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Causes of AMR in Food Chain
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Risk assessment of novel fechnologies

RISK ASSESSMENT is a process to scientifically evaluate the probability of occurrence and severity of known
or potential adverse health effect resulting from human exposure to foodborne hazards

Risk Communication
Hazard identification

Dose-Response Assessment
Exposure assessment

Risk Confrol decision
Management Determine acceptable risk
Policy Based Confrol alternative

Predict risk

Risk

Knowledge Process Application ™\
‘ Understanding
' Assessment of
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Exposure assessment Salmonella spp in Chicken
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Risk assessment of novel fechnologies

Frequency of
How likely is contamination of food

to happen

What are the
potential
conseguences

What are the What can go

hazards \Wigelgle]

Number of
microorganism when
contaminated

Key Elements of Microbial Risk Assessment

Hazard Identification

Exposure Assessment

Hazard Characterization (Dose-Response
Relation + Severity Assessment)

Risk Characterization

Growth before
consumption

Frequency of
consumption

FAO/WHO Microbial Risk Assessments

Listeria monocytogenes — ready-to-eat foods
Salmonella in broilers

Salmonella Enteritidis in eggs

Campylobacter in broilers

Vibrio parahaemolyticus in fish and shellfish
Enterohemorrhagic Escherichia coli in ground beef and
produce

Amount food consumed

N of microorganisms
consumed with a
serving

Overview of the risk assessment framework

Hazard identification
+ Salectad combinations of food animal species / bactena |
antimicrobial classes under nabonal monitoring
* Focus on meat sold fresh at retad
+ Resistant bactera as direct or indirect hazards

[

{ )
Exposure assessmant Hazard charactarization
p,uv saugh + Dumct corsequances: colonzation o
R AP infection of the consumer by resstant
Cros8-Contanminaton baceria
Auring slaughter + INErent CORGENIRNCRS: VRrtical oF
hartaantal ransher of AMR ganas, co-
PosRimghisr AMR weisnce selection of AMR
i o Andericrobisl dess used 88 sole therapy
¢ or one of fow alternatives to eat serous
human dessases
AMR prevalence af retail
| Resistance of bacteria to heat “'
L Wreatment (home cooking) Risk charmcterzation
Rarking of coetinations of food anima spocies ! baclena |
AMR peostonte: st Gonuumpion antimicrobisl classos

Average number of mest
pennos dd aenily. I Rovison of prudont asgmicrobial use guidelnes
04¢ S hhabitant ‘ + Rostriction of the use of cortain antimicroblal dassos
+  Minimization of the spread of baciedia carying AMR
Average rumber of meat servings genes ihroughout te food chain

contaning resistant bactora consumed g~
anrusaly per Swess inhatstant ccug(]b(‘
Collineau et al (2018) Risk Analysis, Vol. 38, No. 5, 2018
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Overview of the risk assessment framework
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Evidence of cross-resistance between biocides and clinically relevant antibiotics

Microbial species
E. coli
Pseudomonas spp.

Bacillus spp., Enterococcus spp.

and Staphylococcus spp.

Klebsiella pneumoniae

E. coli, C. coli, S. enterica, L.
monocytogenes

C. jejuni

S. enterica serovar Typhimurium

Biocides used

Triclosan

benzalkonium chloride, Didecyldimonium
chloride and sodium hypochlorite

Cetrimide, chlorhexidine, benzalkonium
chloride, hexadecylpyridinium chloride

Chlorhexidine
Didecyl dimethyl ammonium chloride

Trisodium phosphate, sodium hypochlorite,
acetic acid and a commercial alkaline
biocide which contains sodium lauryl ether
sulfate, linear alkyl benzene sulfonic acid,
sodium salt, propylene glycol monomethyl
ether, and dipropylene glycol n-propyl ether
A mixture of aldehydes and QAC; a QAC;
an oxidative compound; a halogenated
tertiary amine compound, A blend of
oxidizing compounds; a QAC containing
formaldehyde and glutaraldehyde; a
biocide composed of organic acids and
surfactants

