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Abstract
Background

The emergence of antimicrobial resistance (AMR) zoonotic foodborne pathogens
(Salmonella, Campylobacteand indicator microorganismg.(coli, enterococci) is a major
public health risk. Zoonotic bacteria, resistantatatimicrobials, are of special concern

because they might compromise the effective treatmwieinfections in humans.
Scope and approach

In this review, the AMR monitoring and surveillanpeogrammes in five selected countries
within European Union (EU) and European Economi®@aA(EEA) are described. The
sampling schemes, susceptibility testing for AMBntification, clinical breakpoints (clinical
resistance) and epidemiological cut-off values (ob@logical resistance) were considered
to reflect on the most important variations betwesmd within food-producing animal
species, between countries, and to identify thet ridsctive approach to tackle and manage

the antimicrobial resistance in the food chain.
Key findings and conclusions

The science-based monitoring of AMR should encomphs whole food chain, supported
with public health surveillance and should be caeld in accordance with "Zoonoses

Directive” (99/2003/EC). Such approach encompa#isesintegrated AMR monitoring in
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food animals, food and humans in the whole foodafinehain continuum, e.g. pre-harvest
(on-farm), harvest (in abattoir) and post-harvett retail). The information on AMR in
critically important antimicrobials (CIA) for humamedicine should be of particular

importance.

Keywords. antimicrobial resistance, foodborne pathogens, monitoring, surveillance,
public health.

1. Introduction

In the last decade the antimicrobial resistance R)Mssociated with zoonotic foodborne
pathogens of bacterial origin is recognized as gompublic health concern. Zoonotic

foodborne bacteria are infectious agents which bwyransferred from animals to humans
via food ingestion (WHO, 2015). Zoonotic agents bedieved to be responsible for up to
75% of infectious diseases in humans (Heymann, ;2B8Aravesh et al., 2012). Therefore,
food-producing animals (cattle, sheep, pigs andlitpguare of particular importance for

emergence and transfer of AMR through the food aonpdion taking into consideration the

intensive, on-farm production practice frequentlgsaciated with misuse/overuse of
antimicrobials (Bischt et al., 2009).

It is well known that from 1940’s, introduction ahtibiotics to treat infectious diseases in
humans and animals revolutionized medicine. Wheomtes to food animals, antibiotics are
used not only to treat them against infectious atiee but also to prevent disease
development (metaphylaxis) and to promote theingno However, the overuse and misuse
of antibiotics in food animals can lead to seleetpressure on microorganisms and may
result in development and spread of antibioticstasice (Cogliani et al.,, 2011). The first
integrated analysis on antimicrobial consumptiorvéterinary and human medicine at the
level of European Union (EU) and European Econofm&a (EEA) was conducted in 2015
(ECDC/EFSA/EMA, 2015); the report aimed to provigetter insight to the occurrence of
antimicrobial resistance in bacteria originatedrfroumans and food animals. The excessive
veterinary use of antimicrobials applicable mairity food-producing animal species,
including horses, in 26 European Union and EuropEBaonomic Area countries was
estimated to be in total 7,982 tonnes per yearh wlie highest level of antimicrobial

consumption in pigs, cattle and poultry; addititppakhe overall quantity of antibiotic
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consumption in humans was in total 3,399.8 tonmesypar. Evidently, a significant amount
of antimicrobial agents per year are consumed th,dood animals and humans in EU and
EEA countries. Such practice may have importansequences for public health, as it may
promote development of antibiotic-resistant baateand transfer of resistance genes to
humans (WHO, 2011a). Nowadays, this causes setieasnent failures or necessitate the
use of second-line antimicrobials for therapy, meevere and longer-lasting disease,
increased hospitalization rates, including incrdasertality, sequelae, and ultimately, higher
costs to society (WHO, 2011a). Having in mind tbenplexity of the international food trade
characterized with a longer food supply chain, ai s possibility for transfer of foodborne
pathogens from one country/continent to anothehiwitn short period of time, antibiotic
resistance became a growing international heastheisit deserves immediate attention by
health, veterinary, food and environmental autiesion the global scale.

Antimicrobial resistance associated with major amanfoodborne pathogensSgimonella
Campylobactéroccurring in food animals can spread to peopdefood/water consumption
and direct animal-human contact. In addition, comsaé bacteria (e.de. coli, enterococci),
can also form a reservoir of resistance genesvir@mment, farm and food animals (Barton,
2000). This may facilitate transfer between baatespecies, including the transfer to
pathogens capable of causing disease in both huamahanimals which may be difficult to
cure (EFSA, 2008).

In the European Union (EU) and European EconomigaA{EEA), AMR became a very
serious public health challenge. The magnitudénefpgroblem is highlighted by the fact that
more than 25 000 people die each year from infestaused by antibiotic resistant bacteria
(ECDC/EMEA, 2009). The resistance rate to antib®is high among both, Gram-positive
and Gram-negative bacteria that cause serioustiofiscin humans and reaches 25% or more
in several EU Member States (ECDC/EMEA, 2009). Tieffective antibiotic treatments
result in extra healthcare costs and productivagsés of at least EUR 1.5 billion each year.
In addition, there is a gap between the burdenfettions due to multidrug-resistant bacteria
and the development of new, effective antibiot@saickle the problem. There are numerous
studies to highlight the problem related to AMR aoddentify the sources and causes for
development of this phenomenon, but it is still ent&@in how much it can be contributed to

the food chain, in particular meat chain.
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The aim of this paper was to review the AMR moriitgrand surveillance schemes in five
selected EU and EEA countries with focus on thetrdmution of the meat chain to
emergence, development and spread of antimicroésidtance to humans. An overview of
the sampling schemes, susceptibility testing for RAMprofile identification, clinical
breakpoints (clinical resistance) and epidemiolagicut-off values (microbiological
resistance) were considered, including the mostmapt differences between and within
food-producing animal species, between countried, identification of the most effective
risk mitigation strategies to tackle the antimigedbesistance in the meat chain.
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Table 1. Summary of selected studies linking AMRhi® meat chain

Authors

Typeof article

Resear ch focus

Modulein the meat chain

Andersen et al. (2006)

DANMAP (2014)

ECDC (2014)

EFSA (2014)

Gallay et al. (2007)

