias due t issi it data

. Significant positive effect ©) L

Bias in selection of the reported result

= No effeCt + Overall risk of bias

= Significantly homogenous studies *
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WG3

= Lairage interventions = Beef carcass interventions

= Lairage cleaning * SPP&GHP: | |
- Cattle handling in lairage = knives sanitation; hide removal; bung bagging

= Pre-chill carcass treatments:

» Hide cleanliness assessment = Water wash
= Pre-slaughter cattle hide = Knife trimming
interventions (washing, = Hot water wash

clipping, bacteriophage spray) = Steam pasteurisation
= Steam vacuuming

= Lactic acid wash

= Qther organic acids wash

Other chemicals

= Cattle hide interventions
= Water wash

= Chemical wash (organic acids, = Chilling
chlorine, sanitiser) = Dry chilling
= Chemical dehairing, thermal = Dry aging
= Shellac hide coating = Water spray chilling

= Spray chilling with chemicals
= Multiple interventions

»@‘ RIBMINS = Pasteurisation and acid washes




WG3

= This presentation will cover only meta-analysis results for beef carcass interventions effects on:

= Generic E. coli counts and prevalence (predominantly from commercial abattoir (controlled
and before-and after) trials; and

= Pathogenic E. coli (STEC 0157 and non-0157 serotypes), predominantly from laboratory
(challenge) trials

= 58 papers on E. coli for meta-analysis:

= 27 studies under commercial abattoir conditions; 11 research pilot plants; 21 laboratory
conditions

= 3 controlled trials; 27 before-and-after trials; 32 challenge trials
= 39 studies on pre-chill carcass interventions; 19 carcass chilling; 5 multiple interventions
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A comparison of meta-analyses
of cattle hide and beef carcass
processing interventions on
generic E.coli counts (pooled
log change) on beef carcasses
under commercial abattoir
conditions

=

Log change

Green: Homogenous trials
Red: Heterogeneous trials

Numbers in bar chart:
Top number = Number of studies,
Bottom number = Number of trials

Hide cleanliness assessment
Lactic acid wash
Dry chill following multiple interventions
Hot water wash
Steam pasteurisation
Steam vacuuming
Acid wash

11

Multiple pasteurisation and acid interventions
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+ A comparison of meta-analyses
of beef carcass processing

15 T interventions on generic E.coli
prevalence (pooled risk ratios)
e _ on beef carcasses under
§ Increase in pathogen prevalence - - A
% 1.0 ; commercial abattoir conditions
[ Decrease in pathogen prevalence 1. 5.
5
4
g
8
o . . T - Green: Homogenous trials
y 12 8 -+ Red: Heterogeneous trials
I i 1£ )
0.0 = . Numbers in bar chart:

Top number = Number of studies,
Bottom number = Number of trials

Hot water wash

Pasteurisation and acid wash
Lactic acid wash
Dry chill following multiple interventions
Steam pasteurisation
Water spray chilling
Water wash
Water wash and lactic acid spray

12

Multiple pasteurisation and acid interventions
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Log change

Green: Homogenous trials
Red: Heterogeneous trials

A comparison of meta-analyses
of beef carcass processing
- 12 interventions on pathogenic
" E. coli counts (pooled log
° change) on beef meat under
laboratory conditions

Numbers in bar chart:
Top number = Number of studies,
Bottom number = Number of trials

=
@
©
=
=
@
o
o
=
=
o
I

Dry aging up to 14 d
Spray chilling with chemicals
Dry chilling up to 72 h
Water spray chilling
Dry chilling up to 48 h
Water wash
Dry chilling up to 24 h
Lactic acid wash
Water spray vs dry chill

13

Dry chill following chemical washes
Spray chilling with chemicals vs water
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Study Intervention Description Risk Ratio RR 95%-Cl Weight

Gill & Landers (2003b) Waterwash  Post-evisceration cabinet, 40°C, 280 psi, 25 5 0.53 [0.28; 1.03] 22.8% +
Gill & Landers (2003b) Waterwash  Post-evisceration cabinet, 40°C, 280 psi, 25 5 0.68 [0.58; 1.34] 2591%

Gill & Landers (2003b) Waterwash  Post-evisceration cabinet, 40°C, 280 psi, 12 s 1.00 [0.59; 1.70] 24 0%

Gill & Landers (2003b) Waterwash  Post-evisceration cabinet, 40°C, 280 psi, 25 5 1.00 [0.85; 1.18] 26.6%

Gill & Landers (2003b) Waterwash  Cold water at 2°C, 140 psi + 31.00 [0.06; 16428 28] 1.5% *

