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The talk

* Following up and looking back:
* 18t presentation: Meat inspection and slaughter as learning —based systems
 2nd presentation : Methods for comparison of systems

« 31 presentation : Interventions in the meat chain: The need to integrate causal inference
into planning of interventions.
4t presentation is this one: Some conclusions and future perspectives; Into Artificial

intelligence?



I The ideology of meat safety

«Documents»

* 1930’s; Implementation of the Prescott-Meyer-Wilson
maxim has been given the name longitudinally integrated
safety assurance - LISA.

* 1970’s; HACCP

* 1990’s»: Internet take-off o

: Digitalisation on politic sseque protection of the pubtic sgainst

mitted diseases of microbial aetic

:1998; Google [t Achievements ar

the introduction of the Prescott-Meyer-Wilson

strategy of active intervention

* 2000’s; Biosensors revolution?

* 2006; Facebook launced openly
- «Big data»

* 2013; EFSA: Meat Safety Assurance System
“For the most relevant foodborne biological hazards, EFSA has also

groposed‘harmonised epidemiological indicators. The indicators will
e useful in the context of the proposed comprehensive meat safety

assurance system, enabling the categorisation of farms, flocks or
herds and abattoirs according to potential risk and the setting of
microbiological targets for carcasses.”

* 2014; IBM Watson
https://www.youtube.com/watch?v=_Xcmh1LQB9I

From Sava Bunic’ «Integrated Food Safety
Systems and Veterinary Public Health»
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Contents lists available at ScienceDirect

Food Research International

earnin g organ Isations: —

KAP - the wholy Grail

Knowledge

Attitude

Practices

Review
Knowledge, attitudes and practices of food handlers in food safety: An
integrative review

Lais Mariano Zanin®, Diogo Thimoteo da Cunha®, Veridiana Vera de Rosso®,
Vanessa Dias Capriles®, Elke Stedefeldt®

EFFECTIVE TRAINING

- Theoretical and practical in a continuing way
- At the workplace for all food handlers
- Selective and specific for food handlers practice
Risk-based with consequences of failure clearly expressed
To accommodate the low education levels of the food handlers
To achieve a consensus on food safety
Assessed continuously

Encourage
™
e

Knowledge Attitudes Practices

|

Sufficient Knowledge + Positive Attitudes + Adequate Practices

Decreased Risk of Foodborne Diseases

Download high-res image (355KB Download full-size image

Fig. 2. Factors for planning a program of training with efficient application of
knowledge, attitudes and practices.

Norwegian University of Life Sciences




Contents lists available at ScienceDirect

International Journal of Food Microbiology

[ ] [} [}
[ ] journal homepage: www.elsevier.com/locate/ijfoodmicro
—
[

The significance of clean and dirty animals for bacterial dynamics along @mmmk
the beef chain

[ ]
Sigrun J. Hauge **, Truls Nesbakken ®, Birgitte Moen €, Ole-Johan Retterud 2, Sissel Dommersnes ¢, Ole Nesteng €,
° @yvin @stensvik °, Ole Alvseike *

* Animalia Norwegian Meat and Poultry Research Centre, P. 0. Box 396 @kern 0513 Oslo, Norway

* Department of Food Safety and Infection Biology, Norwegian University of Life Sciences, 0. Box 8146 Dep, 0033 Oslo, Norway
© Nofima — Norwegian Institute of Food, Fisheries and Aquaculture Research, 1430 As, Norway

“ Fatland Jeren AS, Hommersakvn. 250, 4311 Hommersdk, Norway

© Nortura SA, P.O. Box 360 Okern, 0513 Oslo, Norway

ABS'TRAC:T

This study investigated the bacterial dynamics along the beef chain for clean and dirty cattle in the slaughter and . . .
processing lines, using classic quantitative methods and molecular analyses. In addition, the Norwegian national D | rty anima | C | €an anima |
guidelines for Good Hygiene Practices in Norway were evaluated. In these guidelines, cattle presented for slaugh-

ter are categorised according to hide cleanliness, resulting in separate processing lines for meat from very dirty

animals and reduced prices to farmers. The study was conducted in two commercial abattoirs in Norway. Two

groups were compared; 40 visually clean cattle and 40 visually dirty cattle presented for slaughter, with 20

from each group at each abattoir. The same animals were sampled at five sampling sites: hides, carcass surfaces

after dehiding, just before chilling, after chilling, and meat trimmings. Meat trimmings were sampled in only one

abattoir. Three hundred and sixty samples were collected by swabbing 100 cm?” of the brisket area at the first four

sampling sites, and sampling 200 g of meat trimmings at the fifth site. The results showed that the hides of dirty .