Antibiotics to which resistance was developed

Levofloxacin, amoxicillin, tefracycline and chloramphenicol

Colistin, ceftazidime, amikacin, meropenem, gentamicin, piperacillin-
tazobactam, ciprofloxacin, Polymyxin B, tetracycline, ciprofloxacin

Ampicillin, sulfamethoxazole, cefotaxime, Ceftazidime and
cefotaxime, among others

Colistin

Ampicillin, cefotaxime, ceftazidime, chloramphenicol and
ciprofloxacin

Kanamycin, streptomycin

Nalidixic acid, ciprofloxacin, chloramphenicol, tetracycline, Nalidixic
acid, chloramphenicol, tetracycline, ciprofloxacin, Ciprofloxacin,
chloramphenicol, tetracycline, and ampicillin

eagrasc
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Novel food processing technologies

@ Ensure food safety

Novel Food Processing Technologies

Improved shelf life

b D i S J L, O Nutrient retention
ST 'W

Thermal  Electro-magnetic Biotechnological Mechanical

Combination

Smart Solutions

\ . C(‘.(l{,us;(:
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Novel technologies across food chain = s

v Improved food quality

v Reduced energy and water
consumption (clean and green solutions
to key challenges faced by the food
industry)

v Employ new interventions for developing
new food products underpinning key
health, nutrition and wellness challenges

8 1ugr rasttvn

Mechanism of AMR

v' Enzymatic degradation of antibiotics,

v Antibiotic target modification,

v' Changing the bacterial cell wall permeability and
v Alternative pathways to escape the activity.




Selection of technologies

/ Mode|50|ufi0ns\ / Liquid foods \ / Solid foods \

=

| Novel Technologies |
Vegetative cells ":>
inactivation
NO - ~
Yes
e EN
Technological Spores Thermal processing Ozone
iee . Conventional and High pressure processing | [ Cold plasma
modification N - Novel technologies Pulsed electric field Airborne acoustics
require d _ o Sﬁone qppliccfions Light based technologies
rasonics
| Light based technologies
Combination Yes
Process

efficiency

> 5log Up to 5 log 1 -2 log reductions

. RN AN J

ccogo SC
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Commercial validation

Surface Decontamination Technologies

Decontamination

Chemical
Ozone

Physical Biological

Natural
Organic acids Yiireseye extracts

Chemical Physical
(Fogaing) Ultrasound

Ozone Cold plasma

ccugo SC
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Microbial aspects of novel technologies

S N O = Ml

Pressure Electroporation Sonoporation Oxidation Heating

Vegetative cells e —rr— T — T —T——rT—
Damages to cell membrane

Inactivation of key enzymes modulating ++ ++ ++ + + o
growth of cells

Oxidative damages to cell membrane ++ ++ + +++ +++ o+ +++
constituents (peptidoglycan layers)

Damage to DNA/Nucleic acid

_—————-—

Chemical modification in spore core and + ++ + ++ + + +++
cortex

+++: key mechanism of action

++: some synergistic effects

+: based on limited scientific information cagasc
—: Not reported
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Chemicals aspects of novel technologies

High Pressure  Ultrasound Cold Plasma Pulsed Electric Field
,—:Mlnor :_:R /COOH

Food product

Oxldo’rlon Pqueo[ysw L\polysws
O><|_dc1f|on Oxidation
Maillard
reaction
| Effects [ High Pressure | Pulse Electric Field | Ultrasound | Cold Plasma___|
Protein
Oxidation + - + +++
Denaturation +++ ++ +++ ++
Aggregation ++ ++ ++ ++
44 Sianificant effect Proteolysis + - + o
: Significant effec Linids
++: Moderate effect -_p_oxidaﬁon + + - et

+: Low effect i’ .
-: No reported o Lipolysis ++ + _ -




Known and unknowns of novel technologies

MICROBIAL SAFETY

%‘_ Model solution vs food
maftrix

SHELF LIFE & QUALITY

I Extends shelf life & thermal

NOVEL impacts
TECHNOLOGIES
NUTRITIONAL ATTRIBUTES
:k. =] t‘b Macromolecules vs minor

constituents

TOXICOLIGICAL/AMR
N E! Processing induced

™ chemicals, impact on

genes
c eagasc
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Cold Plasma Technology
+ Plasma (an energetic ionised gas) is widely used for industrial material
processing.

