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SCIENTIFIC OPINION

Scientific Opinion on the development of a risk ranking toolbox for the
EFSA BIOHAZ Panel”

EFSA Panel on Biolegical Hazards'
Eurcpean Food Safety Authority (EFSA), Parma, Itzly

ABSTRACT

Eight tool: relevant to rizk ranking of bislogical hazards in food were identified and assessed using two caze
i 1 Ny smdies. Differances in their performance were observed, r=lated to the risk metrics, data requirements, ranking
[FE I::I.L' el AT B\ spproach, modsl tpe, mods] variables and dars imezravion, Quantitative stockastic modals are the mos relizbla
= A L. = ( —— - for risk reming Howsver, this epproach needs zood cherscterizetion of inpur paramessrs. The use of
- dsterministic modals that ignors vanability may result in risk ranking srvors. The ordinal scoring approaches in
I i ri tf-...'- i : ( sammi-quantitative models provide ranking with more smors than the detenministic approaches. FDA (Food and
] - ] : S D Druz Adminisranon}-iRISE was identified 23 the most spproprize tool for risk ranking of microbiolozical
. hazards. The Burden of Communicable Dizeases in Europe (ECoDE) toolkit can be used in combinstion with the
outpurs from FDA-RISK or as & top-dovn tool to rank pathogens. Uncertainty mesds to be addresssd and
communicated to decizion mskers and stskeholders az one of the outcomes of the risk ranking process
Uncarainry and varisbility can be Tepresented by mean: of probebility distmibutions. Techniquss such as the
WUSAD (mumersl, umit, spread sssersment and pedigras) spprosch can slso be wsad to priorinse factors for
sensitivity and scenzrio anzlveis or stochastic modeling, Quantitattve risk ranking modsls are prefersd over
semi-quantitative models. Then data and me consaints do net allow guatitative risk rakmz, ssmi-
quantitative medsl could be ussd, but the limitations of these approaches linked to the selection and integration
«of the ordinal scorss should be made explicit Decizion wess should be uzed onlv 1o show how decizions ars
mads gbout classifvmz food-petiozsn combmation: into brosd catazories. BECODE and FDA-RISE, in
«combination with 2 network of available predictive microbiclogy tools, databases and mformation sources, can
form a risk ranking oolbox and be applied based on = “fit for purpose” spproach supporting Gmely and
transparent risk ranking.

€ European Food Safety Autbority, 2015
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risk ranking, biological harards, uncentainty, varishility, quantitative tools
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Convergencia biodigital en el sector ¢

Desarrollo de “digital twins”de la gran ¢
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Situacion actual J e o e

animals and food in 2021-2022

European Food Safety Authority (EFSA) | European Centre for Disease Prevention
and Control (ECDC)

* Mejora en las tendencias temporales en ESBL-/AmpC-productores in E.
coli) en los ultimos 7 afos.

 Existen resistencias frecuentes en Salmonella'y Campylobacter aislados de
humanos y animales.

« Para Salmonella spp, 15 y 12 paises (26) presentaron una reduccion
significativa en ampicilina y tetraciclina, respectivamente. Salmonella spp.
Sin embargo, cefotaxime (6) y ciprofloxacino (3) tuvieron un aumento de
resistencias.

 Se han reportado E. coli productor de CP en porcino, y vacuno (1 afio) y
ave en 5 paises.

DOI: 10.2903/j.efsa.2024.8583 ' A @g.‘mmm
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Onehealth

Incidence
'=liatl Ganado
Incidence |,;, of Incidence I, of
ARB acquisition ARB acquisition in
in hospitals the community
Total incidence from
Other ARB livestock, food and water Other ARB
sources Iy = 4+, sources
Incidence I, of ARB | Incidence I, of Incidence |, of
acquisition due to | ARB acquisition ARB acquisition
livestock contacts via food via water
Opatowski et al. (2020)
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Risk ranking (datos irlandeses)
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L . monocytogenes

DA: clindamycin;
P: penicillin;
AMP: ampicillin;

: C: chloramphenicaol,

C CIP: ciprofloxacin;
CN: gentamicin;
SXT: Trimethoprim/sulfamethoxazole;
TE: tetracycline;
E: erythromycin;

~E S: streptomycin;

VA: vancomycin;

1) Carne con  valores de
Resistencia  elevada  para
penicilina, estreptomicina,
clindamicina, y gentamicina =

2)  Vegetables con  mayor
Resistencia ampicilina,
tetraciclina, trimetoprima vy S
sulfametoxazol y penicilina.