cattle had more Enterobacteriaceae and higher Aerobic Plate Counts (APC) than visually clean cattle (P < 0.05), S p ecCla | S | au g hte r O d H | ht
however there was no significant difference for Escherichia coli. For the other sampling sites, there were no raina ry Slau g er

differences between the dirty and the clean group. An effect of chilling/drying of the carcass surfaces was dem-
onstrated by the significant reduction in the number of carcasses on which E. coli and Enterobacteriaceae were de-
tected; from 11% and 39% before chilling to 1% and 16% after chilling, respectively. Enterobacteriaceae and E. coli

were detected in only three and one of the meat trimming samples, respectively. Amplification and sequencing of

the 16S rRNA gene from 643 Enterobacteriaceae colonies derived from 107 samples demonstrated that

Escherichia/Shigella were dominant within this family on the hides. However, after dehiding, after grading, and C | ean carcass ?
after chilling, the genera Citrobacter and Enterobacter dominated. The meat trimmings were dominated by the :
genera Kluyvera, Hafnia, and unclassified Enterobacteriaceae. The relative proportions of Escherichia/Shigella

were higher for dirty animals than for clean animals, and were higher on hides than from sampling sites further

down the chain (P < 0.05). The minor differences in contamination on carcass surfaces and meat trimmings

between clean and dirty cattle indicate that separate processing lines in Norwegian abattoirs seem to be

unnecessary.

© 2015 Flepvier RV All richte receruad
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Are we
pushing too
far?

Lack of data
to be used in
risk
assessment
and risk
management

microorganisms

Systematic Review

A Systematic Review on the Effectiveness of Pre-Harvest Meat
Safety Interventions in Pig Herds to Control Salmonella and

Other Foodborne Pathogens

Maria Rodrigues da Costa (7, Joana Pessoa 2%#, Diana Meemken **( and Truls Nesbakken °

Abstract: This systematic review aimed to assess the effectiveness of pre-harvest interventions to
control the main foodborne pathogens in pork in the European Union. A total of 1180 studies were
retrieved from PubMed® and Web of Science for 15 pathogens identified as relevant in EFSA’s
scientific opinion on the public health hazards related to pork (2011). The study selection focused
on controlled studies where a cause—effect could be attributed to the interventions tested, and their
effectiveness could be inferred. Altogether, 52 studies published from 1983 to 2020 regarding Campy-
lobacter spp., Clostridium perfringens, Methicillin-resistant Staphylococcus aureus, Mycobacterium avium,
and Salmonella spp. were retained and analysed. Research was mostly focused on Salmonella (n =
43 studies). In-feed and/or water treatments, and vaccination were the most tested interventions
and were, overall, successful. However, the previously agreed criteria for this systematic review
excluded other effective interventions to control Salmonella and other pathogens, like Yersinia entero-
colitica, which is one of the most relevant biological hazards in pork. Examples of such successful
interventions are the Specific Pathogen Free herd principle, stamping out and repopulating with
disease-free animals. Research on other pathogens (i.e., Hepatitis E, Trichinella spiralis and Toxoplasma
gondii) was scarce, with publications focusing on epidemiology, risk factors and/or observational
studies. Overall, high herd health coupled with good management and biosecurity were effective to
control or prevent most foodborne pathogens in pork at the pre-harvest level.



I Preharvest data «revolutiony» ?

* Big data will most likely be
used primarily for
automatically harvested data,
as e.g. sensor technologies

* What about smaller
organisations, data harvested e

from farms and processing
units into consumers’
kitchens?
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I Common datasets not available

- Memorandum

Roadma P WG4 - Papersandd

Meat Safety Assurance System - Signals from group

Graphic model of components and
communication between
stakeholders along the value chain.