* A novel nonthermal approach for reducing the microbial populations on
surfaces

Thermal, electric, magnetic field, radio or

microwave frequencies Reactive oxygen species (O, O3)

Reactive nitrogen species (N, NO")

e- e’
Neutral gas - Atoms becomes ions -

[j @_ [__~_J ccugusc

Sheet halt Ao radican

Packaged Meat Plasma which Inactivate
Al or MAP wschangy ——OTRITET e
) SR L0 W B PALE
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Application of Cold Plasma Technologies

Micro-organisms

Food processing ‘
industry $
PestiCidg .
N Cold
- Plasma %

Plasma Technology

) Grains
Fish
Dry foods
cagasc
o T— y—

rop production

Soil condition
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Effect of PAW on microbial load
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Effect of Plasma on biofilms

Direct tfreatment of bacterial biofiims

Control 3min ACP freated
Confocal analysis: green (live cells), red (dead
cells)

€

Surening battens (Log OU/ml)

- e g
» ¢ 4 .
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Effect of Plasma on biofilms

7 ol it 5 I
: - E-m [ ‘ é | 00159
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7
o - D0+
. n W &0 120 240 ve
E Exposure time (seconds)
o Effect of plasma on QS
i 2 regulated virulence factors
Untreated biofilm 120s 300s Flynn et al. 2016 eagasc

Scientific reports.
Atomic force microscopic images of plasma treated biofilms Handorf et al,, 2018

Appl Fnviron Microbiol
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Mechanisms of action - Plasma
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https://www.ncbi.nlm.nih.gov/pubmed/30143511
https://www.nature.com/articles/srep26320#search-menu

Risk assessment — associated with Cold Plasma Technology

Potential risk factors using cold plasma technology: @ &

+ electrical charge system
+ thermal domage

« formation of UV radiation on the product surface during freatment

Although no evidence on undesired side effects of a plasma treatment
has yet been presented, research currently are in process to detect

* Short term

* Long ferm

Ccn‘{,usc
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No mutagenic action of the

Safety Aspects of Non-Thermal Plasmas

Electric currents, UV radiations displays
certain impact on cell performance,

however, so far no adverse effects have SCIENTIFIC REPORTS Complex bio-fluids showed increased
been aftributed

kinpen plasma in

mammalian cell line . A sy i

mutation frequency over time

Cytotoxic and mutagenic potential of
solutions exposed to cold atmospheric

plasma

™

I»

Treatment reduced the toxicity of the food
sector effluents, however, Cyto-eco-toxicity
varied depending on treatment parameters.

1y oy 4 Pasda b — =
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Whrme W Sslnr  Wamge B (R S At O Sy —
Bnaien §. Gilowen . Putng & Fhene

Endotoxin responsible for pathogenicity in bacteria is
reduced with cold plasma and non-toxic to Galleria
mellonella
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: T The mix of these parameters has to

Plasma exposure

Dovica, working gat Trestment tma, ingus enargy be adapted individually for each
repasted/contruout exponse . o
application
Cefl stammdation; —— Coll cythe arrest
Migration, r Induction of cell
Proliferstion; DNA damage. desth (sooptorn
Wourd haaling Gerotonic eftects necrow)

Optimum treatment
parameters should be set to
minimise risk factors

Further investigations regarding the nature and
safety of plasma-freated food products

Ccugos(:
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Conclusions

» Available risk assessment framework for QMRA should modify to focus on
resistant micro-organisms

> Scientific information available on technologies is mainly associated with
food safety/quality

» Limited studies are available on AMR/WGS of novel technologies

> Approval of Novel technologies for food application for food safety
purposes is not yet approved in many countries.

» Maijority of novel technologies are for niche application

» Replacement of antibiotics and chemical preservative with natural
alternative would provide solution to AMR.

cco‘gu sC
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