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L'AMENACA DE LA RESISTENCIA ANTIMICROBIANA

—~ w0

AMR IN 2050
10 MILLION

AMR IN EU/EEA
DEATHS #5000

anfa deaths per year IN EUROPE.
700,000 B2 MILLION L 390,000

[low estimate] deaths per year

from influenza, Ao Bt 2014

HIV/AIDS,
e i
]-E M“_U[”'u [ECDC, 2018]
15 ML
' ROAD TRAFHC /
—| ACCIDENTS
1.2 MILLION

AMR: antimicrobial resistance (resistencies antimicrobianes)
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2050

Les dues regions més afectades

IN AFRICA IN ASIA
4.1 million 'f 47 million

deaths per year

}% deaths per year
' IAMR Review, 2014]

‘. ' [AMR Review, 2014]
el |

Morts anuals atribuibles a la RAM

= North

America Asia

e 317,000 |£,?30,000
4
:- N A
Africa “E"‘mk.
4,150,000 ' ;
_ ' Oceania
atin
America 22000 e
392,000 7

Maortality per 10,000 population

'OMS ha declarat que les resistencies antimicrobianes (RAM) sén una de les 10
principals amenaces mundials per a la salut publica a que s'enfronta la humanitat

Font: Healthcare without Harm
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PRINCIPALS IMPULSORS DE LES RESISTENCIES ANTIBIOTIQUES

Bl
P 1

1:1'

L.r_'__

eematin

RPN . . Vendes d’antimicrobians Consum mundial
70% dels antibiotics son usats per animals P
P per Us animal a 25 paisos d’antimicrobians en el
. sector ramader
US EN curopeus PERO

ANIMALS

67%
expected

75-90% dels antibiotics excretats
dels animals: no metabolitzats

Entre 2011 i 2017 Del 2010 al 2030
(EMA,2019) (UN Environment,2017)

[ <1% del total d’antibiotics s’usen en agricultura]
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PRINCIPALS IMPULSORS DE LES RESISTENCIES ANTIBIOTIQUES

Els EEUU (55%) i la EU (24%) son els majors consumidors

de medicaments humans del mon
(Deloitte, 2016)

ﬁ Als EEUU, el 30% de les A Europa, 1 de cada 3 pacients o
-  prescripcions d’antibiotics ingressats en hospitals reben
“ soninnecessaries almenys un agent antimicrobia
. (CDC, 2016) (OECD, 2016)
US EN =
HUMANS Fins al 50% de tot el
consum d’AM en
I'atencio sanitaria
humana a nivell
El 30% dels mundial pot ser
medicaments inadequat

administrats per via (OECD, 2016)

oral sdn excretats en
forma de substancies &
actives en les femtes i

orina dels pacients
(Deloitte, 2016)
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PRINCIPALS IMPULSORS DE LES RESISTENCIES ANTIBIOTIQUES

A la majoria dels paisos EU, el
) 50%-90% del medicaments no
utilitzats no es recullen o retornen

a les farmacies (s, 2013)

CONTAMINACIO
AMBIENTAL

& S’ha estimat que 75%-50% dels antibiotics
U son excretats no metabolitzats pels animals
1 i arriben als sistemes de tractament
d'aiglies i a les fonts d’aigua (rao, 2019)
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EL MEDI AMBIENT

Els medicaments poden entrar al medi ambient Eliminacié inadequada dels
en totes les etapes del seu cicle de vida antimicrobians

& t"el m v

| PRODUCCIO | US|

ELIMINACIO

Llencar-los al
vater o al lavabo

emmagatzematge
de fems i purins

Llencar-los a les
escombraries

aplicacié de fems i purins i
residus de fermentacid

Els sistemes de tractament d'aiguies residuals sén inadequats per a I'eliminacié
completa dels medicaments (principis actius) de les aigiies residuals
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» El tractament de les aiglies residuals té un paper
crucial en el control de les RAM.

> Les EDAR solen eliminar només el 80% dels farmacs i
els seus metabolits.

» Fins i tot amb els metodes més avancats, un 10%
dels farmacs romanen a l'aigua tractada.

EDAR: estacié depuradora d’aiglies residuals; RAM: resistencia antimicrobiana.
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& REDUCCIO DE L’US D’ANTIBIOTICS:

'ﬂ'ﬂ\i ANEM PEL BON CAMI?
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Animals

e HUManNs

EI
5]

Mitjana ponderada per la poblacié del consum total d'antimicrobians en humans (a) i en animals de producciod (b) a 27
paisos EU/EEA (c) per als quals es disposava de dades tant per a humans com per a animals de produccié (2014-2018).
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Europa va pel bon cami per lluitar
contra les resistencies als antibiotics

133%

Cefalosporines de
3a i 4a generacio

2011-2020 for polymyxins
Disminucid de les vendes d’antibiotics per Us veterinari

lv 4 3 0/ (0 ?f ! i 160%

vendes globals en 25 Polimixines i cefalosporines s’utilitzen per

En alguns paisos

dels 31 paisos de Ia T o i = tractar infeccions greus en pacients
xarxa ESVAC S T D causades per bacteris resistents a la majoria

dels tractaments — aixo salva vides

La disminucié en un 60%
en alguns paisos indica el
... pero cal fer-hi més potencial per reduir I'ts
d’antibiotics en animals
en els altres paisos
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Canvis en les vendes (mg/PCU) agregats per 25 paisos de la EU (2011-2020)

18

180
161.4 . i
16 160 Cefalosporines 3a i 4a gen.
Altres quinolones
14 140
m Fluoroquinolones
12 120 Polimixines
10 100 —4&— Vendes totals
Q § en mg/PCU
Eﬁ 8 86.6 80 Eﬁ
6.60
¢ 0 19/25 paisos |, >5%
a 270 %0 4/25 paisos T~ >5%

8 331
2.76 2.69 2.84 2.58

2.9
2.53 2.27 2.42 2.23 2.21
20
1.07
0.90 0.67 0.64 0.53 0.42 0.38 0.27 0.18 0.16
0.24 0.25 0.25 0.26 0.24 0.21 0.19 0.18 0.15 0.16
0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

2.87 2.75

d

! Austria, Belgium, Bulgaria, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland, Ireland, Italy, Latvia,

'#huania, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden and the United Kingdom.
PCU: population correction unit
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Distribucid espacial de les vendes globals d’antimicrobians per als animals de
produccié en mg/PCU (30-31 paisos)

2016 2020
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PCU: population correction unit

W Generalitat de Catalunya 9
W¥ Government of Catalonia



Distribucio espacial de la prevalenca de presumptes E. coli productores de BLEE,
de pollastres

2018 2020
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Resistencia antimicrobiana en bacteris zoonotics i bacteris indicadors
d'humans, animals i aliments el 2019/2020 (EFSA)

= RAM en Campylobacter i en algunes soques de Salmonella es mantenen
altes.

= Campylobacter aillats d’humans i aviram continuen mostrant una
resistencia molt alta a la ciprofloxacina, un antimicrobia d'us habitual en
clinica humana.

" La resistencia combinada als antimicrobians d'importancia critica -
definida com la resistencia a dos antimicrobians diferents- és baixa en
Campylobacter, Salmonella i E. coli.

RAM: resisténcia antimicrobiana
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Associacions entre el consum d'antimicrobians i la RAM en humans i animals

Cefalosporines de 3a
i 4a generacid

Fluoroquinolones i
altres quinolones

Aminopenici.lines

=

-

RAM en bacteris d'animals de
produccié (porcs, aviram,
vedells)

IRTA’
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Salmonella

& ©

RAM en bacteris d'animals de
produccié (aviram)

C. jejuni

}

RAM en bacteris
d’humans

C.