L2 or 12 _ ;
Heterogeneity: '=14 7% =061, p=0.32 l 0.88 [0.44: 179] 100.0%

[ I 1 |
0001 01 1 10 1000

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of water wash in
reducing generic E. coli prevalence on beef carcasses (low heterogeneity, no effect)
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Study

Gill (2000
Gill (2000
Gill (2000
Gill (1999
Gill (1999
Gill (1999

[ S S S ]

WG3

Description

Intervention

Hot water wash  Post-evisceration cabinet, 85°C, 8 s
Hot water wash  Post-evisceration cabinet, 85°C, 95
Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 15 s

Heterogeneity °=0% °=0.01, p=0.51

Study

Gill (1999)
Gill (2000)
Gill (2000)
Gill (1999)
Gill (1999)
Gill (2000)
Gill (2000)
Gill (2000)

Intervention Description

Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 12 s
Hot water wash  Post-evisceration cabinet, 85°C, 10 s
Hot water wash  Post-evisceration cabinet, 85°C, 15 s
Hot water wash  Post-evisceration cabinet, 85°C, 11s
Hot water wash  Post-evisceration cabinet, 85°C,9s
Hot water wash  Post-evisceration cabinet, 85°C, 8 s

Heterogeneity: I°=69.0% t°=0.43, p=0.002
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Mean Difference MD
. 0.78
—— 0.71
—— 062
— 052
—H 049
—— 036
| {:T: i , 089
-1 05 0 05 1
Risk Ratio RR
—a— 0.05
—a 0.15
— 0.16
——— 0.28
—.— 0.29
.- 042
| | 062
067
o 0.32
| I I |
001 01 1 10 100
WG3-P11

95%-Cl

[-1.07;-0.49
[-1.04;-0.38
[-1.03;-0.21
[0.89;-0.15
[082-016
[0.72 0.00

e e e

— =0

[-0.76; -0.42]

95%-Cl

[0.01; 0.36]
[0.05; 0.44]
[0.05; 0.47]
[0.12; 0.63]
[0.13; 0.67]
[0.23;0.78]
[0.41; 0.94]
[0.49; 0.90]

[0.17: 0.58]

| Nikolaos Dadios

Weight

21.7%
17.7%
12.7%
14.7%
17.4%
15.7%

100.0%

Weight

9.5%
10.5%
10.5%
12.6%
12.7%
14.7%
16.3%
17.0%

100.0%

Forest plot of the results of before-and-after trials
performed under commercial abattoir conditions
to investigate the efficacy of hot water wash in
reducing generic E. coli counts (log,, CFU) on beef
carcasses (low heterogeneity, positive effect)

@ 3%

Forest plot of the results of before-and-after trials
performed under commercial abattoir conditions
to investigate the efficacy of hot water wash in
reducing generic E. coli prevalence on beef
carcasses (high heterogeneity, positive effect)

9,

15
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Study Intervention Description Mean Difference MD 95%-Cl Weight +
Gill & Bryant (1997b) Steamvacuuming  Water and steam = 82°C, vacuum = 175 mm Hg = 072 [[143-001 225%
Gill & Bryant (1997b) Steamvacuuming  Water and steam = 82°C, vacuum = 175 mm Hg — 063 [-1.20;-006] 31.2%
Gill & Bryant (1997b) Steamvacuuming Water and steam = 82°C, vacuum = 175 mm Hg — 020 [063; 023] 463% *
Heterogeneity: F=9.7% t2:[1_03, p=0.33 ——-—-p-— 045 [1.17; 0.27] 100.0%