CN

Porcentajes de resistencias de L.
monocytogenes a diferentes
antibioticos

-

Food Category Dairy Fish Meat Vegetables
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Riesgo alimentario

Microorganismos resistentes Genes de Resistencia (ARGs)

Fruit crops

. 20 cbservations

Food studies Human studies Readytoeat [ ] ® LN ] . 10 observarions
. Prevalence . Prevalence —— ® @ Aok
Articles (n) % (95% Cl) Articles (n) % (95% Cl) @ . ® . .
Culinary herbs . . . @ [}
Gram-negative bacterium
Escherichia coli Pulses & grains ® ° s o
Aminoglycosides 11 32 (19-48) 8 25 (19-31)
p-Lactams 19 56 (45-67) 10 61 (51-70) eetabes @ [ ] ) .. e
Chloramphenicol 8 25 (15-34) 6 19 (8-30)
Fluoroquinolones 12 37 (22-52) 8 38 (18-58) Root crops > ° e ® o °
Sulfonamides 19 48 (30-65) 9 39 (26-52)
Tetracyclines 21 54 (41-57) 9 49 (43-56) s O ® L
Salmonella
Aminoglycosides 31 30 (31-47) 17 44 (27-61) By e e
p-Lactams 42 47 (38-55) 33 56 (47-66)
Chloramphenicol 18 32 (21-43) 18 33 (24-42) | . @ °® . LA © e 0
Fluoroguinolones 42 44 (30-59) 24 50 (40-60)
Sulfonamides 34 42 (29-54) 26 43 (32-54) > © PSS & H S FO TR S P L
Tetracyclines 30 56 (47-64) 27 45 (35-54) éjfdy “Gsp \y"\f "F&‘;‘f e’& & ég&i@\‘ﬁ & ‘fc\ "ﬁ:\f e»d} vf & *’“@’6““* & o*ﬁ
Vibrio parahaemolyticus L
Aminoglycosides 39 45 (36-53) 14 22 (11-33)
p-Lactams 77 77 (71-83) 37 76 (69-82) a .Nmm
Fluoroguinolones 7 13(7-19) 8 19 (-7-44) — o — s @
Sulfonamides 36 14 (10-18) 1" 25 (-1-52) . Disaraton
Tetracyclines 22 14 (11-17) 6 2 (0-4) Sy ond ” S ow i i % y . o lobsenation
Gram-positive bacterium
Bacillus cereus i o . ¥ . é p
p-Lactams 6 94 (91-98) 1 81 (75-86) e . o ® . e
Sulfonamides 3 32 (6-58) 1 66 (60-73) — ° °
Listeria monocytogenes
Aminoglycosides 6 21 (8-35) - - il = 2 °
p-Lactams 13 45 (27-63) 1 54 (38-70)
Chloramphenicol 8 30 (11-49) - - Vegetabies ® . . . S — . o
Fluoroguinolones 9 11 (6-16) 1 62 (47-78)
Sulfonamides 6 11 (3-19) — — Rootcross Y o . e
Tetracyclines 13 22 (15-30) 1 30 (15-44)
Staphylococcus aureus Irigation water [ . . . o .
Aminoglycosides 33 30 (24-36) 2 30 (-12-73)
p-Lactams 45 78 (73-82) 3 68 (32-102) Manure ’ ® o- ® ®
Chloramphenicol 17 16 (12-19) - -
Fluoroguinclones 27 23 (19-28) 1 36 (8-65) sol : . FEREEEE K 900900 - @
Sulfonamides 19 31 (19-43) 2 35 (5-66)
Tetracyclines 43 41 (33-48) 4 28 (4-52)
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Tao et al. 2022 https://doi.org/10.3389/fmicb.2022.906490 Brunn et al. 20221 0-338918
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https://doi.org/10.3389/fmicb.2022.906490

;. Por queée evaluar el riesgo?