Leegard et al. (2000)

Journal Article

Scientific Report

Summary Report

Scientific Report

Journal Article

Journal Article

Antimicrobial resistance amor@ampylobactefejuni
from raw poultry meat in retail in Denmark

Use of antimicrobial agents and occurrence ofX
antimicrobial resistance in bacteria from food
animals, food and humans in Denmark

The European Union Summary report onX
antimicrobial resistance in zoonotic and indicator
bacteria from humans, animals and food in 2014

Technical specifications on randomised sampling forX
harmonised monitoring of antimicrobial resistaite
zoonotic and commensal bacteria

Campylobacter antimicrobial resistance among
humans, broiler chickens and pigs. France

Emerging antimitotic resistance inSalmonella
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Lindmark et al. (2004)

MARAN (2013)

NORM-VET (2013)

RESAPATH (2012)

SVARM (2014)

Journal Article

Scientific Report

Scientific Report

Scientific Report

Scientific Report

typhimuriumin Norway

Genetic characterisation and antimicrobial reststan
of Campylobacter jejunisolated from meats, water
and humans in Sweden

Monitoring of antimicrobial resistance and antibot X
usage in animals in the Netherlands in 2012

Usage of antimicrobial agents and occurrence oX
antimicrobial resistance in Norway

French Surveillance network for antimicrobial X
resistance in pathogenic bacteria from animal origi

Consumption of antibiotics and occurrence ofX
antibiotic resistance in Sweden

Modules: 1 = Farm; 2 = Abattoir; 3 = Meat Procegsth = Retail; 5 — Consumers
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A literature review was performed by analysing mhed scientific papers and the major
sources of information originated from the scholaidtabases such as Web of Science,
EBSCO and ScienceDirect. The official web-sitesalécted national monitoring and
surveillance schemes were also analysed, inclutimguropean Antimicrobial Resistance
Surveillance Network (EARS-Net) and Antimicrobiabi@&umption Interactive database
(ESAC-Net). This review identified relevant artigl@gesearch and review papers, technical
reports by international organizations) and datadasublished in domains of zoonotic
foodborne pathogens and related antimicrobial teeste, including the public health impact.
The selection criteria chosen to identify the ral@varticles within the scope of this review
and the objectives of this paper were as followfotus on the specific AMR monitoring and
surveillance programmes with well-established dagab regarding meat chain-associated
antimicrobial resistance; 2) focus on the poteritaimprovement of harmonization of
national monitoring and surveillance systems andréuresearch. However, some
geographical restrictions were taken, by includietgcted countries with intensive
experience and well-established AMR monitoring and/eillance programmes. Therefore,
monitoring and surveillance programmes on antinfii@ousage and antimicrobial resistance
of the major zoonotic foodborne pathogens with fusbalth importanceSalmonella,
Campylobactérand indicator bacteride( coli, Enterococcuspp.) were reviewed in four EU
Member States (MSs) (Denmark, Sweden, France atiteN@nds) and one EEA country
(Norway) (Table 2).
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Table 2. Monitoring and surveillance programmefoaf selected EU member states and 1 EEA country

Programme Type of surveillance Country Source
animals food humans
Danish Integrated X X X Denmark www.danmap.org
Antimicrobial Resistance (EV)
Monitoring and Research
Programme (DANMAP)
French surveillance X X France  www.resapth.org
network for antimicrobial . .
. . . (EV) https://www.anses.fr/en/thematiqgue/veterina
resistance in pathogenic -~
) . . ry-medicine-anmv

bacteria of animal origin
(RESAPATH)
Monitoring of X X X The http://www.wageningenur.nl/en/Expertise-
Antimicrobial Resistance Netherlands Services/Research-Institutes/Central-
and Antibiotic Usage in the (EV) Veterinary-Institute.htm
Netherlands (MARAN)
Swedish Veterinary X X Sweden  http://www.sva.se/en/antibiotika/svarm-
Antimicrobial Resistance (EV) reports
Monitoring (SVARM)
Norwegian Surveillance X X X Norway  www.vetinst.no/eng/Research/Publications/
System for Antimicrobial (EEA) Norm-Norm-Vet-Report

Drug Resistance
(NORM/NORM-VET)




121

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

2. AMR statusin the EU and EEA

Antimicrobial resistance is a serious public hedhteat in Europe. For invasive bacterial
infections, prompt treatment with effective antinoigial agents is especially important and
this is usually the single most effective interventto reduce the risk of fatal outcome.
Ongoing increase of antimicrobial resistance inagive bacterial isolates according to the
report by European Antimicrobial Resistance Sulaede Network / EARS-Net (EARS,
2014) to a number of key antimicrobial group&' @d 4" generation of cephalosporins,
fluoro- and other-quinolones, glycopeptides, maded and ketolides), as well as penicillin’s
and aminoglycosides to a certain degree (WHO, 2014kof great concern and should be
considered as the highest priority. The antimiablbésistance situation in Europe shows
large variations depending on the bacterium, awctiobial group and geographical region
(ECDC, 2014). These variations between the EU Mersibates (MSs) and EEA countries
(Norway, Iceland and Switzerland) might be also tu¢he lack of uniformity in sampling
schemes, laboratory methods used for identificatbrAMR profile, approach regarding
clinical breakpoints (clinical resistance) and epmiblogical cut-off values (microbiological
resistance), as well as defined priorities reg@rgnblic health impact. To overcome this
issue, the "Zoonoses Directive’ (EU, 2003a) waseidsto support the harmonization of
national monitoring and surveillance schemes fadbmrne diseases, including AMR. The
importance of protecting human health against dseand infections transmissible directly
or indirectly between animals and humans (zoonoses stressed, including foodborne
zoonoses. It implies that EU MSs shall ensure thigrated data on the occurrence of
zoonoses and zoonotic agents and related antinedrodsistance in animals, food and
humans are collected, analysed and published witthelay (Figure 1). However, up to the
time of writing this article, substantial differeegcexists between the MSs regarding specific
aspects in implementation of national monitoringl aurveillance systems for zoonotic
foodborne pathogens and AMR, which create certafficulties in interpreting and

extrapolating data between MSs.
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Figure 1. Number of Member States’ submissionstifracrobial resistance in zoonotic
(CampylobacterSalmonellaMRSA) and indicator bacteri& ( coli, Enterococcukin
animals, food and humans (Adapted from EFSA/ECOX152

2.1. AMR in Humans

The first concerns about antimicrobial resistamchumans were raised in Denmark, in 1994
and 1995, due to usage of the growth promotingraatobial (avoparcin). This led to the
occurrence of vancomycin resistaahterococcus faeciunm humans (Bates et al., 1994;
Aarestrup, 1995). During this period of time, thevas also a growing awareness and a
general public concern about overuse of antibiatid3anish pig and poultry production and
the effects on antimicrobial resistance.