| I I I |

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of steam vacuuming
in reducing generic E. coli counts (log,, CFU) on beef carcasses (low heterogeneity, no effect)
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Study Intervention Description Risk Ratio RR 95%-Cl Weight
Mutsch (1997) Steam pasteurisation  82.2°C, pressurised, 8 s; then cold water spray (4.4°C) at 40 Ib/in2, 10 s i 0.01  [0.00; 3.81] 16% @
Mutsch (1997) Steam pasteurisation  82.2°C, pressurised, 8 s; then cold water spray (4.4°C) at 40 Ib/in2, 10 s ; 0.01  [0.00; 498] 16%
Retzlaff (2005) Steam pasteurisation  85.0°C, pressurised, 11 s; then cold water spray (1°C), 12 s 002 [000; 822] 16%
Mutsch (1997) Steam pasteurisation 82 2°C, pressurised, 6 s; then cold water spray (4 4°C) at 40 Ib/in2, 10 s 005 [0.00;2534] 15%
Retzlaff (2005) Steam pasteurisation  §2.2°C, pressurised, 11 s; then cold water spray (1°C), 12 s : 0.05 [0.00;26.29)] 1.5%
Mutsch (1997) Steam pasteurisation  82.2°C, pressurised, 6 s; then cold water spray (4.4°C) at 40 Ib/in2, 10 s : 0.09 [0.00;55.81] 1.5%
Retzlaff (2005) Steam pasteurisation  76.7°C, pressurised, 11 s; then cold water spray (1°C), 12 s 0.09 [0.00;5717] 1.5%
Retzlaff (2005) Steam pasteurisation 87 .8°C, pressurised, 11 s; then cold water spray (1°C), 12 s 009 [000;5717] 15%
Corantin (2005) Steam pasteurisation  74.5°C, 9510 100 psi, 5 s . 013 [0.08; 0.20] 34 1%
Gill & Bryant (1997b) Steam pasteurisation 105°C, pressurised, 6.5 s | 014 [007; 0.31] 287%
Refzlaff (2005) Steam pasteurisation  73.9°C, pressurised, 11 s; then cold water spray (1°C), 12 s —— 033 [0.04; 2.94] 9.9%
Retzlaff (2005) Steam pasteurisation  79.4°C, pressurised, 11 s; then cold water spray (1°C), 12 s - 050 [010; 2.43] 15.3%
. 2 2 H
Heterogeneity: '=0% t'=0.42, p=0.90 | |<> | | 015 [0.09; 0.26] 100.0%

0001 011 10 1000

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of steam pasteurisation in
reducing generic E. coli prevalence on beef carcasses (low heterogeneity, positive effect)

Study Intervention Description Mean Difference MD 95%-Cl  Weight Forest plot of the results of before-
Gill & Bryant (1997b)  Steam pasteurisation  105°C, pressurised, 6.5 5 —i— 084 [-114,-054 107% a nd_after_trla Is perf_ormed.u.nder
Nutsch (1998) Steam pasteurisation  82.2°C, pressurised, 6.5 s; then cold water spray (4.4°C) at 401b/in2, 10 s = 070 [078;-062] 179% commercial abattoir conditions to
Nutsch (1988) Steam pasteurisation 82.2°C, pressurised, 6.5 5; then cold water spray (4.4°C) at 40 bfin2, 10 5 e 060 [068,052] 179% ; ; ;
Nutsch (1988) Steam pasteurisation 82.2°C, pressurised, 6.5 s; then cold water spray (4.4°C) at 40 Ibfin2, 10 s | 050 [058,042] 179% mveStlg_ate .the .efﬂca Cy.Of steam .
Nutsch (1998) Steam pasteurisation  822°C, pressurised, 6.5 s; then cold water spray (4.4°C) at 40 Ib/in2, 10 s 5= 040 [048;,032] 17.9% pasteurisation in reducing generic
Nutsch {1998}2 fteam pasteurisation 82.2°C, pressurised, 6.5 s; then cold water spray (4.4°C) at 40 Ib/in2, 10 5 | ] 030 [038,022] 179% E. coli counts (|Og10 CFU) on beef
Heterogeneity: '=91.7% 1"=0.03, p<0.0001 | {::T-} 05t 073,034 1000% carcasses (high heterogeneity,

positive effect)
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Study Intervention Description Risk Ratio RR 95%-Cl Weight
Gill & Landers (2003b) Water wash and lactic acid 2% spray Post-evisceration cabinets, water at 40°C, 280 psi, 25 s; LA at 25°C, 5 5, 700 psi 0.50 [0.26;0.935] 19.8%
Gill & Landers (2003b) Lactic acid 2% wash Post-evisceration cabinet, 25°C, 5 s, 700 psi T 053 [0.28;1.03] 19.6%
Gill & Landers (2003b) Water wash and lactic acid 2% spray Pre-evisceration cabinets, 55°C water, 25°C acid, 280 psi, 10 s —Ew 093 [0.58;1.50] 22 4%
Gill & Landers (2003b) Water wash and lactic acid 2% spray  Pre-evisceration cabinets, 55°C water, 25°C acid, 280 psi, 10 s — 125 [0.74;,2.10] 21.7%
Gill & Landers (2003b) Water wash and lactic acid 2% spray Pre-evisceration cabinets, 55°C water, 25°C acid, 280 psi, 10 s i|——==——— 260 [1.09;6.20] 16.4%
L2 2 _ :
Heterogeneity: I'=69.1% t7=0.32, p=0.01 | _li___!?_l | 0.93 [0.42;2.07] 100.0%
02 05 1 2 5

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of lactic acid spray wash in
reducing generic E. coli prevalence on beef carcasses (high heterogeneity, no effect)