¢;Las resistencias a los antibioticos deben considerarse relevante en el
riesgo de enfermedades de transmission alimentaria?

No todas las enfermedades de transmission alimentaria van a
requerir un tratamiento antibiotico. En algunos casos pueden

estar contraindicados (beta lactamicos)

Autolimitantes

Listeriosis invasiva (ampicilina, gentamicina, T-S)

Patogenos oportunistas resistentes, o a través de reservorios (ESBL E. coli)

Holzeletal. 2018 https://doi.org/10.1089/fpd.2018.2501 J & @gm‘wvm
CcelA3 Y~ CORDOBA
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Risk Analysis
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Fig. 1. Structure of Risk Analysis adapted from FAO/WHO report (1997).

Politicas y normativa alimentaria
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http://www.sciencedirect.com/science/article/pii/S0925753501000558#BIB9

Evaluacion de riesgos

Evaluacion del riesgo es un proceso documentado de analisis de datos
cientificos llevado acabo con el objeto de caracterizar los riesgos alimentario

Aldentificacién del peligro sy

I Caracterizacion del peligro
Evaluacion de exposicion
Caracterizacion del riesgo

4

transparencia
Meétodo cientifico

Enfoque de sistemas

' A UNIVERSIDAD
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Evaluacion de riesgos

What are the health
effects at ditferent
exposure levels?

Jose Response Assessment

Hazard ldentification

What afe paténtial
health effects of the

contaminant ¥ Exposure Assessment

What are the
expoiure beveld in
the population ?

https://lwww.foodpackagingforum.org/food-packaging-health/chemical-risk-assessment

Risk Characterization




log(M)

Risk (dose)

Dose
of cells)

| Response
’ ' (illness/infection)

Process steps

J of Applied Microbiology, Volume: 88, Issue: 6, Pages: 938-951, First
published: 25 December 2001, DOI: (10.1046/j.1365-2672.2000.01059.x)

The dose-response function links the : o
INPUT (dose) to the OUTPUT (response)

Fazil, A.M. A primer on risk assessment modelling: focus on seafood products. FAO Fisheries Technical Paper. No.

462. Rome, FAO. 2005. 56p.
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Planteamiento “Bottom-up “
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" Salchichas

| L. monocytogenes in smoked salmon
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| Listeria in table olives
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" New
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Gemelo digital “microbiolégico’
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Onehealth: Consulta de expertos
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Table 1

Estudios de Ev. Riesgos

Revisién hasta 2018

Articles included in the final review.

Year

First Author

Publication

Country of origin

Risk Analysis Type

2002
2008
2017
2001
2002
2001
2002
2013
2017
2004
2017
2004a
2004b
2005
2006
2008
2009
2014
2012
2015
2004
2009
1999
2000
2017
2004
2008
2010
2017
2004
2017
2017
2009
2017
2016
1989
2018
No Date

Alban
Alban
Alban
Anderson
Barza
Berends
Burch
Burch
Chereaun
Claycamp
Collineau
Cox

Cox

Cox

Cox

Cox

Cox

DVFA
Depoorter
Domenech
EFSA
EFSA
EMEA
FDA
Stone
Hurd
Hurd
Hurd
Hwang
Kelly
Nekouei
Njage
Presi
Singer
Singh
Swartz
Toh
Veterinary Laboratories Agency