Jjejuni

&

Macrolids I

@.

Tetracicllines I

v—1i

v—1

®

%

w
L
L
L

o4

Consum d’AM en animals
de produccié

®

Consum d’AM en humans



Resistencia a antimicrobians en C. jejuni i C. coli d'animals en Estats Membres de la
UE (2019-2020)

C. coli

(a)

% 'microbiological’ resistance

GEN: gentamicina;

C. jejuni

Resistance

Occurrence of resistance in C. jejuni, food-producing animals, 2019-2020
JceNn DsR O TET @ WRY [ CIPERY

100 s
)
gl
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?]T
60 ;] s
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r 9 :
20 ’
o Qo Q
s [ |
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0+ sl . & o8 & o -y - 4 @

C. jejuni - Calves - 2019
(N =498, 4 MSs)

C. jejuni - Broilers - 2020
(N =3382, 27 MSs)

ciprofloxacina i eritromicina.
N: Nombre total d’aillaments declarats per tots els Estats Membres (MSs); Linia horitzontal representa mediana; Diamant blau: resisténcia nivell
dels MS que reporten (incloent UK); Diamant verd: resistencia nivell dels MS que reporten (excloent UK, 2020).
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estreptomicina; TET: tetraciclina;

C. jejuni - Turkeys - 2020
(N =1066, 9 MSs)

(b)

% 'microbiological’ resistance

Occurrence of resistance in C. coli, food-producing animals, 2019-2020

Resistance to:
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C. coli - Pigs - 2019

(N=1174, 8 MSs)

C. coli - Calves - 2019
(N=67, 2 MSs)

C. coli - Broilers - 2020 C. coli - Turkeys - 2020

(N =388, 7 MSs)

(N =567, 3 MSs)

ciprofloxacina; ERY: eritromicina; CIP/ERY: resisténcia combinada ‘microbiologica’ a




Resisténcia a antimicrobians en aillaments de C. jejuni i C. coli d’humans (2020)

Resistonceto: [J or [ ey @ e @ s @ orERy

100 - T
g Fi
: i
.g 50
E : :
8 254
|
- % .
0 - -y i . % _f_j
C. jejuni C. coli

, ciprofloxacina; TET, tetraciclina; ERY, eritromicina; GEN, gentamicina; CIP/ERY, resisténcia combinada ‘microbiologica’ a ciprofloxacina i
eritromicina.
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Proporcions d’aillaments de Campylobacter totalment susceptibles, resistents a
1 o 2 classes d’antibiotics i MDR d’animals de produccio (2019-2020)

C. jejuni - Broilers - 2020
(N=3382, 27 MSs)

C. jejuni = C. jejuni- Turkeys - 2020 -
(N= 1066, 9 MSs)

C. jejuni - Calves - 2019 -
— (N =498, 4 MSs)
C. coli - Broilers - 2020 I - .

(N=2388, 7 MSs)

C. coli - Turkeys - 2020
C. coli (N=567, 3 MSs) [ - 21.0%
. COIl -
C. coli - Pigs - 2019
(N=1174, 8 MSs) I
C. coli - Calves - 2019 e
-~ (N=67, 2 MSs) ’D - 26.9%

I T 1

1 | 1
0% 20% 40% 60% 80% 100%

[ Completely susceptible isolates [ Isolates resistant to 1 or 2 antimicrobial classes [l MDR isolates

N: Nombre total d’aillaments reportats pels MSs de la EU . MDR: Resistencia a 3 o més classes d’antibiotics.
Susceptibilitat total es defineix com a susceptibilitat a ciprofloxacina / ac. nalidixic, eritromicina, gentamicina i tetraciclina.
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Proporcio d’aillaments MDR, resistents a 1 o 2 classes d’antibiotics i
totalment susceptibles d’humans (2020)

C. jejuni —— L
(N =7,447, 9 MSs + 1 Non-MS) 3%
C.coli .. o 75
(N=1,067, 8 MSs + 1 Non-MS) =/
T T T T

0 2,000 4,000 6,000 8,000
No. of isolates
[ Completely susceptible isolates [ Isolates resistant to 1 or 2 antimicrobial classes ll MDR isolates
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Tendéncies temporals de la resisténcia en C. jejuni de pollastres d’engreix

Resistance to: CIP ERY I STR B TET
Denmark Finland Sweden United Kingdom
100 - .
CIP: ~ CIP: » STR:»
80 - CIP: » CIP- A

STR:~ STR:u

60 - ' ' TET: » /._,/’_'
TET:~ TET: u
40 - STR:x
TET:~
2 Mv‘f; ._/\5.
._ - =3

D - > 4“?"%&.4‘”4“3%--‘&"#{ — P )
I I 1 ] I I 0 0 0 1 1 0 | T I T i ] T T ! T T T T | T
13 SO SO, SO, YD, SO SO, Sh. Y Y SH. S vh v 0. 0 @0 \30 \:’0 T.)O -rb 90 90 90 Tjo 90 )
oooooeovoeoo oooooeovoeo(?%ooobevec?o% . e %
Spain Italy France Germany
100 -
CIP: Clp: 2
60 — TET:5 _ //’a\\"
STR:u
40 - CIP:x o TET: : TET:» <
20 — ERY:u xﬂ | 5TR: A /
0_ !f‘%w 3 . _ - L 9—-—3“"-1%__..’—9———’/
I I I I I I [ [ [ 1 ! | [ ] I 1 1 1 [ 1 1 1 1 1 | [ 1
. O eo ) \30 \30 \30 < \:’0 0. SO \30 90 vb D . Y. Y. D Y. . . S Y. . . <2
W U % oe,}eé,000o,boeo,foeoc?oooooooeo,foeo(?o

W Generalitat de Catalunya 9
W¥ Government of Catalonia




Tendéncies temporals de la resisténcia en C. coli de pollastres d’engreix

Resistance to: CIP ERY I STR W TET
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Iniciatives recents adoptades per la UE per reduir la RAM en la produccid d'aliments

& Prohibicio de I'Us d'antibiotics per a la 2011-2016 Pla d’Accio
promocio del creixement Hm contra les amenaces

creixents de la RAM

2013

Designaci6 de la RAM com una amenaga transfronterera greu | ¢ ¥y-=-.
per a la salut, obligant als estats membres a supervisari | : :
informar sobre I'Us correcte d'aquests medicaments E
2017 2022
@ Pla d'accié europeu One Health Nou reglament de
Cy contra la RAM medicaments
2.0 veterinaris
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La nova normativa sobre medicaments veterinaris (Reglament
(UE) 2019/6) i pinsos medicats (Reglament (UE) 2019/4) va
entrar en vigor a la Unid Europea a partir el 28 de gener de 2022

Noves mesures per lluitar contra les RAM:

* Prohibicié de I'us profilactic i restriccions a I'is metafilactic d'antimicrobians (AM).

Ratificacio de la prohibicié de I'ds d’AM com a promotors del creixement i del rendiment.
* Possibilitat de reservar certs AM només per a humans.
* Obligacio dels EM de recopilar dades sobre la venda i I'is d’AM.

 Animals i productes importats de fora de la UE: prohibicio dAM per a la promocidé del creixement i
restriccions d’AM reservats per a us huma.