In France, a comprehensive study was conductecefioedthe antimicrobial profiles and
patterns related t€ampylobacteiassociated infections in humans and to compasevitih
Campylobacterisolated from broiler chicken and pigs (Gallayaét 2007). The database
originated from 1986-1990 was compared with trefndsy 1999-2004; it was reported that
resistance to nalidixic acid increased dramatic@lyold), while the patterns of resistance to

qguinolones and fluoroquinolones fGr jejuniwere similar between 1999 and 2004, in human

10
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and broiler isolates. Skurnik et al. (2006) carrmat a study to determine the level of
antimicrobial resistance iB. coli of animal faecal origin in several animal popwas with
different exposure to human contact (wild anim&len animals and pets). It was proven that
occurrence of antimicrobial resistance  coli isolated from animal faecal material
happened due to anthropogenic influence. Obviouslg, emergence, development and
spread of antimicrobial resistance is a dynamiccgse flowing into both directions -
zoonotic impact (animal/food-human) and anthropagémumans-animals). French Agency
for Food, Environmental and Occupational Health &e®y released a report on the usage of
colistin (ANSES, 2015), an antibiotic used in vetary medicine (in livestock), which is also
of the highest importance in human medicine. Dugstdoxicity, colistin is only prescribed
for the treatment of severe human infections invgvbacteria resistant to all other
therapeutic options (including bacteria resistant last-generation cephalosporins and
carbapenems). Initially, it was considered thatistiol, because of the absence of any
mechanism for transferring resistance to this #@tith between bacteria, shouldn't be
included in the list of critically important antdgics used in veterinary medicine. However,
in 2015, the first transferable mechanism for tasise to colistin (thencr-1 gene) was
described in China in pigs and chickens, in me&d ab retail, and also among bacterial
strains isolated in humans. European Medicines g&geecommended additional monitoring
of off-label use of colistin and restrictions ordications to therapy or metaphylaxis and
removing all indications for prophylactic to minisei any potential risk associated with a
broader use (EMA, 2016); consequently ANSES revitedsk assessment and included the

colistin in the list of veterinary antibiotics ofitical importance.

In Netherlands, the epidemiological link of antinolsial resistance between animals and
humans was investigated in an integrated studyiechrout by van den Boggard and
Stobberingh (2000); it was concluded that use tibantics in food animals may provoke the
emergence and dissemination of resistant bactersaobserved that the level of resistance of
pathogenic foodborne bacterBalmonellaCampylobacterand commensal bacterig.(coli,
Enterococcup increases after the introduction of antibiotit.id known that commensal
bacteria are a reservoir of resistance genes thoganic (foodborne) bacteria. Their level of
resistance may serve as a good indicator for sefeptessure from antibiotic usage and for
prediction of resistance in pathogens. Monitorinfy resistance in indicator bacteria
(Escherichia coliandenterococdi in different ecological compartments, e.g. iniemvment

(manure, water, feed), animals, food of animaliarigneat), patients and healthy humans,

11
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should provide valuable data on resistance prevaland facilitate the understanding of the

resistance transfer from animals to humans andwacsa.

In a study carried out in Sweden from 2000-2004etje characterization dampylobacter
isolates associated with antimicrobial resistancas wconducted to provide better
understanding of epidemiological link between AMRhumans, meats and water. This study
confirmed the link between meat consumption andracrtobial resistance in humans and
also enabled focusing on identification and eradoaof the major reservoirs with common

clones of the public health importance (Lindmarklet2004).

In Norway, the study carried out from 1975-199&emded the emergence of multi-resistant
Salmonella TyphimuriunbT104 isolates collected from humans; the firstitmesistant
isolate appeared in 1994, while in 1998 already 28%omestically acquired isolates were

multi-resistant (Leegard et al., 2000).

Significant increase in the rate of gram-negativieroorganisms isolated from humans
(blood and cerebrospinal liquor), as well as foofisthad been observed in EU, from 2011-
2014 (ECDC, 2014). Additionally, a possible redaship between antimicrobial usage in
food animals and the occurrence of AMR in humans eanducted (ECDC, 2015).

It is estimated that 11,381.8 tonnes of active wulee with antimicrobial effect was used in
humans and food animals in 26 EU/EEA countries 012 (ECDC/EFSA/EMEA, 2015)
(Figure 2).

12
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Figure 2. Comparison of biomass-corrected consumption ofnaatobials (mg/kg)in
humans and food-producing animals by 26 EU/EEA twes in 2012 (Adapted from
ECDC/EFSA/EMEA, 2015)

A resistance to third-generation cephalosporin’Klebsiella pneumoniaand Escherichia
coli increased significantly at EU/EEA level as welliasmany of the individual MSs."3
generation cephalosporin resistance was often iassdc with fluoroquinolone and
aminoglycoside resistance. Resistance trends im-gsitive bacteria showed a more
diverse pattern across Europe. The percentage @EHAJ population from which the
methicillin-resistanStaphylococcus aureMRSA) was isolated, continued to decrease over
the last four years, from 18.6 % to 17.4 % in 2@h#l 2014, respectively. The significantly
increasing four-year trend for vancomycin resiséaicEnterococcus faeciurfcommensal
microorganism) was observed from 2013. EU datardegg AMR for Salmonellan humans
indicated increased resistance associated with dlinpi cefotaxime, chloramphenicol,

13
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ciprofloxacin, gentamicin, kanamycin, nalidixic dgci streptomycin, sulphonamides,
tetracycline’s and trimethoprim. The AMR reportedr fCampylobacterwas mainly
connected with amoxicillin, ampicillin, ciprofloxaxg erythromycin, gentamicin, nalidixic
acid and tetracycline (EFSA, 2011). These findiagsclosely related to the prevailing use of

certain class of antibiotics in selected EU and EBAntries (Table 3).