Preventive Veterinary Medicine

Preventive Veterinary Medicine

Frontiers in Veterinary Science

Food Control

Clinical Infectious Diseases

Veterinary Quarterly

Pig Journal

Pig Journal

British Medical Journal

FDA Center for Veterinary Medicine Publication
Risk Analysis

Risk Analysis

Risk Analysis

Environment International

Risk Analysis

Environment International

Risk Analysis

The Danish Veterinary and Food Administration publication
International Journal of Food Microbiology
Food Control

The EFSA Journal

The EFSA Journal

EMEA publication

FDA Center for Veterinary Medicine publication
Food Standards Agency UK publication
Journal of Food Protection

Risk Analysis

Foodborne Pathogens and Disease
International Journal of Antimicrobial Agents
International Journal of Antimicrobial Agents
International Journal of Food Microbiology
International Journal of Food Microbiology
International Journal of Food Microbiclogy
Journal of Food Protection

Journal of Hazardous Materials

Institute of Medicine

Journal of Food Safety

Unpublished

Denmark
Denmark
Denmark

USA

USA

The Netherlands
European Union
UK

WHO East Asia Region*

USA
Switzerland
USA

USA

USA

USA

USA

USA

Denmark
Belgium

Spain

European Union
European Union
European Union
USA

UK

USA

USA

USA

South Korea

UK

Canada

South Africa
Switzerland
USA

India

USA

Saudi Arahia
UK

Qualitative and quantitative
Qualitative and quantitative

Qualitative
Quantitative
Quantitative
Quantitative
Qualitative
Quantitative
Qualitative
Quantitative
Semi Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Qualitative
Quantitative
Qualitative
Qualitative
Qualitative
Qualitative
Quantitative
Qualitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Qualitative
Quantitative
Quantitative
Quantitative
Quantitative
Quantitative

Caffrey et al. 2019

https://doi.org/10.1016/j.mran.2018.08.002
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Evaluacion de la exposicion

N
( Retail
* Proportion of E.celi-contaminated meat
* Concentration of E.coli in contaminated meat
ki * Proportion of the hazards (resistant/total)
=
e ™
Transportation
* Time in transport from stores to home
L *  Temperature of the meat at home )
< -
(" Home storage )
* Type of home storage (refrigerator vs. freezer)
* Temperature in home refrigerators
» Time to consumption for the meat
G » Effect of freezing on the hazards g,
2 oy
Cooking
* Internal temperature of cooked meat
L * Model parameters for thermal inactivation y
- >
( Consumption )
* Serving size of cooked meat
W * Model outcomes .

Fig. 1. Conceptual model illustrating five modules in the quantitative exposure assess-
ment conducted to predict human exposure to antimicrobial-resistant E. coli (to cef-
triaxone and tetracycline) through the consumption of cooked ground beef in Western
Canada. Each module includes a number of input variables used in the final model.
Descriptions pertaining to each module are detailed in the text.

ceftriaxone- and tetracycline-resistant E.coli

S
11?

(logo CFU/gr)

[
L#s]

| L
. B

Concentration of the hazrads

—
o
L

Cl Cz C3 C-i

Fig. 2. Box-plot illustrating changes in distributions of the concentration of the hazards
(ceftriaxone- and tetracycline-resistant E. coli) in ground beef during the 4 stages of the
exposure assessment (C,; at retail; C; after transportation; C, after home storage; C, after
cooking). Boxes represent 25th percentile, mean, and 75th percentile of the concentration
distributions. Whiskers indicate 5th and 95th percentiles of the respective distributions.

o

Nekoueietal. 2018 https://doi.org/10.1016/].ijffoodmicro.2018.02.022 celA3
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https://doi.org/10.1016/j.ijfoodmicro.2018.02.022

QMEA de Escherichia coli resistente a beta lactamicos en carne de ternera en, UuS

The average number of organisms (CFU)

per serving of beef product at the time of consumption

Zhang et al. 2022 https://doi.org/10.3390/microorganisms10030661
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Estudios de Ev. Riesgos
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Evaluacion de Riesgo