* We have large amounts of

Common dataset

Key parameters for SWOT b) poultry ‘

data - most of it is not used |

Condemnation causes

Qualifying criteria

Common dataset
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* Who owns the data? | [

ventional

may be usef

y surve
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* Public sector
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I Causal paths
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Figure 4. Time trends of plate counts (upper) from a meat cut plant during 2012, illustrated with a

lowess curve with a bandwith of 0.25, corresponding to a moving 3 months window. The lower
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HPR and carcass counts, of course there is a
relationship - but what about predictions?

This means that for each percentage of poorer HPR-score, En-
terobacteriaceae and E. coli contamination of carcasses increased by 0.1
log CFU/cm®. The models were highly significant (F-statistics: 28.1, 18
DF, p = 0.00005 and 38.99, 18 DF, p = 0.000007). For the En-
terobacteriaceae regression model, R? was 0.68 (0.69 for cattle and 0.62
for sheep), and 0.61 for E. coli (0.62 for cattle and 0.60 for sheep).
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Fig. 3. The relationship between HPR results on the
x-axis and microbiological carcass hygiene on the y-
axis. The mean of log/cm? Enterobacteriaceae (graph
to the left) and E. coli (to the right) on cattle (dots)
and sheep carcasses (squares). The dashed line
showed the regression line for cattle and the solid
line for sheep. NB: The x-axis is reversed, with low
hygienic scores to the right, high to the left of the x-
axis.



HPR - hygiene as a
atent (non-measure

Table 1. Associations between HPR scores and counts of Enterobacteriaceae and E. coli using a

standardized method in analysing counts. Results are shown for the overall score, and the latent
variable created by the structural equation model. Further results are given for to levels of reliability
of the predictor variable (0.8, 0.9). Coefficients with 95% Cl and corresponding coefficient of

determination is given for each model.

Predictor Enterobacteriacea E. coli
Overall score -0.099 (-0.133- -0.066) R*=0.68 -0.101 (-0.141- -0.061) R*=0.61
Latent variable from | -0.165 (-0.215--0.113) R*=0.72 -0.174 (-0.230- -0.118) R*=0.70

SEM (reliability=1.0)

Latent variable from | -0.182 (-0.231--0.134) R*=0.79 -0.194 (-0.248- -0.140) R*=0.78
SEM; reliability=0.9

Latent variable from | -0.206 (-0.244--0.166) R*= 0.89 -0.217 (-9.263- - 0.172) R*=0.87

SEM; reliability=0.8
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Complexity:
Risk assessments

Assessment of the Risk to Public
Health due to Use of Antimicrobials

in Pigs—An Example of
Pleuromutilins in Denmark

Lis Alban'*, Johanne Ellis-lversen?, Margit Andreasen?, Jan Dahl’ an

" Risk Assessment Group, Department for Food Safety and Vieterinary Issues, Danish Agricuffu
Copenhagen, Denmark, *National Food Instituts, Technical University of Denmark, Kongens L)
?Danish Association of the Vieterinary Pharmaceutical Industry, Copanhagen, Denmark, “Depa
Parasites and Fungi, Statens Serum Institut, Copenhagen, Denmark
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Use of As a result of Humans can be Severely adverse Certain types of
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select for resistant resistant exposure to confer resistance to
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FIGURE 2 | Summary of risk assessment for human health related to use of pleuromutilins in Danish pigs.

Enteroccocus: low risk
(high uncertain

The current risk for human health-associated consumption of
pleuromutilins in Danish swine was assessed as low under the
current conditions. This is an increase compared to the previous
assessment conducted in 2010, where a very low risk was found
(7). A summary of the different elements of the risk assessment is
presented in Figure 2.