Objectiu: reduir en un 50% les vendes globals d'antibiotics utilitzats a la UE en animals de granjaii
aquicultura per al 2030
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Since 2010

voluntary participation increased
from 9 to 31 countiries

Collaboration that works

—

EMA monitors sales of
antibiotics for veterinary use
in Europe to promote their
prudent use

=

EMA/ESVAC annual report

ESVAC- European Surveillance of Veterinary ‘ S @

informs experts, /

$ promates the policymakers and the l'\

responsible use of general public N\
antibiotics in Europe

Antimicrobial Consumption
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Plan Nacional

Resistencia
Antibioticos

A Espanya, les mesures per garantir I'Us responsable dels antibiotics es van plasmar en el Pla
Nacional de Resisténcia als Antibiotics (PRAN) = llancat el 2014 seguint una directiva de la
Comissio Europea.

Objectiu: reduir I'Us generalitzat d’antibiotics.

4. 3 5. %

;,"Hfr’.ﬂgc"i%'.‘,"“ Comunicacion

AN Generalitat de Catalunya I;
W¥ Government of Catalonia




Plan Nacional
Resistencia

Antibioticos

M\ Consum d’antibiotics /PRAN 2014 - 2020 \
2014-2020: 4, 32,4% : .
Espanya ocupava les primeres posicions del
’ ranquing en consum d'antibiotics.
v' Vendes d’antibiotics 2020: 6é dels 25 paisos de la UE amb |la major
" 2014-2020: { 56,7% \reduccié del consum d'antibiotics. /

Espanya: 418,8 mg/PCU (2014) > 172,4 mg/PCU (2019).
Mitjana EU: 107 mg/ PCU, Vet. antibiotics.

\

Programa REDUCE ANTIBIOTICOS
Voluntari

PCU: population correction unit
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Plan Nacional

Resistencia
Antibioticos

Programa REDUCE ANTIBIOTICOS- Porci ﬂ

2016: Acord per a la reduccio voluntaria de |'Us de colistina (5 mg/PCU) en el sector porci espanyol, en 3 anys.

Resultats després de 6 anys:

e > 230 productors de porci donen suport al Programa.

* Reduccio de practicament el 100% de I’Us de colistina =2 52 mg/PCU a 0.4 mg/PCU.

 Es un exemple de bones practiques per als productors de porci de la UE.

* Espanya ha passat de les primeres posicions en consum d'antibiotics d'importancia critica (CIA, categoria B)

als paisos amb menor consum.

PCU: population correction unit
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INFORME ESVAC

Distribucion espacial de las ventas de polimixinas para uso veterinario (mg/UCP)*

ESPANA
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Plan Nacional

Resistencia
Antibioticos

Programa REDUCE ANTIBIOTICOS- Avicultura ,

2018: Acord per I'ts prudent d’antibiotics en pollastres d’engreix en el sector avicola.
e Reduir un 45% I'Us global d’antibiotics, en 2 anys.
* Reduir un 80% I’Us de colistina (1 mg/PCU).

 Determinar l'antibiotic més adequat en cada cas.

Resultats 2-3 anys més tard:
* >97% productors de pollastre d’engreix que donen suport al Programa.
 >71% reduccio de I'Us global d’antibiotics.

* 97% reduccié de I'Gs de colistina (0,33 mg/PCU).

PCU: population correction unit
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ESPECIE

REDUCE COLISTINA
EN PORCING

Programa
Colistina

REDUCE
ANTIBIOTICOS EN POLLOS

PORCINO 2016

POLLOS 2012

Programa BROILER
Reduce y* '
Antibidticos ”»

REDUCE
ANTIBIOTICOS EN
CUNICULTURA

Programa
Reduce
Antibicticos

CONEJOS. 2018

REDUCE
ANTIRIOTICOS EN BOVING BOVING
DE CARNE D
peTiTup. 20
Programa CARNICA
Reduce
Antibidticos
REDUCE ANTIBIOTICOS EN
OVING ¥ CAPRING DE CARNE i
QVING DE
APTITUD 2019
Prograrma CARNICA

Lce
Antibidticos

IRTA’

REDUCE
ANTIHIOTICOS EN BOVING
LECHERD BOVING.
Programa DEEMM
Reduce i
Antibidticas

REDUCE
ANTIEIOTICOS EN
PECHUEROS ANIMALES
PERROS Y

Programa GATCS

Reduce ﬂ)
Antibidticos

REDUCE
ANTIRIOTICOS
EM PAVCS

Programas FRvES

Reduce
Antibidticos

REDUCE
ANTIRIOTICOS BN
AVICULTURA DE PUESTA

I *mrrl 0]
Anhhiéticos y*

GALLINAS

2018

Fa

2020

2020

REDUCE
ANTIHICTICDS
EN CABALLDS

Frcﬁ..'urrn
Antibidticos & ’

REDUCE ANTIEITICOS
BEM OVING ¥ CAPRIMO OE
LECHE

redice”

Mhhlﬁti:

REDUCE
ANTIBIOTICOS EN
PISCICWHTURA

Progrims el

Reduce
Antibioticos <

CABMLOS 2020

OMINDG DE

aluapuad

PECIFACTORIAS 2021




CLASSIFICACIO DELS ANTIBIOTICS PER A US EN ANIMALS PER A UN US PRUDENT | RESPONSABLE

Categoria A Categoria B
Evitar Limitar

e Quinolones/FQ

» Los antibidticos en esta categoria no estan » Los antibidticos en esta categoria tienen una e Polimixines
autorizados como medicamentos veterinarios en la importancia trascendental en la medicina humana y su
UE. uso en animales debera limitarse a fin de mitigar el

* Cefalosporines

riesgo para la salud publica. i
32-43 generacio

» No deben usarse en animales productores de

alimentos. » Se consideraran unicamente cuando no haya
antibidticos de las Categorias C o D que puedan ser
» Pueden administrase a animales de compafiia en clinicamente eficaces.

circunstancias excepcionales.
= Su uso se basard en pruebas de susceptibilidad

antimicrobiana, siempre que sea posible.

Categoria D
Prudencia

Para los antibidticos en esta categoria existen » Se usaran como tratamientos de primera linea,
alternativas en la medicina humana. siempre que sea posible.

Para algunas indicaciones veterinarias, no hay » Como siempre, se usaran con precaucién, y solo
alternativas pertenecientes a la Categoria D. cuando sea necesario desde el punto de vista médico.

Se consideraran solo cuando no haya antibioticos de
la Categoria D que puedan ser clinicamente eficaces.

https://www.resistenciaantibioticos.es/es/lineas-de-accion/vigilancia/antibioticos-criticos
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Prevencid de malalties Ped
infeccioses sense oSl

target specific pathogens
antibiotics

¢

EFFECTIVE BIOSECURITY

=
(@
Us prudent i

acts as a broad-range filter of infectious agents medicament eficient
dels antibiotics

Gestio integral de la
salut animal

H’H‘J“Qrﬂ

GOOD ANIMAL HUSBANDRY
forms the basis of disease prevention
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Utilitzar els antibiotics amb prudencia és utilitzar-los correctament. S'han de
seguir les sis R quan s'utilitzen antibiotics:

1. Diagnostic veterinari correcte
2. Animal correcte

3. Antibiotic correcte

]
4. Dosi correcta (- |
5. Durada correcta }
6. Emmagatzematge i durada correctes
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EL MEDI AMBIENT: FAUNA SALVATGE | RESISTENCIES A ANTIBIOTICS

Zoonotic foodborne bacteria

N‘~ Campylobacter spp.