Study Intervention Description Mean Difference MD 95%-Cl Weight

Signorini (2018) Lactic acid 3% wash  45-50°C, 11 5, 1.5-3 bar, automated cabinet ——— -1.03 [[1.26;-0.80] 32.6%

Signorini (2018)  Lactic acid 2% wash  20-25°C, 10 5, 1.5-3 bar, automated cabinet . -0.82 [-1.00;-064) 33.4%

Signorini {2018) Lactic acid 2% wash  20-25°C, 10-15 s, manual . N 007 [F0.21; 0.07] 33.68% +

Heterogeneity: ’=97.1% t°=0.24, p<0.001 «%ﬁ—» -0.63 [-1.89; 0.62] 100.0%
|

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of lactic acid spray wash in
reducing generic E. coli counts (log,, CFU) on beef carcasses (high heterogeneity, no effect)
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Study Intervention Description Risk Ratio RR  95%-Cl Weight

Post-evisceration cabinets, steam at 88-94°C, 12 s, LA at 700 psi — 0.00 [0;210] 33.5%
— 001 [0;375] 333%

— 001 [0;615] 332%

Gill & Landers (2003b) Steam pasteurisation and lactic acid 2% spray

Gill & Landers (2003b) Peroxyacetic acid spray and steam pasteurisation  Post-evisceration cabinets, PAA 200 ppm, 700 psi, steam at 88-94°C, 12 s ——

Gill & Landers (2003b) Hot water and lactic acid 2% wash Post-evisceration cabinet, water at 85°C, 10 s, 280 psi; LA at 25°C, 5 s, 700 psi —.—

Heterogeneity: ’=0% 12:0_005, p=0.97 <= 0.01 [0;0.03] 100.0%
I | I |

0.001 011 10 1000

Forest plot of the results of before-and-atter trials pertormed under commercial abattoir conditions to investigate the efticacy ot pasteurisation and
subsequent acid spray washes in reducing generic E. coli prevalence on beef carcasses (low heterogeneity, positive effect)
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Study

Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Liu (2016)

Intervention Description

Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling

24 h, after multiple interventions
36 h, after multiple interventions
24 h, after multiple interventions
J6 h, after multiple interventions
J6 h, after multiple interventions
36 h, after multiple interventions
24 h, after multiple interventions
24 h, after multiple interventions
0°Cfor24h

Heterogeneity: ’=6.6% t°=0.69, p=0.38

Study

Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)

Intervention Description

Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling
Dry chilling

36 h, after multiple interventions
36 h, after multiple interventions
36 h, after multiple interventions
36 h, after multiple interventions
24 h, after multiple interventions
24 h, after multiple interventions
24 h, after multiple interventions
24 h, after multiple interventions

Heterogeneity: ’=98.7% t°=0.39, p<0.0001

Risk Ratio

<
[ I I |

0001 011 10 1000

Mean Difference

2

RR

0.01
0.01
0.01
0.03
0.04
0.04
0.08
0.20
0.25

0.07

MD

-2.10
-0.60
-0.50
-0.50
-0.40
-0.30
-0.30
-0.10

-0.60

95%-Cl

[0.00; 2.72]
[0.00; 2.88]
[0.00; 4.11]
[0.00; 0.17]
[0.01; 0.28]
[0.01:0.31]
[0.01; 0.56]
[0.02; 1.64]

)

[0.08; 0.78]

1

[0.03; 0.16]

95%-ClI

[2.23:-1.97]
[-0.84; -0.36]
[-067;-0.33]
[-0.78;-0.22]
[-0 64 -0.16]
[-0.50; -0.10]
[061 001]
[0.22: 0.02]

[-1.13; -0.08]

Weight

2.2%
2.2%
2.2%
15.1%
14.2%
14.1%
13.9%
12.9%
23.2%

100.0%

Weight

12.8%
12.4%
12.7%
12.3%
12.4%
12.6%
12.1%
12.8%

100.0%

Forest plot of the results of before-and-after trials
performed under commercial abattoir conditions
to investigate the efficacy of dry chilling following
multiple slaughter line interventions in reducing
generic E. coli prevalence on beef carcasses (low
heterogeneity, positive effect)

© 3%

Forest plot of the results of before-and-after
trials performed under commercial abattoir
conditions to investigate the efficacy of dry
chilling following multiple slaughter line
interventions in reducing generic E. coli counts
(log,o CFU) on beef carcass sides (high
heterogeneity, positive effect)