14
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Table 3. Most commonly used antimicrobials in sielédEU/EEA countries

Country Programme Cattle Pigs
Denmark DANMAP 1. Penicillin’s b-Lactase 1. Tetracycline’s
sensitive -
2. Penicillin’s b-Lactase
2. Tetracycline’'s sensitive
3. Sulphonamides and 3. Macrolides
Trimethoprim
France RESAPATH N/A N/A
The Netherlands MARAN 1. Penicillin’s 1. Tetracycline’s
2. Combinations 2. Penicillin’s
3. Tetracycline’s 3. Trimethoprim/
Sulphonamides
Sweden SVARM N/A N/A®
Norway NORM-VET

* Breakdown of antimicrobials for individual spesianavailable
**Breakdown of antimicrobials for combined speciesavailable

Poultry

Tetracycline’s
Macrolides

Penicillin’s (others)

N/A

Macrolides /
lincosamides

Quinolones

Polymixins

N/A

w N PrwDd R

Combinedegtigs
and poultry

*x

N/A

Tetracycline’s,
Sulphonamides,
Penicillin’s,

*k

N/A

Benzyl penicillin
Sulphonamides
Tetracycline’s
Penicillin’s
Sulphonamides

Aminoglycosides

Food producing animal
consumption in tonnes active
(ECDC/EFSA/EMEA, 2015)

107 tonnes

761.5 tonnes

245.7 tonnes

10.6 tonnes

7.1 tonnes

15
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2.2. AMR in Food (Meat) Animals

Development and increase of AMR in humans has aedion with antibiotic use in another
ecological compartment — food animals. Therefone, Member States (MSs) of the EU
followed a monitoring system since 20@J( 2003aDirective 2003/99/EC that sets rules for
monitoring on AMR and provides Member States, aemsure that monitoring provides
comparable data on the occurrence of AMR in zograxents and b. to assess the trends and
sources of AMR in their territory). In 2013, based the proposals issued by EFSA, the
European Commission put forward and discussed thighMSs a new legislation on the
harmonised monitoring of antimicrobial resistanceoonotic Salmonella Campylobacter)
and commensal bacteriggcherichia coliandEnterococcuspp) in food-producing animals
and food; a list of combinations of bacterial spscifood producing animal populations and
food products was defined, panel of antimicrobéadd tests to be used are recommended and
priorities for the monitoring of antimicrobial resance from a public health perspective were
set up (EU, 2013Commission Decisior2013/652/EC on the monitoring and reporting of
antimicrobial resistance in zoonotic and commebsateria). Such approach should provide
better consistency between EU MSs, regarding sagpiethod of susceptibility testing and
reporting, as well as improve the comparabilityled data generated among MSs.

A comprehensive study of AMR in bacteria isolatednf food animals to antimicrobial
growth promoters and therapeutic agents was caotgedn Denmark, in 90’s (Aarestrup et
al., 1998). The acquired resistance to all usedwtiropromoting antimicrobials was
confirmed, with most frequent occurrence of resistaobserved to avilamycin, avoparcin,
bacitracin, flavomycin, spiramycin, tylosin andgiimiamycin. The occurrence of resistance
varied according to animal origin and bacterialcgg® The highest levels of resistance were
observed among indicator bacteria (enterococci)lewlss resistance was observed among
pathogenic zoonotic bacteri&glmonella, CampylobacterSimilarly like in other EU MSs,
the thermo-toleranCampylobactemwas the most commonly reported pathogen associated
with gastrointestinal bacterial infections in hureaBroilers are identified as the primary
source of infection, though other sources may alsst, e.g. water from untreated water
sources and other infected animals. The particekistance found i€. jejuniisolates was to
ciprofloxacin and nalidixic acid. Among th8almonellaisolates §. Typhimuriumand S.
Derby) from healthy Danish pigs, relatively high levels resistance (34% - 49%) were
observed to ampicillin, sulphonamide, and tetraogcl(DANMAP, 2014). In indicator

16
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bacteria (enterococci), a high level of resistaiceEnterococcus faecalissolated from
broilers was observed to tetracycline (49%), fokowby erythromycin (27%) and
chloramphenicol (2%). Parallel to that, a veryhh@tcurrence of resistance to tetracycline
(83%) and moderate to high occurrence of resistateceerythromycin (49%) and
chloramphenicol (24%) was found 8. faecalisisolates from pigsThe occurrence of
resistance to tetracycline has increased over die flve years, which may lead to the
increase of potential risk of spreading the antiob@l resistance, via horizontal gene
exchange, to other pathogenic bacteria (DANMAP 4201

In France (RESAPATH, 2012) it is estimated that thsistance level i5. Typhimurium
isolated from cattle is very high, especially tocaiillin (89%), tetracycline (92%) and
sulphonamides (72%). The resistance levet.irtoli isolated from pigs was extremely high
to amoxicillin (97%), gentamycin (94%), tetracydin(98%), enrofloxacin (94%) and
trimethoprim-sulphonamides (97%). In hens and brsjlthe extreme level of resistancéin
coli was confirmed to amoxicillin (98%), ceftiofur (9§%gentamycin (96%), tetracycline
(98%), flumequine (97%), enrofloxacin (97%) andgthoprim-sulphonamides (97%).