Listeria monocytogenes resistente

L L e P
bl L T Tt T e

Microbiological isolation of
Listeria monocytogenes using

Retail poultry shops in Mansoura \ f,f '.\

v. I Paleam agar 2 Y
City, Egypt or L_M“h cular idc::i.‘l.'i;atiun ) £ S Sitaciadt ik
lﬁg r;{NA‘ gene > 8% of the snmples

Worker hands (50 person)

Biofilm formation detection using " " el bl i Virulence identification by PCR
Public health Risk Assessment Christensen’s test tube method Antihloticausceptiiiify: ceat sereening for plAd, actd, and fap genes
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Fig. 3 The whole work flow of the current study including the results highlighting the potential human risk iliness associated to consumption
of contaminated poultry with L. monocytogenes isolates

Zakaria & Sabala 2024  https://doi.org/10.1186/s12866-024-03183-x celAs




Dinamica de las resistencias

Las bacterias desarrollan cambios en sus patrones de resistencias..

Genes de Resistencia (ARGs) en el ambiente (vegetales)
Transmision horizontal de ARGs (l)

Dinamicas poblacionales (ll)

Efecto de los parametros de proceso sobre la (lll):
modulacion de resistencias intrinseca
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cccccccc
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Resistencias de la granja a la mesa
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Resistencias de la granja a la mesa

“Top-down”

Feaces | = = Diaz-Martinez a et al. (en preparacion)
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Transmision horizontal de genes |

Las bacterias intecambian genes en el alimento y lumen intestinal

 Genes de la familia erm-1 y bla pueden ser conjugados en lumen intestinal y
alimentos.

« Salmonella spp. puede recibir ARGs de cepas de E. coli, como ampicilina,
kanamicina, y tetraciclina.

093/jme/tjw005

« Elevada densidad poblacional, y alta actividad metabdlica®.

 Condiciones ambientales de estrés, pueden incrementar las tasas de

Transferencia de ARG (por ej. sobreexpresion de las integrasas en respuestas
SOS)*.

*Ashbolt et al. 2013 https://doi.org/10.1289/ehp.1206316
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Dinamicas del gen tetM

Genus Species |Strain origin
Enterococcus faecium 544 amon curado
ENnterococcus faecium 546 amon curado
Enterococcus Taecalls 533 Fuet
Enterococcus tfaecalls 534 Fuet
Enterococcus Tfaecalis old amon curado
PedlococCccus aclidilactici [ /05 amon curado

Lactiplantibacillus | pentosus | 399 Fuet
Lactiplantibacillus paracasel 539 Lomo embuchado

Ensayos de “Filter mating” en sistemas modelo de productos carnicos

Transconjugados

Bolivar a et al. (in preparation) ' E;,Ag




Transconjugacion del gen tetM

Transconjugation Assay Results

L. monocytogenes HB21 o X o o d

=
o
% 544
< L. monocytogenes 3254 x x x 4 18522 bp
o
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o
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Modulacion de Resistencias

Proteccion cruzada

Adaptacion acida-> fAMR

Cloruro de benzalconio->TAMR

T NaCl & Temp-> 1 AMR (AMP, VAN, TET)
6 and 12% NaCl/pH =5/ T=10 °C-> 1 AMR

Susceptibilidad cruzada

Kang and Seo (2020) inform¢é que L.
monocytogenes adaptada a ambiente acido
presentd menor resistencia a diversos

antibioticos.

En el contexto de los biocidas, la toleracia a
desinfectantes no siempre incrementa Ila
resistencia a los antibidéticos Roedel et al.

(2019)
N ENI\"ERSIDAD
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Coste metabolico

Plasmid pUUH239.2 obtenido de un Klebsiella pneumoniae multiresistente

relative growth rate

—_—
—

—

0.9

|

Escherichia coli MG1655 transconjugantes

Pii bty

O X N

O no plasmid
O CTXM
0 non-CTX-M

*

]
Rajer & Sandegren (2022).
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Coste metabolico

Escherichia coli

En meta-analisis multinivel, diferencias entre ARGs transferibles tales como |la Beta-
lactamasas, y mutaciones en genes centrales (resistencias fluoroquinolona vy

rifampicina).