@, 2
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Study Intervention Description Mean Difference MD 95%-Cl Weight Study Intervention Description Mean Difference MD 95%-Cl  Weight
Calicioglu (2002) Dry chiling ~ 4°Cfor24 h AT77T [232,122]  12.0% - . , . _
Calicioglu (2002) Drychiling ~ 4°Cfor24h  —&— | 470 [217:123]  131% Calicioglu (2002) - Dry chiling ~ 4°Cfor72h  —=— 229 [310,-148]  150%
Reid (2017) Dry chilling 0°C for 24 h — 143 [2.03:-083] 113% Calicioglu (2002) Drychiling ~ 4°Cfor72h  ——! 228 [279.177  210%
Crowley (2009)  Drychiling  4°Cfor 24 h ; 415 [262: 032]  42% Crowley (2009)  Drychiling ~ 4°Cfor54h ———%—— 161 [308,-014  71%
(T;HOTI(EUEO)OQ} BW ERI::IH‘Q ig IOT ?g E e -] gg [{-;g‘é -giﬂ 1;;"//5 Crowley (2009)  Dry chilling 4°Cfor6dh  ——F—— 150 [[2.97;-0.03] 7.1%
rowley ry chilling ar : -1 -2.50; 0. 2% " o I _ 5 a0 0
Calicioglu (2002) Dry chiling ~ 4°C for 24 h - 096 [134 058 142% gow:e" gggg} B”" EE!::!"Q i”g ;0' gi E s I 1;;* [ g-?gg g-?g] ;14’
Crowley (2009)  Drychiling ~ 4°Cfor24h : 070 [217,077]  42% rowley (2009)  Dry chiling  4°C for i 1.32 [279; 0.19] e
Crowley (2009)  Drychiling ~ 4°Cfor6h : 039 [186; 108  42% Crowley (2009) ~ Drychiling ~ 4°Cfor72h ~ ——#——F 122 [269, 025 71%
Crowley (2009) Dry chilling 4°Cfor16 h ; 034  [-1.81; 1.13] 4.2% Crowley (2009)  Dry chilling A°Cfars4h — -1.03  [-250; 0.44] 7.1%
Crowley (2009)  Drychiling ~ 4°Cfor 16 h g 032 [179, 115  42% Crowley (2009)  Drychiling ~ 4°Cfor64h ~ ———— 098 [245 049  71%
8'0“’:9? gggg; BW ER?“?"@ j"g ;f’f g‘hh 5 gﬁ; Hgg ]%2} jg;’ Crowley (2009)  Drychiling ~ 4°Cfor72h ——— 052 [199 095  7.1%
rowley ry chilling °C for ; -0. -1.59; 1. 2% . o ; :
Crowley (2009)  Drychiling  4°Cfor6h 005 [152 142]  42% Crowiey (2009) ~ Dry chiling ~ 4°Cfor54h g 048 [195 099 71%
Heterogeneity: '=39 2% t*=0.18, p=0.07 | {:ﬁ- _ 104 [137;:070] 100.0% Heterogeneity: =31.3% °=0.19, p=0.15 = o 154 [199;-1.00] 1000%
2 0 1 2 302 41 0 01 2 3
Study Intervention Description Mean Difference MD 95%-Cl  Weight
Calicioglu (2002) Drychiling  4°Cford48h - | 203 [241:-165 205%
Tittor (2011) Dry chiling  3°Cfor48h —f 165 [227:-1.03]  153%
Crowley (2009)  Drychiling  4°Gford0h  —=— 133 [280:014] - 52% Forest plots of the results of challenge trials
Crowley (2009)  Drychiling ~ 4°Cfor40h ———4—7F 131 [278 016]  52% N ) )
Crowley (2009)  Drychiling  4°Cfor48h ——%— 124 [271.023]  52% performed under laboratory conditions to investigate
Tittor (2011) Dry chiling  3°Cfor36h —— 119 [1.71,067] 17.3% . g .
Crowley (2009)  Drychiling  4°Cfor30h — 414 [261 033  52% the efflcacy of t'jry chilling up to 24h, 48h and 72h in
Crowley (2009)  Drychiling  4°Cfor30h — 098 [-2.45; 0.49)] 5.2% reducing E. coli 0157:H7 numbers (Iog10 CFU) on
Crowley (2009)  Drychiling ~ 4°Cfor48h  ——F#——— 098 [245 049 52% beef (low h . " e
Crowley (2009)  Drychiling  4°Cfor40h — 078 [225 0689] 52% eef (low heterogeneity, positive effect)
Crowley (2009)  Drychiling  4°Cfor48h — 016 [163; 131  52%
Crowley (2009)  Drychiling  4°Cfor30h s 015 [162;132]  52%
Heterogeneity: I’=37.9% t°=0.14, p=0.09 - 429 [1.65:-094] 100.0% 21
| T T | T |
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Study Intervention Description Risk Ratio RR 95%-Cl1 Weight

