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Risk of consumer exposure to multidrug resistant bacteria

v

Prevalence broilers* Prevalence fresh chicken Risk of consumer exposure?
(Germany) meat* (Germany) (Barbecue event)
ESBL - E. coli 45.3 % 39.6 % ’
MRSA 2.4 % 17.9 % .

*Data from the National Zoonoses Monitoring
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Codex Alimentarius

RISK ANALYSIS
/\

A - | Risk management
. Risk assessment

Ensure public health protection

-y

-

» Hazard identification

. Risk communication

» Hazard characterization

> Exposure assessment

> RIsk characterization

\_ /
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Risk Assessment

Qualitative Risk Assessment

- More subjective
- Main goal: determine severity of the risk

- Results recorder in a risk assessment matrix

Likelihood

Consequences

1
Negligible

1
R
5
4
BN

M_:wr - 2 6 8 10
BN 0

\_

https://www.safran.com/blog/whats-the-difference-between-qualitative-and-quantitative-risk-analysis

Quantitative Risk Assessment

4 )

Risk = . Low Moderate High . Extreme j

~

- Assigns a numerical value to risks
- Dependent upon the quantity and accuracy of data
- Mathematical models

- Variability and uncertainty

Histogram and theoretical densities
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Quantitative Microbial Risk Assessment (QMRA) Models
Ungaretti-Haberbeck, et al., 2018.

QOMRA model

Hazard identification / Risk question

Hazard

Product/Matrix

Dose-response model

Hazard
characterization

‘ Population group

l Process model ]r Consumption model

| Exposure model

V4

Exposure
‘ assessment

Process model:

- Growth

- Inactivation

- Mixing

- Partitioning

- Removal

- Cross-contamination
- Recontamination

P

Risk characterization

| - Health metrics
model

Risk characterization model

Probability of occurrence and

severity of known potential adverse

~ health effects in a given population

| Knowledge
RA model
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Quantitative Microbial Risk Assessment (QMRA) Models

Ungaretti-Haberbeck, et al., 2018.

QOMRA model

Hazard identification / Risk question

ESBL- E. coli
MRSA

Chicken meat

Guests at a barbecue

qﬁmahiu_

—

—

Dose-response model ‘

Hazard
characterization

ervmg size
Cross-Contamination
. . Cons
Recontamination
Exposure
assessment

Exposure model

Risk characterization

| Health metrics
model

Risk characterization model

| Knowledge
RA model
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Description of the contemplated scenario
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QMRA Models: Process model

Cross-contamination model: transfer from a contaminated product to a non contaminated product via kitchen utensils
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Transfer and persistence coefficients:

Fetsch and Tenhagen (2017)
(Ing CFU fcm? on destiﬂatiﬂn)/(lng CFU/cm* on ‘_-'-IDLJI'EE) » 100%

Transfer coefficients: probability for one CFU to be transferred from X to Y during the food preparation.
Ix-y

X y

Persistence coefficients: probability that a CFU is still present on an object after rinsing it.

Tv-
- amcamd

y
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ESBL - E. coli vs MRSA

ESBL - E. coll MRSA

*» Higher prevalence and *» Spread more easily
concentration rates in raw between surfaces
chicken meat at retail In
Germany ** Remains detectable Iin

surfaces after rising

Fetsch and Tenhagen (2017)
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Sub-scenario 1: Cross-contamination of bread

ACTION 1: ACTION 2: ACTION 3:
Cutting raw chicken breast Rinsing cutting board Cutting bread

r I \
\
\, tCK
— ,tC c8 ¥
\
\ tCB_ B ;
@% ECB CS .