In Netherlands, the antimicrobial resistance deteah S. Typhimuriunwas predominantly
associated with pigs, but was also found (altholegs predominant) in cattle and poultry.
Resistance o5. Enteritidiswas mainly present in poultry and more specificati laying
hens and contaminated eggs, while resistanc®. iDublinwas observed mainly in cattle
(MARAN, 2013).The highest resistance levels ©f jejuni isolated from poultry were
observed for tetracycline and the quinolones (dipxacin and nalidixic acid) raising a
public health concern, and much lower in isolatesnflaying hens. However, resistance to
macrolides, e.g. erythromycin, the first choiceildatic in human infections (critically
important antibiotic), was still low. This is imk with finding that macrolide resistance was
not detected irC. coli from pig meat. Surveillance in indicator bacterta €oli) showed
resistance to ampicillin, tetracycline’s, sulphomdes and trimethoprim and it was
commonly detected in broilers, turkey, pigs andlvealves. Although resistance to
fluoroquinolones decreased, it was still commomnigsent in indicatoE. coli from poultry
sources. The promising results were reported réggrdesistance to '@ generation
cephalosporins (critically important antibiotics)hieh was low in most animal species.
Susceptibility testing of enterococci is consideoédesser priority tharE. coli and from
2013 and onwards poultry, pigs and cattle are saan@Very three years instead of annually
(MARAN, 2013).
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In Sweden, the majority of submissions for testorg antimicrobial resistance originated
from clinical samples associated with diseased alsinTherefore, data may be biased taking
into consideration the samples from treated animafsom herds where antibiotic treatment
is common, versus clinically healthy animals whargimicrobial treatments were rare.
Isolates are classified as susceptible or resiskgntEpidemiological Cut Off Values
(ECOFFs) issued by European Committee of Antimi@lobSusceptibility Testing
(EUCAST). InE. coli, clinical samples from pigs, taken on-farm (fa@a@spost-mortem
(faecal material from intestines), the resistanoe streptomycin (50%), trimethoprim-
sulphamethoxazole (46%), ampicillin (40%) and ®tdiine (25%) was the most common
trait. Multi-resistance occurred in 42% (50/118)tloé isolates in 2014, which is higher than
in previous years (38% in 2013, 24% in 2012, 25%041, 15% in 2010, 19% in 2009 and
14% in 2008). The reason for this increase remaurextrtain. InE. coli samples obtained
from cattle (calves no more than a few weeks oldenvthe resistance in enteric bacteria is
usually high) during the period 2012-2014, resistawas higher than in previous years for
streptomycin (42%), tetracycline (31%) and ampiti24%). Multi-resistance occurred in
76% (22/29) of the isolates from 2014, comparedd® in 2013, 50% in 2012 and 40% in
2007-2011. In broilers, laying hens and turkeys, dlecurrence of ESBL-producirig coli
from faeces and environment is monitored and theeemology of this resistance is studied.
The majority of isolates (75%) were susceptiblalt@ntibiotics tested (SVARM, 2014).

In Norway, the situation regarding antimicrobiakistance toSalmonellaspp. in food
animals is very good since those animal populatesesalmost free frorBalmonellaspp.

To maintain this favourable situation, Norway ramsextensive surveillance programme that
covers both live animals (cattle, pigs and poulgp meat samples (NORM-VET, 2013).
However, in 2013, the resistance to fluoroquinotomeas found inS. Virchowfrom pig,
while the multi-resistanS. Typhimuriumwas isolated from one pig herd (resistance to
tetracycline, ampicillin, sulfamethoxazole and gtoenycin). The isolates dtampylobacter
jejuni in broilers were obtained from caecal samplesahiroiler flocks slaughtered before
50 days of age were tested for the presenc€amhpylobacterspp. In 2013, on€. jejuni
isolate per positive flock (total of 96 flocks) wasbmitted for susceptibility testing. The
highest rate of resistance was detected for flugraones (ciprofloxacin [5.2%], nalidixic
acid [5.2%]), tetracycline (3.1%) and streptomy(@riL%). These findings confirmed that the
prevalence of antimicrobial resistance amdhgejuniisolates from Norwegian broilers is
low. This is also in line with common practice imMegian poultry flocks where therapeutic

use of antimicrobial agents in broilers is reldtview and the products applicable for such
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use contain either amoxicillin or phenoxymethylpdhn; nalidixic acid is not used in
poultry at all.Escherichia coliandEnterococcuspp. are monitored as indicator bactela.
coli isolates were obtained from samples from a tote2Qzl layer flocks and 131 turkey
flocks; the highest resistance was found to tetiaoy (12.8% and 7%, respectively),
ampicillin (9.2% and 12.8%, respectively), sulfahtetazole (11.3% and 9.2%, respectively),
trimethoprim (5.9% and 3.7%, respectively) andmtmycin (4.3% and 4.6%, respectively).
It is known that acquired resistance to cephaloesp@mong gram negative bacteria (€&g.
coli) has called on special attention in recent yeRreduction of extended-spectrum beta-
lactamases (ESBLs) or transferable AmpC are majechanisms behind such resistance
(Babic et al., 2006). ESBL producirtg coli were not detected in any of the 204 samples
taken from layer flocks, indicating prevalence beld.8%. However, the results from the
broiler production revealed very high resistanc&togeneration cephalosporin’s (43%). In
E. faecalis the resistance was determined from samples tikem layers and turkey; the
highest level of resistance was found in tetraogcl(31.5% and 41.5%, respectively),
erythromycin (10.1% and 18.2%, respectively), acih (3.3% and 18.2%, respectively)
and narasin (1.1% and 12.1%, respectively).

2.2.1. Meat/Meat products

The occurrence of antimicrobial resistance assediatith bacteria found on/in meat/meat

products was investigated in many studies carngdrmEuropean countries.

In Denmark, Andersen et al. (2006) conducted aystiod determine the antimicrobial
resistance oCampylobacter jejunin raw poultry meat at retail level. The highestdl of
resistance was reported to tetracycline, nalidiaaic and ciprofloxacin, while low resistance
was observed to macrolides (antibiotics importantfuman health). Wielinga et al. (2014)
conducted a study to evaluate the evidence-baday po control antimicrobial resistance in
the food chain. They investigated the conflictrierest between the major stakeholders from
agriculture, veterinary, health and commercial leaed concluded that success of the
national surveillance and monitoring programmes lcaronly achieved if all stakeholders,

from farm-to-fork, are involved.

In France, Granier et al. (2011) conducted a review assess AMR inListeria
monocytogenesin food and environmental isolates, from 19962@06. More than two

hundred strains were collected and selected onb#sts of a unique pulsed-field gel
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electrophoresis (PFGE) profile. Half of the stramere isolated from food samples and a
qguarter from food processing plants. Out of thaltoumber of isolates, 20% belonged to
meat (pork, 10%; poultry, 5%; and beef, 5%) whitbeo originated from dairy and sea
products. Resistance to erythromycin, tetracyatmeecycline, and trimethoprim was
reported. Further, a comprehensive one-year stadyoarried out to establish prevalence and
characterization o€Campylobacter jejunin retail chicken meat in French outlets (Guyard-
Nicodeme et al., 2015)Campylobacterwas detected in 76% of collected samples and
resistance to tetracycline was the most commor6%3.followed by ciprofloxacin (32.9%)
and nalidixic acid (32%). All tested isolates weemsitive to erythromycin, chloramphenicol

and gentamycin.