002 [000; 838  20%
017 [002. 129] 10.0%
042 [026. 068] 187%
050 [024. 103] 17.6%
089 [046; 173] 17.8%
133  [0.33; 536 136%
155  [0.92; 259] 185%
11.00 [0.02; 6958.77] 1.9%

Gill & Bryant (1997b) Water spray chilling Intermittent (4°C water, 2°C air for & h), then dry air, -5°C, 22 h
Gill & Landers (2003a) Water spray chiling Intermittent for 8 h at 0°C, then dry air at 0°C, 24 h in total

Gill & Bryant (1997a) Water spray chiling Intermittent (4°C water, 2°C air for 8 h), then dry air, -5°C, 22 h
Gill & Bryant (1997a) Water spray chilling Intermittent (4°C water, 2°C air for & h), then dry air, -5°C, 22 h
Coarantin (2005) Water spray chilling 24 h, after steam pasteurisation

Gill & Landers (2003a) Water spray chilling Intermittent for 8 h at 2°C, then dry air at 2°C, 24 h in total

Gill & Landers (2003a) Water spray chiling Intermittent for 10 h at -2°C, then dry air at -1°C, 24 hin total
Gill & Landers (2003a) Water spray chiling Intermittent for 8 h at 2°C, then dry air at -2°C, 36 h in total

067 [0.29; 1.54] 100.0%

[ ]
0001 011 10 1000 +

Forest plot of the results of before-and-after trials performed under commercial abattoir conditions to investigate the efficacy of water spray chilling in
reducing generic E. coli prevalence on beef carcasses (high heterogeneity, no effect)

Heterogeneity: ’=63 9% t°=1 12, p=0.007
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Study Intervention Description Mean Difference MD 95%-Cl  Weight
Forest plot of the results of challenge trials

Kocharunchitt (2020)  Chlorine dioxide spray chiling  Intermittent (50 ppm, 4 s every 15 minfor 9 h), thenairat 7°C, infotal 72h -363 [396,-330) 124% L
Kocharunchitt (2020) Peroxyacetic acid spray chiling  Intermittent (200 ppm, 4 s every 15 min for 9 h), then airat 7°C, intotal 72h == : 2363 [396,-3300 124% pe I’fO rmed under labo ratOI"y conditions to
Kocharunchitt (2020)  Chlorine dioxide spray chiling  Infermittent (50 ppm, 4 s every 15 min for 9 h), then air at 7°C, intotal 24 h -362  [378,-346] 126% . . . a1 .
Kocharunchitt (2020)  Peroxyacetic acid spray chiling Intermittent (200 ppm, 4 s every 15 min for  h), then air at 7°C, infotal 24 h 454 473135 125%  investigate the efficacy of spray chilling with
Kocharunchitt (2020)  Chlorine dioxide spray chiling  Infermittent (50 ppm, 4 s every 15 min for 9 h), then air at 7°C, intotal 24 h 094 [116,-072] 125% . H1R . .
Kocharunchitt (2020) Chiorine dioxide spray chillng  Infermittent (50 ppm. 4 s every 15 min for 9 h), then air at 7°C, intotal 72 h 0% (110070 1254 chemicals vs. water spray chilling in reducing
Kocharunchitt (2020) - Peroxyacetic acid spray chiling  Intermittent (200 ppm, 4 s every 15 min for 9 ), then air at 7:C, intotal 72 h -0.30 [052,008 125% generic E. coli counts (|Og10 CF U) on beef (h |gh
Kocharunchitt (2020) Peroxyacetic acid spray chiling  Intermittent (200 ppm, 4 s every 15 min for 9 h), then air at 7°C, in fotal 24 h : s 028 [055-001 125% . .
., ) 5 heterogeneity, positive effect)
Heterogeneity: '=99.4% t"=2.23, p=0 —=CI T -1.85 [-3.12;-0.58] 100.0%
B
2 0 2

Study Intervention Description Mean Difference MD 95%-Cl  Weight

Stopforth (2004) Cetylpyridinium chloride 0.5% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, intotal 24 h 470 [4.94;-4.46] 6.3%

Stopforth (2004) Cetylpyndinium chloride 0.5% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 36 h -360 [-3.84;-3.36) 6.3%

Stopforth (2004) Lactic acid 2% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 24 h -3.20  [-3.49;-2.91] 6.3% .