Salmonella enterica subsp. enterica

High virulence potential

Prevalence
61% Genotypes y
shared with

AQ~ "

3% ]

Interactions
H Wild boar populations A
increase and expansion

(+]

Potential public
health risk

Castillo-Contreras et al. 2022. Sci.Total Environ. 822: 153444
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EL MEDI AMBIENT: FAUNA SALVATGE | RESISTENCIES A ANTIBIOTICS
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C. jejuni i Salmonella practicament a totes les colonies de gavines

Gavia de pota groga: 69 serovars Salmonella

Gavina d’Audouin: 21 serovars Salmonella

5.2% Campylobacter spp =2 20.2 % AMR
20.8% Salmonella spp = 51.5% AMR / 19.2% MDR

Antilles et al. 2021. Sci.Total Environ. 763: 143018




Transit aeri mundial
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Moviments migratoris dels ocells

b 4 :
BirdLife http://www.seabirdtracking.org/index.php
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Tan poc com sigui possible,
tant com sigui necessari




9. Gracies per la vostra
atencio !

\ Generalitat de Catalunya
Departament d’Accio Climatica,
Alimentaci¢ i Agenda Rural



L’us d’antibiotics en
avicultura i estratégies
d’éxit per a la seva reduccié

Jornada técnica
Bellaterra; dijous 29 de setembre de 2022

Salut intestinal i produccié N —

10.10h  Benvinguda i presentacio de la jornada

i m ! g : 10.15h  L'as prudent d’antibiotics a la UE: situacio actual i
msjors smenacss per 8 la eakut hums im la importancia d'una aproximacio “"One Health” per
e h :_ : o lluitar contra les resisténcies a antibictics

Sra. Marta Cerda, Investigadora del programa Sanitat Animal
de II[RTA-CReSA

Joan Tarradas, Joaquim Brufau, Borja Vila

Salut intestinal i produccid avicola sense antibiotics
Sr. Bona Vila, mvestigador del programa de Nufricia Anirmal

I RTA N utri C i O, An i m a | - ; W : : f;rl;::sFT;i’anﬁbiéiim en avicultura:

experiencia d'éxit d'una integradora avicola
Sr. Javier Cebollero, vetennarn avicola de la Corporacid
Alimentaria Guissona S.A

Jornada Tecnica PATT 2022 ————

UAB 29 setembre 2022 Corims syt s g, 245% Cloondadelojomat

tranaterencia tecnological del POR de Catalunya.

Lioc de realitzacic Organitzacio

Sala de grous de la Faculat de'\/etenrara Departament d"Accio Climatica,
Exificl V. Campus de la UAB Alimentaddi Azenda Rural CRESA

08193 Bedatera (Cerdanyoia des Valigs|
D!putncin
Bnrnelonn

A.hmdel'ﬂ‘ﬂh Inssripeiony

Generalitat de Catalunya q t Dﬂparﬁm;ﬂiﬂkl:lﬁ Climiitics,
W¥ Government of Catalonia WAL Alimantacit | Agends Rural

1 xarxa-i.cat
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Deaths attributable to antimicrobial resistance every year compared to other
major causes of death

AMR in 2050

o El col-lapse dels antimicrobians convencionals

Tetanus Cholera Measles AMR

60,000 100,000 - 120,000 130,000 700,000 oo . . . L.
» Antibiotics en dieta (us NO terapéutic) — 72% efecte positiu (Rosen, 1995)
. * Millora del creixement & FCR — 3 a 5% (Choct, 2001; Dahiya et al., 2006)
. . . * Reduccio de la mortalitat
Road traffic Diarrhoeal Diabeles Cancer
o T L * Pressio selectiva molt elevada erradicacié bacteriana
Source; Review on Antimicrobial Resistance 2014 .
» Efecte negatiu
Desths attributable to antimicrobial resistance every year by 2050 * Aparicié bacteris multi-resistents a antibiotics (potencial amenaca per als

humans) — prohibicié us AGPs a la Unidé Europea (2006)

» Escherichia coli multi-resistents (dins la llista prioritaria de 'OMS-2017) en
avicultura: estudi prospectiu (2019-21) a Espanya (274 soques, totes
multi-resistents) — baixa freqliencia de resistencies a cefalosporines,
polymixina i fluoroquinolones; perd elevats nivells de resisténcia a
I’eritromicina (100%), tilosina (98%) o penicil-lina (97%); disminucio al
llarg dels anys (maneig/bio-seguretat), sols lincomicina incrementa.

North America .
317,000

392,000 4150000 W

¥

4 (Sevilla-Navarro et al., 2022)

Latin America ¥ Oceania 4l
22,000 ¥

(O’'Neill J, 2014)
Introduccié Salut intestinal Futur? Terapies anti-viruléncia Conclusions
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Z u ]e pe [ vE] ]~ HEFSA:-2026)
Revisio de les mesures aplicades i el seu impacte sobre les AMR

Revisio desenvolupament cientific de possibles alternatives als antibiotics

Avaluacio de I'impacte d’aquestes alternatives sobre les AMR

vV V V V

Avantatges i desavantatges d’aquestes alternatives

-y

L Py

EUROPEAN MEDICINES AGENCY
SCINCE MEDIGINGS HEALT EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 1 December 2016 (EFSA BIOHAZ Panel), 8 December 2016 (EMA CVMP)

doi: 10.2903/j.efsa.2017.4666

EMA and EFSA Joint Scientific Opinion on measures to
reduce the need to use antimicrobial agents in animal
husbandry in the European Union, and the resulting impacts
on food safety (RONAFA)

EMA Committee for Medicinal Products for Veterinary Use (CVMP) and EFSA Panel on
Biological Hazards (BIOHAZ),

Introduccié Salut intestinal Futur? Terapies anti-virulencia Conclusions
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Je pe [ vE] ]~ HEFSA:-2006)
Revisio de les mesures aplicades i el seu impacte sobre les AMR
Revisio desenvolupament cientific de possibles alternatives als antibiotics

Avaluacio de I'impacte d’aquestes alternatives sobre les AMR

Avantatges i desavantatges d’aquestes alternatives

Compounds and live microorganisms used as alternatives to antimicrobials

« There are numerous published papers that discuss the potential of compounds and live
microorganisms that may be used as alternatives to antimicrobials in livestock production. A
very limited number of the recent studies have been conducted in the EU.

* Only a limited number of studies provide robust scientific evidence that conclusively prove that
the above agents are successful alternatives, positively affecting health parameters in animals.
Some of the published papers describe the use of alternatives for the reduction of disease risk.

» Study design to assess the efficacy of alternatives to antimicrobials is a key issue. The
endpoints differ according to the type of claims. In many cases, alternatives have been
compared with antimicrobial growth promoters (AGPs) for which the endpoints are the growth
and feed parameters, which are not particularly relevant in this context.

e | A positive impact on animal health parameters has been demonstrated for some of the

alternatives considered. These include: organic acids, probiotics, competitive exclusion,

synbiotics, passive immunisation, bacteriophages, immunomodulators, Zinc oxide, clay minerals
and teat sealants. Evidence on the efficacy of these alternatives, associated risks and specific

knowledge gaps are listed in Section 4.4.

*» Gaps in knowledge limit the use of alternatives to antimicrobials in animal husbandry in
the EU:

— there are very few cases in which data on the same agent used as alternative to

antimicrobials are reported in more than one study;

— most of these studies demonstrate the efficacy of these agents, but very few are clinical

trials or provide robust data to demonstrate the efficacy according to the methodology
recommended in market authorisation criteria as feed additives or veterinary medicines.