1__.-__

Sub-scenario 2: Recontamination of grilled chicken (90°C/60°C)

[’D 90 " | to_ (;59
t7_ CEG ‘\ t_ CEO '\

QEQ oﬁo

ACTION 4: ACTION 5: [ ACTION 6: ACTION 7: W
Manipulating raw chicken breast Rinsing dish | Manipulating grilled chicken (90°C) Manipulating grilled chicken (60°C)

Sub-scenario 3: Consumer exposure

f O * Op®
o
=By

Serving size

40

ats

d», ?f

\--;:,“

Exposure Model.

v Probabilistic approach

v" Probability of contamination

v" Level of contamination

v" Probability of consumer exposure
v' Deterministic approach

v Impact of the temperature

v Impact of hygiene practices
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Exposure model: model design

** Mylius et al., 2007 (Cross-contamination model-Campylobacter spp.)

*» Modular design

< Probability distributions =3 e

‘:‘ R 3 . 5 . O - paC kag e : m CZd l(.‘ 1111 tration - Concentration . | (.‘c:ncen;mlmn
ciufg clu'g

2 Monte Carlo simulations: 100.000 iterations b s 25535 RN o SOUROE ... SN,
_ _ ﬁ Pérez-Rodriguez, et al. (2008)
¢ Shared in standardized format .fskx ONTECARL O ANALYSIS
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Technical assumptions

“Models are only a simplified representation of reality”

“* Worst-case scenario

¢ Initially only raw meat is contaminated
*» No growth was considered

¢ Total inactivation of bacteria present on raw meat after grilling
*» Surface instead of weight

* Serving always: grilled chicken meat and bread

Carolina Plaza Rodriguez, 15.11.2022, 6. Workshop Antibiotikaresistenz page 13 E BfR



Probability of contamination

Probability of one cfu to be transferred

Histogram Violin plot Interval plot
(Density histogram + mean) (Kernel density plot + boxplot) (mean + 95% Ci)
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Plaza-Rodriguez, et al., 2021
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L evel of contamination

Number of CFU transferred

Histogram Violin plot Interval plot
{Density histogram + mean) (Kernel density plot + boxplot) {mean + 95% Ci)
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Impact of the temperature on the recontamination of the grilled chicken (60°C vs 90°C)

o MRSA
el X 5.1
O
= 0,0002
c
@© 0,00015
e
=~ 0,0001
O )
>
= 0,00005
; —
© 0
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o
X 3.5
= 2
D
| —
| -
O 15
Y
c
~ 1
| -
e
= 05
(@)
o -
Z 0
N_60 N_90
cfu/portion 1,81 0,506
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Impact of the temperature on the recontamination of the grilled chicken (60°C vs 90°C)

Probability cfu transferred

N° cfu transferred
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Impact of the hygiene practices “What-if scenario”

MRSA

5,0E-06
o
D
=
[P) 4 OE-06
e
(7))
(-
I
= 3,0E-06
-

) 4
O x X X D A
> X x A
= 20E-06 A %
Fs L A
@© A
g 1,0E-06 A
bt A
al A
A
0,0E+00 &
0 0,2 0,4 0,6 0,8 1

pCF: Probability that the raw chicken meat is cut before cutting the bread
A pMF: Probability that the grilled chicken meat is manipulated with the same tong and in the same dish as the raw chicken meat
pRCB: Probability that the cutting board is rinsed after cutting the raw chicken meat and before cutting the bread

ol pRD: Probability that the dish is rinsed
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Impact of the hygiene practices “What-if scenario”

MRSA ESBL- E. coli
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pCF: Probability that the raw chicken meat is cut before cutting the bread
A pMF: Probability that the grilled chicken meat is manipulated with the same tong and in the same dish as the raw chicken meat
pRCB: Probability that the cutting board is rinsed after cutting the raw chicken meat and before cutting the bread
ol pRD: Probability that the dish is rinsed
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Impact of the hygiene practices “What-if scenario”

MRSA

120

100

80

ok Ak & Kk K & A kK kK K «k

40

N° cfu transferred

20

pCF: Probability that the raw chicken meat is cut before cutting the bread
A pMF: Probability that the grilled chicken meat is manipulated with the same tong and in the same dish as the raw chicken meat
pRCB: Probability that the cutting board is rinsed after cutting the raw chicken meat and before cutting the bread

ol pRD: Probability that the dish is rinsed
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Impact of the hygiene practices “What-if scenario”