Stopforth (2004) Cetylpyridinium chioride 0.5% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 48 h 310 [326,-294] 63% Forest p|0t of the results of cha IIenge trials

Stopforth (2004) Ammonium hydroxide 0.05% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 24 h -2.50  [-2.79;-2.21] 6.3% el

Stopforth (2004) Lactic acid 2% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 36 h 240 [26%;-211]  63% pe rformed under labo ratory con ditions to

Stopforth (2004) Lactic acid 2% spray chiling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in fotal 48 h s -2.30  [2.66;-1.94] 6.2% . . . a1 .

Stopforth (2004) Acidified sodium chlorite 0.12% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 24 h & 220 [254;186] 62% Investi gate the effica cy of Spray chillin g with

Stopforth (2004) Acidified sodium chlorite 0.12% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 48 h - -1.60  [-2.03;-1.17] 6.2% . a1 . .

Stopforth (2004) Ammonium hydroxide 0.05% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 36 h 150 [175-125 63% chemicals vs. water spray chilli ng in reduci ng

Stopforth (2004) Acidified sodium chlorite 0.12% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 36 h man -140  [2.01,-079] 6.0% . .

Stopforth (2004) Ammonium hydroxide 0.05% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 48 h 430 [153-107  63% E. coli 0157:H7 numbers ( | 0819 CFU ) on beef

Kalchayanand (2019) Aqueous ozone spray chilling Intermittent (5°C, 12 ppm ozone at § Ib/in2, 1.5 min on every 30 min for 12 h) 076 [091;-061] 63% . . oy

Stopforth (2004) Sodium hypochlorite 0 005% spray chiling  Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 24 h B o (w03 e2%  (high heterogeneity, positive effect)

Stapforth (2004) Sodium hypachlorite 0 005% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 36 h 000 [029 029 63%

Stopforth (2004) Sodium hypochlarite 0 005% spray chilling Intermittent (-3°C, 3 x every 30 min for 10 h), then air at 1°C, in total 48 h 040 [017; 063] 6.3%

Heterogeneity: =99.2% t*=1 80, p=0 - 193 [-2.65;-1.21] 100.0%
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Study

Gill & Landers (2003b)
Gill & Landers (2003b)

Gill (2003)
Gill (2003)
Bacon (2000b)

Gill & Landers (2003b)

Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)

Intervention

Pasteurisation and acid treatment system G
Pasteurisation and acid treatment system F
Pasteurisation and acid treatment system F
Pasteurisation and acid treatment system F
Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system H
Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system A

Heterogeneity: 1°’=92 4% t*=1.05, p=0.002

Study

Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Bacon (2000a)
Bacon (2000b)
Bacon (2000b)
Bacon (2000b)
Gill (2003)

Intervention

Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system C
Pasteurisation and acid treatment system A
Pasteurisation and acid treatment system A
Pasteurisation and acid freatment system F

Heterogeneity: 1°=97 5% t°=1.37, p<0.0001

Description

Description Risk Ratio

<
f (L 1

0.001 011 10 1000

Mean Difference

RR

0.01

0.02
0.05
0.06
0.13
0.25
0.33
0.43
0.45
0.59
0.63
1.00

0.30

MD

-4.10
-3.80
-3.00
-2.80
-2.70
-2.30
-1.20
-1.00
-0.83

95%-ClI

[0.00; 3.24]
[0.00; 10.00]
[0.01; 0.33]
[0.01; 0.41]
[0.06; 0.29]
[0.08; 0.78]
[0.21. 0.51]
[0.30; 0.61]
[0.32; 0.63]
[0.45; 0.77]
[0.49; 0.80]
[0.98. 1.02]

[0.16; 0.59]

95%-Cl

[-4.57:-363)]
[-4.20; -3.40]
[-3.38; -2.62]
[3.17;-2.43]
[-3.24; -2.16]
[2.62;-108]
[157--083]
[-1.26; -0.74]
[-1.21:-0.45]

[-3.32; -1.49]

Weight

1.1%
1.1%
6.0%
5.9%
9.9%
8.7%
11.0%
1M1.1%
11.2%
11.3%
11.3%
11.5%

100.0%

Weight

11.0%
11.1%
11.1%
11.2%
10.8%
11.2%
11.2%
11.3%
11.1%

100.0%

Forest plot of the results of
before-and-after trials
performed under commercial
abattoir conditions to
investigate the efficacy of
multiple pasteurisation and
acid interventions in reducing
generic E. coli prevalence on
beef carcass sides (high
heterogeneity, positive effect)