La acquisicion de ARGs impone una menor carga metabdlica que las acumulacion
de mutaciones.

Vanacker et al. (2023)

B-Lactamasas y tetA resultan en mayor coste cuando estan sobreexpresados.

Rasouly et al. (2021)
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Coste metabolico

“La mayoria de los mecanismos de
resistencia a los antibioticos estan
asociados con un coste, que influye en el
desarrollo de la resistencia..”

Mutaciones compesatorias

La pérdida de resistencia a la tetraciclina codificada por plasmidos estimé un costo metabdlico de una
reduccién del 0.7 % en la tasa de crecimiento. Basandose en este parametro, se necesitan 1.5 anos para
reemplazar la poblacidn resistente.

Anderson et al. (2010)
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Antibiotic

Fermentacion vs. resistencias
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Caracterizacion del peligro

KEY EVENTS PATHWAY: L. monocytogenes intake and potential fetal death

INTAKE OF CONTAMINATED FOOD

TAY

Do not survive Pathogens survive in upper G tract

v/ N\

Do not establish, etc.

Establish; attach; taken up into epithelial cells

I-P / \ p

Do not escape

Escape from phagosomes; transfer to phagocytes

Interplay of host 1-P / \ p

and pathogen
can influence
progression at Do not transfer
VAroUs events

Transfer across placenta

1P / \ p

Do not grow Grow; resulis in fetal mortality

Buchanan et al. (2009)

Response

20+

309

201

10+

2

4

Concentration
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Caracterizacion del peligro

Los modelos dosis respuesta basados en microorganismos no resistentes

Suponiendo curvas similares a las infeccidon por poblaciénes resistentes*

Diferencias en probabilidad condicional infeccion X enfermedad: e.g. inmunodeprimidos bajo
tratamiento antibidtico **

Escases de modelos DR con microorganismos resistentes***:
* Basados generalmente en datos epidemiolégicos

* Dificultad de encontrar asociaciones entre microorganismos resistentes en alimento,
humanos y en casos clinicos.

*Nekouei et al. 2018 https://doi.org/10.1016/j.ijfoodmicro.2018.02.022

**Ashbolt et al. 2013  https://doi.org/10.1289/ehp.1206316

s**Hglzelet al. 2018 https://doi.org/10.1089/fpd.2018.2501 J 2 @gﬂmw
CelA3 CORDOBA
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Caracterizacion del peligro

a Pathogenic bacteria Infection Foodborne disease

b Toxinogenic bacteria Intoxication

C Colonizing bacteria Colonization

Severe/systemic

infectious disease

g’ Severe/systemic

intoxication

No foodborne disease

Infection il ) Antibiosis

e — o

O 6;“’* Self-limiting infection No /
2PA Self-limiting intoxication symptomatic
¢4 treatment

Symptomatic
treatment

Extraintestinal
manifestation

**Holzel et al. 2018 https://doi.org/10.1089/fpd.2018.2501

En el proceso infectivo:

* Resistencias de novo (ARG Yy iARG)

 Dinamicas de competencia resistentesy
sensibles

* \Virulencia*

Tratamientos

Modelos tradicionales, e.g., single-hit, no
abordan la respuesta de la fase clinica o de
tratamiento

UNIVERSIDAD
b
CeIA3 MR
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Percent survival (%)

Percent survival (%) M

Percent survival (%) =

!