N° cfu transferred

MRSA ESBL - E. coli
700 700
600 600
500 500
400 400
300 a0 kK K X K K A A Ak A A
200 200
100 100
* A M X L& K KA A A K A
0 0 —
0 0,2 0,4 0,6 0,8 1 0 0,2 0,4 0,6 0,8
pCF: Probability that the raw chicken meat is cut before cutting the bread
A pMF: Probability that the grilled chicken meat is manipulated with the same tong and in the same dish as the raw chicken meat
pRCB: Probability that the cutting board is rinsed after cutting the raw chicken meat and before cutting the bread
ol pRD: Probability that the dish is rinsed
Carolina Plaza Rodriguez, 15.11.2022, 6. Workshop Antibiotikaresistenz page 21

P: BfR



Further information

Received: 28 March 201% Revized: 11 June 2019 Accepted: 11 June 2019

DOl: 10.1002/mbo3.900

SPECIAL ISSUE: ANTIMICROBIAL RESISTANCE

Probabilistic model for the estimation of the consumer
exposure to methicillin-resistant Staphylococcus aureus due to
cross-contamination and recontamination

Carolina Plaza-Rodriguez

Department-Biological Safety, German
Federal Institute for Risk Azzeszment [BFR),
Berlin, Germany

Correspondence

Carolina Plaza Rodriguez, German Federal
Institute for Risk Assessment, Diedersdorfer
Weg 1 D.12277 Berlin, Germany.

Email: Carolina.Plaza- Rodriguez@bfr bund.
de

Funding information

German Federal Ministry of Education and
Science (BMBF), Grant/Award Number:
01KI1014C and 01KI1313B

| Annemarie Kaesbohrer | Bernd-Alois Tenhagen

Abstract

The presence of multidrug-resistant bacteria like methicillin-resistant Staphylococcus
aureus (MRSA) in retail meat is one of the current concerns of the public health au-
thorities. Bacterial cross-contamination and recontamination during household food
preparation could play an important role in the dissemination of such bacteria, and
therefore could contribute to a serious health problem, more specifically for im-
munocompromised people. In order to evaluate the importance of such events, a
probabilistic model was developed to estimate the likelihood and extent of cross-
contamination and recontamination and the burden of MRSA from contaminated raw
chicken meat via hands and kitchen utensils in a serving (consisting on a slice of bread

and a piece of grilled chicken meat) during a household barbecue in Germany. A mod-
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Abstract: Human exposure to bacteria carrying antimicrobial resistance (AMR) genes through the
consumption of food of animal origin is a topic which has gained increasing attention in recent
years. Bacterial transmission can be enhanced, particularly in situations in which the consumer pays
less attention to hygiene practices, and consumer exposure to foodborne resistant bacteria through
ready-to-eat foods could be increased. It has been demonstrated that even methicillin-resistant
Staphylococcus aureus (MRSA) bacteria, which have low prevalence and concentration in raw chicken
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Conclusions |

v" Findings and conclusions based on specific scenarios, data and assumptions

v Probability of consumer exposure to multidrug resistance bacteria through
consumption of grilled chicken meat and bread possibly contaminated from raw
chicken meat appears to be small

Probability of contamination: ESBL - E. coli > MRSA ( X 7.6) (p-value <0.01)

Level of contamination: ESBL - E. coli > MRSA (X 5) (p-value <0.01)

Prevalence and concentration on chicken meat are the most important factors of
consumer exposure to resistant bacteria

The higher the prevalence and concentration, the greater the impact of hygiene
routines on the probability and extent of consumer exposure
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Conclusions |l

Consequences

v Efforts to reduce the use of antibiotics by improving animal health must be further
Intensified in order to achieve a reduction in resistance rates

v" Compliance with good manufacturing/hygiene practices in slaughterhouses and
processing plants

v’ Strict adherence to hygienic measures during household food manipulation:

v' Handling raw meat properly

v" Using different kitchen utensils for raw and RTE food

v" Washing hands and surfaces between different steps of food preparation

v Heating meat thoroughly

v' Raw food of animal origin should not be consumed by vulnerable consumer groups

v" Tips on kitchen hygiene: https://www.bfr.bund.de/en/kitchen_hygiene-194171.html
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