Forest plot of the results of
before-and-after trials
performed under commercial
abattoir conditions to
investigate the efficacy of
multiple pasteurisation and
acid interventions in reducing
generic E. coli counts (log,,
CFU) on beef carcass sides (high
heterogeneity, positive effect)
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Pasteurisation and acid treatment system A: (i) steam vacuuming (104 to 110°C, 138 to 345 kPa steam, negative 7 to 12 mm of Hg vacuum),
(ii) pre-evisceration carcass washing (29 to 38°C water at 193 to 331 kPa, 6to 8 s),

(iii) pre-evisceration acetic acid solution rinsing (1.6 to 2.6% acetic acid solution, 43 to 60°C, 317 to 324 kPa, 2 to 4 s),

(iv) thermal pasteurising (71 to 77°C water, 69 to 228 kPa, 10 to 14 s),

(v) final carcass washing (16 to 32°C water, 483 to 897 kPa, 10 to 14 s), and

(vi) post-evisceration acetic acid solution rinsing (1.6 to 2.6% acetic acid solution, 43 to 60°C, 317 to 324 kPa, 2 to 4 s)

Pasteurisation and acid treatment system F: (i) pre-evisceration carcass washing (55°C water at 280 psi, 10 s),
(ii) pre-evisceration spraying with 2% lactic acid (25°C);

(iii) post-evisceration steam vacuuming of visible contamination from the rump, brisket and forelegs;

(iv) post-splitting trimming visible contamination;

(v) final carcass washing (40°C, 280 psi, 25 s);

(vi) steam pasteurisation (steam at 88-94°C, 12 s); and

(vii) final spraying with 2% lactic acid (700 psi)

Pasteurisation and acid treatment system G: (i) pre-evisceration carcass washing (55°C water at 280 psi, 10 s),
(ii) pre-evisceration spraying with 2% lactic acid (25°C);

(iii) post-evisceration steam vacuuming of visible contamination from the rump, brisket and forelegs;

(iv) post-splitting trimming visible contamination;

(v) final carcass washing (40°C, 280 psi, 12 s);

(vi) peroxyacetic acid spray (200 ppm, 280 psi); and

(vii) steam pasteurisation (steam at 88-94°C, 12 s)

25
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25 years of literature reviewed,

Insufficient data for some interventions, such as standard procedures for carcasses and GHPs,
organic acid and other carcass chemical washes

Limited data for knife trimming, steam vacuuming, lactic acid and other organic acid washes and
multiple interventions - efficacy is inconclusive and more research is needed

Sufficient data for carcass water wash, hot water wash, steam pasteurisation and chilling

Data on pathogenic E. coli mostly from challenge trials conducted under laboratory or pilot plant
conditions:

= efficacies investigated using artificially inoculated bacteria - consequently the effects are likely
exaggerated and would not reflect real life conditions that exist in abattoirs.

= Nevertheless, the results are useful to provide some indication of the relative efficacy of specific
interventions

Only 43% paper with low risk of bias — insufficient methodological quality and lack of adequate
reporting of intervention protocols

Not all studies had extractable data (around 50% !) - lack of adequate reporting of results
High heterogeneity of studies (>2/3)
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= Steam and hot water carcass pasteurisation had the largest individual impact on
decreasing the prevalence and concentration of E. coli

= Multiple pasteurisation and acid interventions — up to 2.5 logs reduction

= Recommendations:

= Carcass pasteurisation treatments and organic (lactic) acid washes can be
recommended for consideration as hazard-based interventions when applied
after dehiding and pre-chill.

= More research is needed (particularly large commercial controlled trials)
= Methodologies and data recording needs to be harmonised
= These data can be used for further quantitative microbial risk assessment

@‘ RIBMINS 1-Apr-22 WG3-P11 | Nikolaos Dadios 27
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= 3.1 Assessment of effectiveness of new tools | methods

for detection of carcass contamination Years
= 3.2 Assessment of the significant intervention strategies and o1&
alternative methods for the slaughtering | the carcass dressing
= 3.3 Assessment of the performance of food safety management
systems
» . . . . . . — Years
= 3.4 Harmonised Epidemiological Indicators (HEI) in risk 3&4
categorisation of abattoirs
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3.3 Assessment of the performance of food safety management systems

Progress so far:

- Hazards agreed (from past EFSA reports)
« FSMS in abattoirs defined

« FSMS components breakdown and analysis
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3.3 Assessment of the performance of food safety management systems

(Potential) Next steps

= Model A. Components-based assessment of FSMSs

- Assessment of effectiveness of each FSMS component against agreed hazards
= Model B. Outcome-based assessment of FSMSs

- Establishing agreed assessment outcome parameters (in cooperation with WG 3.4 work on HEISs)

- Holistic assessment FSMSs only from the outcomes, irrespective of components etc.
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