Salut intestinal Futur? Terapies anti-viruléncia Conclusions
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Programes nacionals PRAN t REDUCE

>0]es [ vS]Ju] B} ] ve [« A OolUe]yh VvV ZHU \
18 antivirals, 1 antiprotozoari) - Reglamento de Ejecucion (UE)
2022/1255 de la Comision de 19 de julio de 2022

Introduccié alut intestina Futur? Terapies anti-viruléncia Conclusions
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Resistencia i virulencia
» Forma d’accid dels antibiotics convencionals
* Inhibicié/regulacié d’enzims involucrats en
= |a biosintesi de la paret cel-lular
= e| metabolisme dels acids nucleics

= |a sintesi proteica
* Disrupcio de la membrana cel-lular

4

Alta pressio selectiva sobre les comunitats bacterianes en contacte amb l'antibiotic

|

RESISTENCIES
ANTIMICROBIANES

(Schroeder et al., 2017)

Introduccié Salut intestinal Futur? Terapies anti-virulencia Conclusions
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Resistencia i virulencia

Mecanismes i transmissio de resistencies antimicrobianes i factors de resistencia

Classic Determinants

Woome O Gt %
R Vs
o o e

Overprotection *

of target mimic Factor u 0

associated Drug Drug
protection modification degradation

z
g
i
o
:
B
:

Resistencia a antibiotics:

Figure 1. The transmission and mechanisms of antibiotic resistance and virulence can be divided into
adaptive resistance, innate resistance, and acquired resistance. Environmental factors can prompt
physiological changes and lead to: (1) elevated mutation rates; (2) changes in metabolic genes and
regulatory processes; and (3) a host of classic antibiotic inactivation and resistance mechanisms
(classic determinants). Such resistance and increased virulence can potentially be shared among
bacteria leading to acquired resistance.

(Schroeder et al., 2017)

Introducci6 Salut intestinal

AN Generalitat de Catalunya q
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M Taxa de mutacié
Canvis en el biofilm
Alteracié de la diana de I'AB
Permeabilitat cel-lular
Bombes de flux

Transferencia gens

'adquisicio de resistencia a antibiotics esta totalment
relacionada amb l'increment de la viruléncia i viceversa

Futur? Terapies anti-viruléncia Conclusions
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Increment de la virulencia

Viruléncia: capacitat dels bacteris d’infiltrar-se, colonitzar i causar malaltia a I’hoste.

La transmissid de les resistencies als antibiotics i als factors de virulencia tenen mecanismes paral-lels.
Mecanismes de viruléncia

* Molecules d’adhesié — habilitat d’adherir-se i crear biofilms

* Invasio del teixit — sobre-expressio d’enzims que trenquen la membrana cel-lular

* Competicio per recursos — Fe

e Evasidiinhibicié del SI

e Secrecio de toxines
* Motilitat bacteriana

* Plasmids de virulencia

La regulacid dels gens de virulencia pot influir 'expressio de
gens de resistencia a antibiotics i viceversa

Figure 3. Summary of virulence factors commonly recognized.

(Schroeder et al., 2017)

Introduccié Salut intestinal Futur? Terapies anti-virulencia Conclusions
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Regulacid de la virulencia i de les resistencies a antibiotics
Regulacié genetica:
* Modificacions post-transcripcionals

* Ribo-regulacié

* Factors ambientals (preséncia antibiotics)

* Transferencia gens viruléncia Quorum Sensing
&

Two component systems

e Resposta a estres

* Formacio biofilm

Biofilm Genes

- 2
NG Transcription Factors %

aduURISISAY Juolquuy paiendal-dn

Up-regulated Virulence factors

Virulence Genes *—— Antibiotic Resistance Genes

/

Ribo-regulation

Figure 4. Common regulatory mechanisms act as a connection between virulence and antibiotic
resistance. Quorum sensing and two component systems upregulate biofilm genes, which in turn
upregulate quorum sensing molecules that in turn influence virulence and antibiotic resistance genes.
Up-regulated virulence and antibiotic resistance genes serve to upregulate quorum sensing and two
component systems and complete the cycle.

(Schroeder et al., 2017)

Introduccié Salut intestinal Futur? Terapies anti-viruléncia Conclusions
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Salut intestinal

Visio general dels mecanisme d'accid i beneficis dels promotors del creixement i dels additius en la produccid i salut avicoles
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(Dhama et al., 2014)
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Salut intestinal

,g Ql\ combinacio
Fal L% ), .
g A )

3 P de diferents

Probiotics )
Y '.- alternatives
@ - W lligat a un
Antimicrobial o O bon maneie |
peptides \ Prebiotics ) g
bio-seguretat

Antibiotic
: alternatives
N\ &
1 =
Hyperimmune Organic acids
Ig¥y /
o M
Others
(Bacteriophages, Phytogenics
Clay) (Essential oils,
Oleoresins)

wWarious classes of antibiotic alternatives that are available for use in poultry production.

(Gadde et al., 2017)
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Epiteli intestinal

» Barrera de defensa altament especialitzada que confina la microbiota i evita I'entrada de patogens, perd mantenint la
seva funcio principal — absorcié de nutrients

» El tracte intestinal — barrera de >300 m? als humans, amb una

Small intestine Large intestine
. . s defensa per capes
e
% °o i o ! ouer 59@0 0°‘9§§?&0;O@“W‘ * Mucus
sIgA mucous ?&Qﬁ 0 é& e Epi |
Lumen Q 0 layer %(_g ﬂ Q%O 0 00 plte |
o 09 g o AMPs 7 by b * Lamina propia (cel-lules de resposta immune innata i

mucous

_99@____ &‘QB'G %0 0 . % .
%00 ° | thg;@ Inner Heg 9 0% :ee adaptatlva)

6}
9 1 .
00 o o 00 layer * Unions estretes
- i - :
! afiplcall » Separacio6 fisica de la zona apical i baso-lateral
22 Enterocyte Colonocyte . Tiéﬁt ..G'e'ble'_t .
cell junction  cell
@_J‘L@ plgR
[Ticell  NK-22
£ N slgA-producing
plasma cell
Lamina propria -

(Maynard et al., 2012; Peterson & Artis; 2014)
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(Maynard et al., 2012)
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NATURE REVIEWS [ IMMUNOLOGY
VOLUME 4 | DECEMBER 2004 [ 953

WAR AND PEACE AT MUCOSAL
SURFACES

Philippe |. Sansanctti

Abstract | That we five with numesous boctena mour gut without any adverse effectsisa
remarkztle feat by the body's mmune system, parbcdary consdenng e wealin of sensing
anid sffestor systemsa that ane avaiable io tnoger mlammaiony ar NNEE MMURS Esponsss io
rcrobia mirusor. 5o, a fine fne seema to ewist betwesn e homeostatic belance mantansd
inthe presence of commeneal gt florz and the necessarnly destructive respones to bactensd
pathogens that mvads the gut mucosa. This rewew dscusses e mesharismes for establishing
and comtroling {ne 'deiogus’ betkesn unresponavensss and ndiafion of actve mmune
defences n the gut. Sivis acam, pas befum, {if youressh for peace, prepare for war)
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Regulacié de la inflamacio

» Les cél-lules de I'epiteli intestinal (IECs) expressen receptors de reconeixement de patrons (PRR) — sensors de 'ambient
microbia que participen activament en la induccio de la resposta immune

» PRRs — reconeixement d’estructures microbianes foranies o molécules endogenes associades a patogeénesi
(Microbe-Associated Molecular Patterns, MAMPs)

Commensal bacteria

resposta
PRO-INFLAMATORIA

o

NLRP3,

ANTI-INFLAMATORIA e
= @

nflammasome

L=

\ (=] \ 1.
O
O g 1B EGFR
@ @ andIiL-18 TILRLI‘Z' L'I'LRI L4, APRIL, BAFF, IL=25,
S, 9 retineic acid, TGFR © ® @ EGFR ligands

and TSLP S 9

(Peterson & Artis; 2014)
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» Efecte directe sobre el patogen