The consumption of pleuromutilins in Denmark is low
compared to other European countries (9) and has not changed

13




I Complex networks

A Biotracing Model of Salmonella in the Pork Production
Chain

February 2012 - Journal of food protection 75(2):270-80
DOI: 10.4315/0362-028X.JFP-11-281
Source - PubMed

@ Joost Smid - @ Lourens Heres - @ Arie H Havelaar - A Pielaat : '
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Figure

Caption

Fig. 4. BBN of the Salmonella in pork slaughter
chain. The different colors (only visible in the
online version of the article) represent the

dynamics of Salmonella coming from
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This figure was uploaded by Lourens Heres

Content may be subject to copyright.
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Decision analyses

* Bayesian networks
represents a graphical
technique easily (7?)
understood

BN can send information
forward and backward

Figure 5. A decision oriented system using a Bayesian network, showing the probability distribution
without any HPR information (upper), and with HPR information (middle). The lower graph gives
probability distributions of three levels of hygiene scores (low, medium, high) for scenarios with
inputs for Enterobacteriacea (log units)_1, 0, -1, -1.5) and E. coli (log units) 0.5, -0.5, -1.5, -2) per cm?.
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The Industry and Public Sector

e |Industries will be reluctant to share their HEM  OMOSS  HUBBARD  NYHETER  KONTAKT
data

 Public data sharing will be limited by
GDPR

e Other, commercial actors will dominate
the arena in food safety and food quality

* Industrial systems have more freedom
and more efficient than public
systems - and will be able to integrate
databases

Norwegian University of Life Sciences 16



Do not forget the biology!

Neospora also known as Neospora caninum is single celled parasitic organism that can
affect cattle, particularly pregnant cattle, where it can result in abortion. The disease
affects cattle worldwide, and once infected, cattle remain infected for life, making the

disease very difficult to eradicate. 4. nov. 2020

“ssue cysts
.hgested by
definitive host

Unsporulated
00Cysts
passed in
feces

Ingested by
intermediate
hosts

Tachyzoites
transmitted £
through
placenta

Sporulated oocysts
in food, water or soil

Infected fetus

Neospora is not
zoonotic, but Neospora
affects zoonoses as itis
linked to pre-harvest
management and
contact between cattle
and dogs




IThe status



The tuture - into the green shift

* Reduced meat consumption in Europe

» Stress on the industry linked to pressure from

 Sustainability and climate
e «Green Deal»
 Animal welfare

 Authorities and industries under pressure to change food
systems into circular food chains



I And the World was never to be the same again;
algorithms and Artificial Intelligence (Al

describe the relationship between surface microbial counts and slaughter hygiene

Researchv Productv Developersv Safety Company

The relationship between surface microbial counts and slaughter hygiene is significant and
plays a crucial role in ensuring food safety and preventing the spread of pathogens.
Slaughter hygiene refers to the practices and measures implemented during the
slaughtering and processing of animals to maintain cleanliness and minimize the risk of

contamination.

Surface microbial counts are a measure of the total number of microorganisms present on
the surfaces of equipment, tools, and facilities in the slaughterhouse environment. These

= microorganisms can include bacteria, fungi, viruses, and other pathogens. High surface
I nt rO d u C I n ‘ h at G P I microbial counts indicate a higher level of contamination and increase the likelihood of
pathogens being transferred to the meat during processing.

We’ve tra| ned a mOdeI Cal Ied ChatG PT Wh ICh | nteraCtS |n a Proper slaughter hygiene practices aim to reduce and control surface microbial counts in

2 ~ : . the slaughterhouse. This includes maintaining a clean and sanitized environment,
Conversatlonal Way The d Ialog ue fo rmat makes It pOSS| ble fOr implementing effective cleaning and disinfection protocols, and ensuring the use of
ChatGPT to answer followup questions, admit its mistakes, appropriate personal protective equipment (PPE) by workers.
Chal Ienge InCOI’reCt prem Ises’ and reJeCt |nappr0pr|ate By controlling surface microbial counts, slaughter hygiene practices help minimize the risk

req u eStS of foodborne ilinesses and ensure the safety of the meat products. Pathogens such as

Salmonella, Escherichia coli (E. coli), Campylobacter, and Listeria monocytogenes are
commonly associated with slaughterhouse contamination. These pathogens can cause
serious illnesses in humans if consumed through contaminated meat.

‘G Regenerate response



Will Al save us

* May not be of much help in our area, due to lack of
transparency of data, limited sharing of data - and:

* Huge variability of data

« Even advanced Al systems will not give reliable predictions
on specific units as animals and herds.



Am | a bit pessimistic?