Percent survival (%)

100

Caracterizacion del peligro: Virulencia

Curvas de supervivencia de G. mellonella infectada con S. enterica resistenges vs. no resistentes.
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En la mayoria de los casos, existe mayor

supervivencia en la variante parental

Solo AMP-5 and AMP-7 redujo las tasas de

supervivencia ) reduced the survival rates, lo que

implica mayor virulencia

Se correlaciona con la capacidad de invasion
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Caracterizacion del peligro: Virulencia

Hay datos que evidencian que los patogenos resistentes son mas virulentos que su forma parental o
susceptible (Barza 2002; Helms et al. 2004, 2005; Travers and Barza 2002), pero no en todos los casos
(Evans et al. 2009; Wassenaar et al. 2007).

L. monocytogenes: Feromona PplA promueve PrfA (virulencia) con homologia cAD1, feromona sexual
gue también expresa en respuesta a antibiéticos como tetraciclina, eritromicina o cloranfenicol, lo que
facilita la adquisicion de genes de resistencia a antibiéticos (ARGs) por Enterococcus spp.

Genes de ARG y viceversa comparten sistemas regulatorios (Schroeder et al., 2017). Este es el caso
del complejo VirR y VirAB, donde se demostré que genes regulados por VirR, responsables de la
resistencia a antibiéticos (como anrB y dltD), se expresaron cuando una cepa de L.
monocytogenes fue expuesta a nisin, afectando la eficiencia de propagacion célula a célula
durante la infeccion.

Ashbolt et al. 2013 https://doi.org/10.1289/ehp.1206316
Diaz-Martinez et al. 2024. https://doi.org/10.1080/1040841 X.2024.24*""‘"" u
NS
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pQMRA

* Distribucion de resistencias y rutas

HAZARD IDENTIFICATION

Hazard = food commodity + AMR microorganism
and/or determinant + antimicrobial agent

Susceptibilidad de resistentes a factores de

+  AMR gene(s)

*  AMR genels) comtext

proceso (supervivencia/crecimiento)

Growth and survival ability profile

HAZARD CHARACTERIZATION EXPOSURE ASSESSMENT

* Proteccion y susceptibilidad cruzada

Adjustment of growth Description of hazard
and survival capacity sources: geographical
from farm to fork

Adjustment of
survival capacity
in the human gut

1

1

1
Probability of — N New incursions 5
the hazard to Abattoir/Processing |4— of the hazard '
be along the food !
I

I

I

1

1

1

]

* Interaccion microbiana (competencia)

Prediction of Adjustment of dose-

clinical outcomes response relationship
(treatment failure,
severity, duration)

transmitted Retail |4— chain (cross-

from one

contamination)

step to the
next Food preparation |

Dose-response

s Transferencia horizontal de ARGs

Consumption |" ——————————————— L

|
[T ] * Virulencia vs. Resistentes (Dosis-respuesta)
S

RISK CHARACTERIZATION

pel

*  Variability adjusted to the
strains of interest to the model
*  Uncertainty reduced by WGS-

E:;nzr‘jﬁ:-l!:::icm-:nnf phenotypic Human p::;:-kulzlt'ion at . . ., .
RCLTICI [ * Previa exposicion (Dosis-respuesta)

Food consumption
volumes

per year

I DALYs per year |
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Conclusions

* Un enfoque de Evaluacidon de Riesgos “Bottom-up” en el estudio de los
factores de riesgo

* Nuevos métodos en las Ev. Riesgo tradicionales para las dinamicas
microbioldégicas de las resistencias:

* Evaluacion de la Exposicién
* Caracterizacion del Peligro

* Cuantificacion de la resistencia antimicrobiana y su efecto sobre las
dinamicas microbianas (supervivencia, transferencia, etc.) > nueva
generacion de modelos predictivos.

* Mejora de metodos para caracterizar y analizar mejor los genes de
resistencia a los antimicrobianos (ARG) y la dinamica de la resistencia

antimicrobiana (AMR) a nivel fenotipico y genotipico.
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- y have no relationship genetically with the strains which
include vancomycin/resistant to antibiotic/or having
resistance and virtilence genes. In this chapter,
important features of enterococci, the role of food chain
for ARE especially, VRE infections in community

including strategies for future solutions about the
problem are summarised.

* M. Terkuran et al. 2019
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