In Netherlands, Bruin et al. (2010) reported onvalence and quantity of highly resistant
EnterobacteriaceaéHRE), including ESBLSs, in retail meat. The testethil meat samples
were chicken (52%), beef (29%), pork (9%), and ofueirces (9%). The ESBL producikg
coli was recovered from 18% of tested samples and @LE®sitive samples were chicken
(34% positive). Resistance levels were very high #&mpicilin  (98%) and
amoxicillin/clavulonic acid (80%), and low to catroxazole (7%), gentamicin (5%), while
resistance wasn't observed to piperacillin/taza@mactmeropenem and ciprofloxacin. Since
majority of tested chicken meat samples were ESB&itpe it is concluded that chicken
meat is a potential source of pandemic ESBL produé. coli in the community and
hospitals. Overdevest et al (2011) also confirniedhigh prevalence of ESBL producikg
coli in retail chicken meat (79.8%). Genetic analysisvad that the predominant ESBL
genes in chicken meat and human rectal swab spesimwere identical. These findings
implied that the role of ESBLs in chickens andpitssible transmission to humans should be
further investigated and clarified. Since it is Melown that restrictive use of antibiotics may
result in lower resistance rates, Van der Brouckau (2014) speculated how powerful
restrictive use should be to minimize the riserdfraicrobial resistance? The author gives an
opinion that the resistance to antimicrobials ia filnture will slowly continue to rise, in spite
of restricted use of antimicrobials since recenllywas concluded that the emergence of
antimicrobial resistance is clearly of multi faggdmature and it is still uncertain what are the
main contributors leading to this phenomenon. IihEdands, a movement toward lower
antibiotic use in animal husbandry already starfdte use of 8 generation cephalosporins
was completely stopped in broilers and pigs, in d1a2010. The promising results were

reduction in resistance i. coli from chicken, pigs, and calves. The future wilingrthe
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answer whether this change is sufficient to slowrddwe rising resistance in humans (Van
der Broucke-Grauls, 2014).

In Sweden, Ge et al. (2003) conducted a study teraéne antimicrobial resistance in retail
chicken meat. They reported that around 94% oétesteat samples were contaminated with
Campylobactestrains that were resistant to at least one aérsewitimicrobials in the panel.
The resistance to tetracycline was the highest §828towed with doxycycline (77%),
erythromycin (54%), nalidixic acid (41%) and cidoacin (35%). Egervarn et al. (2014)
studied the prevalence &. coli, with transferable ESBL and AmpC beta-lactamaaas,
Salmonellaon meat imported into Sweden (imported pork, bexed broiler meat). The
authors highlighted that increased occurrencErdérobacteriaceagincludingE. coli) with
transferable ESBL/AmpC beta-lactamases in humang bea linked with food (meat)
producing animals. The prevalence of ESBL/AmpC-pomag E. coli was 2-13% in pork
meat, 0-8% in beef and 15-95% in broiler meat. redgengly, the highest prevalence of
ESBL/AmpC-producingE. coli was reported inSouth American broiler meat (95%),
followed by broiler meat from Europe, (excluding ribeark) (61%) and from Denmark
(15%). The results of the study implicated that imegorted into Sweden may present a
significant source of human exposure to ESBL/Amp@dpcingE. coli. This is particularly
important since the ingestion of this organism bgsumers may lead to transfer of resistance
genes (blarx-u-2 and blarx-m-g), via conjugation, to another bacterium, includihgse with
human pathogenic potential. Yavari (2012) carriat @ comprehensive review in Sweden,
selected European countries and USA on antibiaggistance inSalmonella entericga
emphasizing the role of food animal control. A @s8s of national monitoring and
surveillance programme for control of AMR in Swedsra consequence of efficient policy
towards controlling the antibiotic resistance bfeetive management and regular prevention
programs, and controlling different ecological/piotion compartments such as feed, food
animals and humans. Such policy also resulted faciéfe collaboration of different
organization in Sweden and led to decrease in @mswnption of antibiotic in animals.
Subsequently, low consumption of antibiotics innaas and humans led to the low
prevalence ofSalmonella The success of any disease control program lesthe
effectiveness and intensity of inter-sectoral ceoapen. The communication between
veterinary organizations and health care provideessential to exchange the knowledge and
relevant information. The international collabooatis also needed to achieve more effective

control over spread of salmonellosis and to taagébiotic resistance (Yavari, 2012).
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In Norway, Mo et al. (2016a) reported th& coli resistant to extended-spectrum
cephalosporins was found in broiler production aadsequently in broiler meat, in spite of
the restrictive policy indicated that the usageaafimicrobials is rare. The isolates from
intestinal microbiota of broilers and from chickereat in retail were compared to establish
the epidemiological link via clones and resistaplesmids. Interestingly, it was revealed that
clonal expansion via horizontal transfer, supporteith stability of plasmid containing
blacmy-2, iIs maintained and disseminated within the broflems in Norway despite the
absence of selective pressure due to low use ohianbbials. In subsequent study Mo et al.
(2016b) investigated the risk factors for occureerd cephalosporin-resistaii. coli in
Norwegian broiler flocks. The authors concludedt timplementation of a high level of
biosecurity is of crucial importance for decreaséhie occurrence of cephalosporin-resistant
E. coli in broiler flocks. The most important biosecuritgk factors were to minimize the
number of people entering the broiler house dupraduction cycles, as well as rigorous
cleaning and disinfection routines between productiycles. These measures could result
with decrease of resistance only if there is ned&n pressure from antimicrobial use in the
broiler production.

2.3. Sampling plans

Monitoring of antimicrobial resistance in EU MSsoshd be based on isolates obtained from
clinical samples regularly submitted to a diagrmdéboratory or on actively collected
isolates from healthy or diseased animals and prealucts in all production stages: 1) pre-
harvest (farm), 2) harvest (abattoir) and 3) pasirbst (retail) (EFSA, 2008, 2014b). The
selection of isolates from clinical infections ubyialepends on the submission of samples
taken on farm from local veterinarian, while samgliat slaughterhouse and retail will
usually depend on regular visits by competent aitthaccording to the national plan for
AMR monitoring and surveillance.