» Interaccido amb les cel-lules immunologiques —
pcitosines pro-inflamatories —
ninflamacié pgana nNcatabolisme muscular

> Efectes sobre la microbiota

e canvis en la estructura i la diversitat Alternativa ideal a|S antibibtics

* pcapacitat d’induir inflamacio

., ) ) > Modus d’accié ~ als antibiotics
* Nrecuperacio energia dels nutrients

 Microbiota

N[SCFA] (expressié de gens immunitat / microbiota)

. . ° .7
millora del rendiment Immunomodulacié

 FCR /ADG
» Efectes sobre els patogens

(Niewold, 2007; Huyghebaert et al., 2011; Cho et al., 2012; Cox et al., 2014; Gadde et al., 2017)
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Probiotics
Objectiu — establir un micro-ambient a l'intesti que afavoreixi a microorganismes beneficiosos i redueixi la colonitzacié
de patogéenics (exclusid competitiva)

* Ambient hostil (producci6 acid lactic, SCFAi ppH)

« Competicid pels nutrients <=

* Produccié i secrecio de substancies antibacterianes (bactericines)

* Interferéncia del Quorum-Sensing

* Impedir 'adhesio i translocacié de bacteris patogenics ot il

 Manteniment de I’homeostasi cel-lular 0;;5% 0.::*? Oq, y =
* Regeneraci6 de cél-lules epitelials Woe o ;_.‘i.k.,.:':..k.:“ fZJL’f ; .

+ Inhibicié apoptosi s - %
* Modulacio citoesquelet 5 Compeive VK }c “rF & SRR aiics ey

* Increment sintesi mucines ‘== fancion R o

%

e Reducci6 toxics (amoni)
» Reduccio citocines pro-inflamatories ==
* Increment slgA <mmm

® ActivaCié Ii mf(\)CitS int ra_epitelia IS - Enhanced IIII!.!;:‘ il;.:nullil_l ., — [
A Blood ~-_’<\k/'n;i=ﬁ"-. _l-tcs_ Z f\. 1L-10

(Vila et al.,2010; Gadde et al., 2017; Khalighi et al., 2016)
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Reduction of Salmonella enterica var. Enteritidis colonization and invasion
by Bacillus cereus var. toyoi inclusion in poultry feeds

B. Vila,*! A. Fontgibell,* 1. Badiola,t E. Esteve-Garcia,* G. Jiménez,i M. Castillo,} and J. Brufau*

2009 Poultry Science 88:975-979
doi:10.3382/ps.2008-00483

Table 1. Summary results of performance variables (replicate = pen) for the whole trial period (1 to 42 d) from combining inoculat-
ed'-treated” (IT) or inoculated'-untreated (IU) groups of birds (Ross 308 broiler chickens) from experiment 1

Item n BW (g) ADG (g) FCR? (kg/kg) EPEF® Dead (%)
IT 6 2,164 + 38.0 50.6 + 0.91 1.831 + 0.01352 256 + 11.8 8.9 + 3.51
U 6 2,023 + 39.1 47.3 + 0.93 1.891 =+ 0.01389 225 + 12.2 11.7 + 3.61
vu* 2 2,113 + 65.9 49.4 + 1.57 1.864 =+ 0.02342 221 + 20.5 18.5 & 6.09
Estimated differences

IT - IU 140.8 + 54.51 3.35 + 1.298 —0.06023 + 0.01939 31.2 + 16.97 —2.80 + 5.039
P-value 2 g g 0.116 0.599

IT - UU 51.5 & 76.04 1.23 + 1.811 —0.03327 + 0.02704 34.6 + 23.68 —9.59 + 7.029
P-value 0.523 0.523 0.265 0.195 0.222

IU — UU —89.3 & 76.57 —2.13 + 1.823 0.02696 + 0.02723 3.4 + 23.84 —6.79 + 7.078
P-value 0.288 0.288 0.360 0.892 0.375

Table 2. Results of microbiological analysis from ceca for determination of the presence/absence of Salmonella enterica var. Enter-
itidis in experiment 1 (number of birds with presence of Salmonella/total number of birds sampled; replicate = bird; Kruskal-Wallis

test)

Treatment Day 3 Day 7 Day 10 Day 14 Day 17 Day 28 Day 42
Inoculatedy,y 5* untreated (IU) — 1/4 0/4 — — 2/4 0/4
Inoculatedy,y 5 treated® (IT) — 1/4 2/4 — — 1/4 0/4
Inoculatedy,; ; untreated (IU) — — 0/4 2/4 — 4/4 4/4
Inoculatedg,, ; treated (IT) — — 1/4 1/4 — 2/4 0/4
Inoculated gy 14 untreated (IU) — — — — 0/4 1/4 1/4
Inoculatedg,y 14 treated (IT) — — — — 0/4 0/4 0/4
Uninoculated untreated 0/4 0/4 0/4 0/4 0/4 0/4 0/4
U 7/12 5/12
IT 3/12 0/12
P-value 0.105 *|
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Prebiotics
Ingredient del pinso no digerible amb efecte beneficids per a I’hoste

Tipus — Polisacarids No Amilacis (NSP), Oligosacarids (MOS, FOS, inulina ...)
* Enriguiment selectiu de microorganismes beneficiosos
* Impedir la colonitzacié de patogens
* Unid fisica
* Alteracié de la microbiota
* Exclusié competitiva

* |nduccid de bactericines ®
s @

e Acid lactic

* SCFA @

* Immunomodulacid ¢
- ( :<: &
@Pmbioﬁc O Prebiotic } Bad Bacteria

(Gadde et al., 2017; Khalighi et al., 2016)
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Dietary p-galactomannans have beneficial effects on the intestinal
morphology of chickens challenged with Salmonella enterica serovar Enteritidis

J. Anim. Sci. 2015.93:238-246
do1:10.2527/7as2014-7219

M. T. Brufau,* R. Rlanin-\’enegas,*z
A. M. Guerrero-Zamora,* A. M. Pérez-Vendrell,” B. Vila," J. Brufau,” and R. Ferrer*

BGM n# cél-lules caliciformes & producciéo de moc nlongitud villi & superficie epitelial

padhesio Salmonel-la als receptors de I'epiteli  p# cel-lules M (caracteristiques d’animals infectats)
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The Journal of Nutrition. First published ahead of print June 29, 2016 as doi: 10.3945/jn.116.232546.

The Journal of Nutrition (‘
A occludin Nutrient Physiology, Metabolism, and Nutrient-Nutrient Interactions AS‘N)

Salmosan, a B-Galactomannan-Rich Product,
Protects Epithelial Barrier Function in Caco-2
Cells Infected by Salmonella enterica Serovar
Enteritidis’>

M Teresa Brufau,? Joan Campo-Sa bariz.* Ricard Bou,” Sergi Carné,’ Joagquim Brufau,® Borja Vila®
Ana M Marqués,” Francese Guardiola,® Ruth Ferrer,* and Raquel Martin-Venegas**

Control

occludin Z20-1 actin

SE

B 4 40
30 30 -
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20 20 20
10 | I i 10 I 10 l
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Control S-pGM Control S-pGM Control
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FIGURE 3 Recovery of tight junction protein localization by S-BGM
in Caco-2 cells infected with Salmonella Enteritidis. Occludin, Z0O-1,
and actin confocal images (A) and Fi calculated from these images (B)
in cuftures incubated for 3 h in the absence (control) or presence of
S. Enteritidis (MOI: 10) and S. Enteritidis plus 500 pg S-BGM/mL. The
results shown are representative of 3 experiments. Fl, fluorescence
intensity; MOI, multiplicity of infection; SE, S. Enteritidis; S-BGM,
Salmosan; Z0-1, zonula occludens protein 1.

SE+ S-BGM
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Acids Organics
Acids mono-carboxilics (formic, acétic, propionic i butiric) o

Acids carboxilics amb un grup hidroxil (lactic, malic, tartaric i citric)
Modus d’accio (atribuit a 'activitat anti-bacteriana)

* Reduccié de pH al tracte gastrointestinal superior (pap, proventricle, pedrer)
Canvis fisiologics en la mucosa intestinal

 Alteracid microbiota — eliminacié bacteris patogenics ( ppH)
* Increment bacteris beneficiosos tolerants a ambients acids (Lactobacillus spp.)
* Reduccido competicié nutrients

Increment digestibilitat nutrients ( Nretencid proteina & mateéria seca; nabsorcid minerals)

Millora de la salut intestinal — efectes directes sobre les cél-lules de I'epiteli intestinal (fonts d’energia)
Immuno-mOdUIaCJé — n[SCFA] — Brain Metabolic Control

Adipose

‘ Acetate
I
-

Muscle Appetite Regulation

Pancreas Body Composition
~

Immune Function

Propionate

UOJ}BIIURIUOD
anssi|

Butyrate

Tissue exposure

Figure 1. The gut lumen is the major site of production but the concentration gradient falls from the lumen to the periphery with selec-
tive uptake of butyrate at the epithelium, propionate at the liver and acetate in the periphery. The significance for host physiology of

(Gadde et al’ 2017’ Mornson et al’ 2016) this biological gradient is poorly understood.
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Efecte immunomodulador dels SCFA

3\\ I}ber '{‘ }.-SGFAI +

".‘E.,.,-,rhmr.,, ﬁé}‘ e,.,. .
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l‘:ytokmes
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-
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Antimicrobial peptides @
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Figure 2 The SCFAs are bacterial fermentation products found in high concentrations in the intestine. These metabolites act as a link between the
microbiota and the immune system. |ECs uptake SCFAs through passive (mainly, the non-ionized form) and active mechanisms. Once inside the cells, they
are partially l In addition, these SCFAsJficrease the expression of antimicrobial peplidessecreted to the external surface by
epithelial cells (2) and diodulate theirr production of immune mediators imoluding IL-18, a key cyfokine Tor the repair and maintenance of epithelial integrity,
and others cytokines and chemokines (3). SCFAs can also regulate the differentiation, recruitment and activation of immune cells: including neutrophil (4),
DCs (5), macrophages (6) and T lymphocytes (7). In this context, SCFAs interact with neutrophils and modulate their recruitment, effector function and
survival at the tissues (4). In general, these bacterial metabolites present anti-inflammatory effects including reduction of some pro-inflammatory cytokines
such as TMF-x and IL-12 production by macrophages and DCs, and change their capacity to capture antigens and stimulate T ecells. In addition, the SCFAs
also modulate the proliferation and differentiation of T lymphocytes through direct effects on these cells (for example, inducing the generation of Tregs) (7).

(Corréa et al., 2016)
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Veterinary inmunology and limmunopathology 162 (2014) 24-32

ELSEVIER

Contents lists available at ScienceDirect

Veterinary Immunology and Immunopathology

Effect of butyrate on immune response of a chicken
macrophage cell line™

Z.Y.Zhou™", B. Packialakshmi"“¢, S.K. Makkar"<, S. Dridi¢, N.C. Rath"*

journal homepage: www.elsevier.com/locate/vetimm
Table 2
The effect of Na-butyrate on the expression of target genes with and without LPS stimulation of HTC cells analyzed by quantitative RT-PCR.
Genes Control Butyrate (1 mM) LP5 (400 ng/ml) LPS (400 ng/ml)+butyrate (1 mM)
IL-1B8 1.00 £ 028 0.89 £ 0.16 7414+ 21,747 18.61 £ 5.027
1L-4 1.00 = 0.26 0.80 = 0.13 1.06 = 037 054 4+0.12
IL-6 1.00 = 0.17 1.11 £0.18 1193.41 = 308.97" 61.56 £ 16.137F
IL-10 1.00 £ 0.18 0.87 £ 0.08 7.98 £ 1.707 148 £ 0217
[FN-y 1.00 = 0.28 1.02 =018 773 +258" 0.44 + 0.107%
Tp4 1.00 £ 0.30 070+ 021 0.82 =040 0.28 £ 0.12
MMP-2 1.00 £ 0.26 1.24 £ 0.15 0.64 £ 024 0.44 £ 0.21 - 60
TGF-B3 1.00 =034 024+ 005 0.37 = 0.09° 0.06 £0.01°
" P<0.05 as compared to control (without LPS and butyrate). 50 *

“ P<0.01 as compared to control (without LPS and butyrate).
## P<0.01 as compared to cells stimulated with LPS.

L

(=1
I
E-s

Fig. 6. Effect of butyrate on phagocytic activity of HTC cells. (A) A typical
field of cells exhibiting phagocytosis of carboxylate-madified fluosphere
latex beads ( »200 magnification). (B) Quantitative results of phagocyto-
sis. The data represent mean £ SE (n=6).*P < 0.05 compared with control.
##P<0.01 compared with LPS stimulated cells.

Phagocytic rate (%)
(o) W
(= (=]

(o=
o

0
Lps  — - +
Butyrate — + -

+
+

Introduccio Salut intestinal

. Futur? Terapies anti-virulencia Conclusions
() Serorment se ey IRTA Salut intestinal i produccid avicola sense antibiotics




Peptids AntiMicrobians (AMPs)

Peptids curts sintetitzats per diverses formes de vida LL-37 Humad Lctoleics

Accid antimicrobiana - _
* Directe — creant porus a les membranes cel-lulars %“WWWP
* Indirecte — modulant el sistema immune

* Ampli espectre i no generen resistencies

Human [-defensin 1 Indolicidin

ﬁ ﬁ Unfolded AMPs M | ) N\ ._
|

_ ___ﬁ_{’*
) R ra— [~ | J / _

%

FIGURE 2 | Peptides representing the three main categories of the
secondary structures of AMPs. LL-37 and human lactofarmicin represant
a-nelical peptides, human p-defensin 1 represents p-sheet peptides, and

Translocation indelocidin repressnts extendsd/random-coil structures. Structures are from

Barrel-stave model

% E E E im Protain Data Bank in Eurcpe (PDB id codes 2kio, 1z6v, 1kj5, and 1g89).

Carpet model

3

Membrane disruption Intracellular targets

FIGURE 3 | Schematic illustration of bacterial killing mechanisms by AMPs.

(Mahlapuu et al., 2016)
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D} ue [ ]

Modulacio del sistema immunitari

* Estimulacio quimiotaxi
* Diferenciacio cel-lular
* Inici immunitat adquirida

!