2.3.1. Pre-harvest (on farm)

The objective of AMR monitoring is to collect anest for antimicrobial susceptibility of at
least 170 representati&almonellaspp. isolates obtained respectively from the pdmria

of laying hen flocks, broiler flocks and fattenihgkey flocks in the MS, on a yearly basis
(SalmonellaNational Control Programme/NCP); the sampling stidnd carried out either by
the Competent Authority (CA) or under its supemsi by the Food Business Operator
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(FBO). In addition, FBO should take the responiiptb submit for susceptibility testing the
Salmonellastrains which are randomly selected and originaen fdifferent (positive) flocks
and, optimally, from different farms.

Two sampling approaches are suggested: 1) a mdashmpling strategy, e.g. proportional
allocation within a sampling frame @almonellaspp. strains deriving from the isolate
collections available from the official laborataiand/or other laboratories designated by the
CA, and 2) a simple random sampling (SRS), e.ghiwithe sampling frame of flocks
involved in the NCP and which have tested positovreSalmonella It is suggested to design
the sampling plan as a quarterly SRS of the flaekted positive foBalmonella

2.3.2. Harvest (at abattoir)

The objective is to collate and test for antimigabbsusceptibility of at least 170
representative isolates &almonellaspp. obtained respectively from carcasses of bsjile
fattening turkeys, fattening pigs and bovines underyear of age. A collection of
representative caecal samples (the number to endeed in each MS according to the
estimation of the annual production) should be catel to obtain isolates as follovi: coli
from broilers, fattening turkeys, fattening pigsdamovines under 1 year of age;
Campylobacter jejunirom broilers and fattening turkeys; and isolate&xtended Spectrum
Beta-Lactamase (ESBL)-/AmpC-/carbapenemase-produgincoli from broilers, fattening
turkeys, fattening pigs and bovines under 1 yeagef Under voluntary basis, the isolates of
E. faeciumand E. faecalis(indicator organisms) may be also taken from brsjléattening
turkeys, fattening pigs and bovines under 1 yeagef, as well as isolates ©@ampylobacter
coli from broilers and fattening pigs.

2.3.3 Post-harvest (retail meat)

The objective is to collect 300 representative cemdsamples of fresh meat of broilers, pig
meat and bovine meat, respectively and to test tf@nthe presence of ESBL-/AmpC-
/carbapenemase-producing isolatesEofcoli. In case a MS has a lower level of meat
production on a yearly basis, e.g. production e§ ldhan 100 000 tonnes of poultry meat per
year, less than 100 000 tonnes of pig meat peram@iess than 50 000 tonnes bovine meat
per year, 150 samples of fresh pig, bovine anddraieat should be tested at retail, instead
of 300 samples. Arétail’ means an outlet selling directly to the final cangu for domestic
consumption, e.g. outlets/supermarkets, specstigps and markets, but excluding catering
activities, restaurants and wholesalers.

The sampling design is based on a proportionadifeed sampling scheme at the MS level.

The samples are allocated proportionally to the sizthe human population in the regions
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accounting for at least 80 % of the national pojpoia At the second level, the sampling
should be conducted at retail outlets. At the théwel, samples within the different meat
categories should be selected. The 300/150 sanfpfesach meat category) should be
allocated in proportion to the size of the humapuygation.

In Denmark, sampling foSalmonellaspp. includes isolates from healthy pigs (caecum
samples) and pork (carcass swabs) collected atoabkats part of national surveillance and
control programmes, as well as from human cases sfriactured surveillance programme of
antibiotic resistance t&almonellain Danish pigs and pork started from 208hlmonella
isolates from broiler, layer hens and cattle farassyvell as isolates from other types of meat
(Danish and imported) are not presented. Interglgtinhe monitoring and surveillance plan
include only resistance amoig Typhimuriunsince the numbers of poultry flocks and meat
samples infected or contaminated wih enteritidisdecreased over the last ten years
(DANMAP, 2014). ForCampylobacterrandomly collected samples are taken from brailer
and cattle at slaughter and from fresh broiler meadly for retail. Isolates from human cases
originate from three out of five geographical regian Denmark. The results for resistance
profile of Campylobacter jejuniin Denmark indicated that 85-95% of the human
campylobacteriosis cases are causedbyejuni. For Enterococci, a random collection of
Enterococcussolates from healthy pigs and broilers at slaug(ie faecalisonly) and from
domestic fresh broiler meat, pork and beef soldvhblesale and retail outlets (both
faecalis and E. faecium was conducted. Enterococdt.(faecalis)from imported broiler
meat, beef and pork were also included. Only oakatis per farm or meat sample is included
in the final report. There are no specific samplpigns for testing of Extended Spectrum
Beta-Lactamase (ESBL)-/AmpC-/carbapenemase-prodgu€incoli from broilers, fattening

turkeys, fattening pigs and bovines.

In France, the collection of samples for AMR surueyacteria isolated from the food chain

is carried out by the French Agency for Food SafétlySSA, Paris). To assess a risk for
emergence and dissemination of antimicrobial rast# between ecological compartments,
and consumers, the sampling is conducted in anjrifadd and environment. The collection

of samples is carried out in such a way that daty rhe compared between these
compartments, at national and international leVelo types of epidemiological surveillance

networks have been set up. The first type is baseghtheringsalmonellazoonotic strains in

AFSSA where they are systematically tested forrtaatimicrobial susceptibility (Martel et
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al., 2000).Salmonellastrains isolated from environment, food producmngnal and food are
collected under the Salmonella Network™ programme, which is targeted national
epidemiological surveillance system set up to nombn-humarSalmonellathroughout the
food chain. The network was officially created @9¥ and today includes nearly 150 public
and private veterinary laboratories in 94 departsia@cross France. The second type of
surveillance is managed by AFSSA and serves asli&ceatric system to collect antibiotic
susceptibility data on pathogenic strains isolatedlocal public veterinary diagnostic
laboratories. Each network has been designed ®particular type of investigation. Data on
AMR are summarized in French surveillance netwook &ntimicrobial resistance in
pathogenic bacteria of animal origin which starfedm 1982 (firstly in bovines) and
nowadays in called 'RESAPATH'. From 2000, the sillarece system was expanded to pigs
and poultry and, in 2007, to other animal specigshsas small ruminants, companion
animals or horses (RESAPATH, 2012). However, thesreno specific information on
sampling plans employed in this national programexeept that sampling will encompass
harvesting of faeces or caeca from diseased animal$arm and/or abattoir. Commensal
bacteria E. coli, Enterococcus faeciumand zoonotic straingCampylobactesspp. and some

Salmonellasolates) are isolated according to type: bovioecine, or avian.