* Eliminacio de patogens
* Reduccio inflamacio

(Mahlapuu et al., 2016)

Introduccio

IRTA’

m Generalitat de Catalunya

W¥ Government of Catalonia

0 * \AntMMigrobians (AM Ps)

Pathogen insult n

c?
‘o

Pathegen recognition via PRRs

PRR

Epithelial cells

Endotoxin-binding N
Macrophages

LS AMPs
T R

Pathogen-stimulated release of

"N

Pathogen-stimulated release of chemokines:

proinflaimmatory cytokines: \L IL-8, MCP-1
TNF-u, IL-1p, 1L-6
Neutrophils /’\—7
= Monoeytes |
t°
Harmful inflammation and sepsis risk ¢ *.'7_ ' ‘/,
o

Immune cell recruitment T

Dendritic cells

Differentiation of immune cells and
initiation of adaptive immunity

Bacterial clearance 'T

FIGURE 4 | Schematic illustration of immunomodulatory activities of AMPs. Pathogen recogniticn via pathogen recogrition rec

captors (PRAs), such as TLAs,

by epithielial calls, macrophages, and dendritic cells, leads 1o kiling via phagocytosis as well as releaze of proinflammatory cytokines and chernokings by thase calis,
that subsequently stimulates the eerutment of additional immune celis to the site of infection. In addition, pathogen insult will lead to maturation of dendritic calls and
subsequent inftiation of adaptive iImmlmnity. AMPs indirectly promote pathogen clearance by stimulating chemotaxis and immune cel| differentiation, while also
preventing hamiul inflammation and sepsis by inhibition of proinflammatony cyltokine release and direct scavenging of bactenal endoetexins such as LPS. Up-or

down-regulation of responsss by AMPs s indicated by gresn arrows.
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Tissue expression and antibacterial activity ‘®“™
f h d f .d i h. k Lee et al. BMC Veterinary Research (2016) 12:231
; Ost detense peptl o9 HTETHEREN DOl 10.1186/512917-016-0866-6

Mi Ok Lee™?!, Hyun-Jun Jaﬂg‘ﬁ, Deivendran Rengargj Ly Seo-Yeong Yang?, Jae Yong Han', Susan J. Lamont®
and James E Womack'~ o

()
8
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T

Fig. 2 Antimicrobial activity of chicken HDPs against Ecoll, £ coli (6 x 10%) were incubated with indicated amounts of peptide for 2 h and cell viability
was compared to untreated cells. Nineteen chicken HDPs were tested under 5 uM concentrations (@) and 12 HDPs that showed more than 90 % killing
activity in 5 UM treatment were selected for assay at lower concentrations (0.5, 1, 2.5, 5 UM) (b). Each bar represents the mean + S.D. value of at least
three independent experiments. Non-treated cell considered as 100 % cell viability and peptides treated cell viability was compared and calculated in
percentile. *** indicate p £ 0,001, ** indicate p = 001 and * indicate p £ 005

Fig. 4 Scanning electron micrographs of cathelicidin-induced cell membrane damage. Scanning electron micrographs of £ coli with no treatment
(control, a and b) or treated with cathelicidinl (CATH1, c and d), cathelicidin2 (CATHZ2, e and f), cathelicidin3 (CATH3, g and h), or cathelicidinB]
(CATHBI1, i and j). The rectangle as shown in the large-scale image
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Yeast 3-p-glucans induced antimicrobial peptide expressions against

Salmonella infection in broiler chickens International Jeurnial of Biological Macromolecules 85 (2016) 573-584

Yujing Shao?, Zhong Wang™*, Xiangyu Tian”, Yuming Guo®, Haibo Zhang®

Induccid de la seva expressio a l'intesti Table 4

Salmonella and lactic acid bacteria counts (Log ;5 CFU/g) in the cecum and internal organs of chicks treated with dietary yeast B-p-glucans and challenged with Salmonella.

AvBD-1 Items SE¢ 7d.p.is 15d.p.i

Salmonetla Lactobacillus Salmonella Lactobacillus

9 %ﬁfﬁfgﬂﬁ‘w Cecum Liver Spleen Cecum Cecum Liver Spleen Cecum
& r Glucan (mgfkg)
g 7 0 — 0.00° 0.00° 0.00¢ 8.22 0.00° 0.00¢ 0.00° 8.15
g 0 + 7.042 3922 4.107 721 4292 1262 1.16% 8.05
2 5. : 200 = 0.00° 0.00¢ 0.00° 8.52 0.00° 0.00¢ 0.00° 8.38
B | |SEeka o | 200 . 5.29° 2920 281° 7.46 2.16° 062 051" 8.12
£ i il SEM*® 0.148 0.136 0.145 0.169 0.089 0.137 0.124 0.10
5 31 o W ghuicant-iSE()
2 B o e Main effect
1 5 gucants]oFi{+] 0 3.52 1.96 2,05 7.71b 215 0.63 0.58 8.09
- 8 B 3 200 263 1.46 1.41 7.992 1.08 0.31 0.26 8.25
7del 15dpl Challenged 6.17 3.42 345 7.340 323 0.94 0.84 8.08°
Days of infectian (D) AvBD-4 Non-challenged 0.00 0.00 0.00 8.372 0.00 0.00 0.00 8.26%
- P-values’
55 Glucan 0.016 0.031 0.027 0.001 0.003 0.006 0.004 0.070
50 S8 o Fe0032 | Challenged <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.043
45 iatio AAS Glucan = challenged 0.004 0.003 0.002 0.690 0.001 0.003 0.001 0.291
g :: 2bcyalues are the mean and pooled standard error of the mean (SEM), n=6 chickens/group.
:’f = d SE=Salmonella enteritidis; —, without Salmonella enteritidis challenge; +, with Salmonella enteritidis challenge.
i 2 ® SEM, standard error of the mean.
2 s f P-values represent the main effect of the diet, the main effect of Salmonella challenge, and the interaction between the dietary treatments and Salmonella challenge.
B [ —— £ d.p.i=days post-infection.
15 B glucant 5E(s)
W clucani=)SE(J
10 ) glutant#ioE()

5
oo

15 dpi
Days of infection

Fig. 3. Relative mRMA expression of endogenous antimicrobial peptides in the jejunum (A-F) of broiler chickens fed diets with or without yeast [3-D-glucans at 7 and 15.days
after orally challenged with Salmenella enteritidis or PBS buffer (pH 7.2). Each bar represents the mean and standard error (n=8). P-values represents the main effect of the
diet (glucan effect), the main effect of Salmenella challenge (SE effect), and the interaction between the dietary treatments and Salmonella challenge. *P*Bars with different
letters were significantly different (P<0.05).
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Enzims

Proteines actives que faciliten la hidrolisi dels nutrients en molecules mes petites permetent una millor digestid i absorcio
Efectes directes sobre la digestibilitat
* Increment en la digestibilitat de nutrients no degradats per absencia d’enzims endogens (acid fitic)

* Eliminacio de I'efecte d’encapsulacio de nutrients per polisacarids de paret cel-lular i increment en la disponibilitat
de midd, aminoacids i minerals

* Inactivacid de factors anti-nutritius (acid fitic o NSP solubles) i reduccié de la viscositat intestinal
* Increment en la solubilitat dels NSP insolubles i promocio de la fermentacid en cec

* Suplementacié d’enzims endogens que poden ser insuficients, especialment en animals joves amb un sistema
digestiu encara no desenvolupat en la seva totalitat

Efectes indirectes sobre la digestibilitat

* Reduccio de substrats no digerits
* Generacio d’oligosacarids de cadena curta a partir de NSP de paret cel-lular amb potencials efectes prebiotics

Aquests mecanismes influeixen en la suplementacié de nutrients i en 'ambient intestinal alterant la pressio selectiva de
les poblacions bacterianes

(Choct, 2009; Bedford and Cowieson, 2012, Kiarie et al., 2013; Gadde et al., 2017)
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Performance of broilers vaccinated for coccidiosis 12th European Poultry Conference, Verona (Italia) 2006
and fed low or high non-starch-polysaccharides diets
with or without enzyme addition

M, FRANCESCH", J. BRUFAU', €. CARNICER’ and €. ESCODA?

FCR from 0 to 44 days
» La coccidiosi és la més comuna (>25%) de les malalties subcliniques
en la produccio de pollastres Diet x Enzyme (P<0.01)
 La coccidiosi i NE estan intimament relacionades, essent 1.90
freqientment la NE consequéncia de la cocc