In Netherlands, sampling is implemented accordmgdtional plan for monitoring of AMR
and antibiotic usage in animals (MARAN, 2013). Séntp strategy has a goal to obtain
annual collections oE. coli and Salmonellaentericg representative of the Dutch food-
producing animal bacterial populations, includisglates obtained from retail. The samples
are regularly taken from poultry populations onnfafthe faecal samples) and/or abattoir
(caecal samples), as well as poultry meat at rdtalherstein-van Hall et al., 2011).
Additional data on sampling plan were not availainleDutch national plan. Further, the
Dutch approach to AMR encompasses all ecologicalpastments where human health is
threatened by antibiotic resistant bacteria, eagplthcare sector, food producing animals,
food and environment. This is an integrated apprdesed on the "One Health™ concept. The
main focus lies in healthcare and food-producinignais because the emergence and spread

of antibiotic resistant bacteria starts from foad¢ucing animals and subsequent transfer to
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humans; the healthcare settings may be also emwents where the transfer of resistance

genes due to excessive use of antibiotics maydiktdted.

In Sweden, the sampling is carried out to coverredipective sectors - animal, food and
humans. The collected samples are tested in destypablic health laboratories coordinated
by the Public Health Agency of Sweden and veteyitfiaod laboratories coordinated by the
National Veterinary Institute. The results are flyinnterpreted and reported in an integrated
manner by both institutions (SVARM, 2014). Clini¢sblates are taken from food-producing
animals (on farm), e.g. pigs, cattle and sheep,fieomd humans (isolates from blood culture).
Information on the indication for sampling was retailable for many samples and the
majority of submissions were likely from animalsthvidisease. Therefore, data may be
biased towards samples from treated animals or fnenmds where antibiotic treatment is

common.

In Norway, the sampling of indicator organisnisc¢herichia coliand Enterococcusspp.),
which form the normal enteric microbiota, is cadrieut to determine the prevalence of
acquired antimicrobial resistance. This can be @sedn indicator of the selective pressure
from use of antimicrobial agents in various popaola. These bacteria may form a reservoir
of transferable resistance genes from which antobial resistance can be spread to other
bacteria, including those responsible for infecsiom animals or humans. Faecal samples are
taken via boot swabs from layer flocks and fronkéyr including ESBL-producing. coli
from turkey fillets at retail. The sampling of iatés of zoonotic food borne pathogens, e.g.
Salmonellaspp., Campylobacterspp., Yersinia enterocoliticaand non-zoonotic pathogen -
Shigellaspp. is also conducted. Human clinical isolatescailected from blood, urine and
cerebrospinal fluid. The sampling plan is carrieat according to provisions given in
Regulation 652/2013/EC on the monitoring and repgriof antimicrobial resistance in
zoonotic and commensal bacte&almonellaspp. isolates are taken from each population of
laying hens, broilers and fattening turkeys samjtethe framework of the national control
programmes (EU, 2003b); carcasses of broilersriatg turkeys, fattening pigs, and bovines
under one year of age, are also collecteéampylobacter jejunisolates are collected from

caecal samples gathered at slaughter from braleidrom fattening turkeys.

2.4. Antimicrobial susceptibility testing
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Susceptibility testing aims to quantify drug potgmgainst specific pathogenic bacteria and
to establish what measures can be taken to safgtyufate the drug so it is a viable option
for therapeutic treatments. It is also used tobdista if changes in pathogenic behaviour
against already tested drugs is occurring due twabial resistance. When EUCAST defines
a microorganism as tsceptible”this generally means that the microorganism iseqiible

to the therapy and that success when this speaifiinicrobial agent is used is high. The
opposite is defined when the microorganism is tasisto selected antimicrobial agent.
When determining the ability of antimicrobials te buccessful against a specific pathogen,
the following information should be taken into cmesation, e.g. the site of infection, ability
of antimicrobial to reach infection site, as wedlfarmulations available and dosage regimes
(EFSA/ECDC, 2016).

Disk diffusion is one of the oldest approaches rtinaicrobial susceptibility testing (AST)
and remains one of the most widely used AST method®utine clinical microbiology
laboratories; it is very suitable for applicationdaalmost all antimicrobial agents can be
tested since it requires no special equipment (btdiek et al., 2014). Disk diffusion proved
to be a reproducible and accurate method for AST pdrformed according to
recommendations (Woods, 1995). European Committe&ntimicrobial Resistance Testing
(EUCAST), with assistance from the European SocietyClinical Microbiology and
Infectious Diseases (ESCMID) suggested a disc sldfu test with diameter breakpoints
correlated with the EUCAST minimum inhibitory comt&tion (MIC) breakpoints
(Matuschek et al., 2014), defined by inhibition eatiameters (1ZD) expressed in mm. The
MIC is used to describe the effect a new drug has @pecific organism. It identifies the
minimum concentration required by an antimicroli@linhibit the growth of an organism
visually, after an overnight incubation period. it the most widely used method for
antimicrobial susceptibility testing (AST) in cloal laboratories throughout the EU/EEA
(EUCAST, 2015). The disk diffusion method is widalged in France (L'Observatoire
National de I'Epidémiologie de la Résistance Baetére aux antibiotiques/ONERBA) and
Sweden (Swedish Veterinary Antimicrobial ResistaMomitoring/SVARM).

Although disk diffusion is the most widely used hd for measurement of antimicrobial
activity againstSalmonellain routine clinical laboratories, since it is ip@nsive and
relatively easy to perform, the dilution method @mh the MIC is determined in mg/L) is a

more accurate measurement than disk diffusios;gébnsidered as the gold standard for AST.
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Therefore, for monitoring purposes the micro-braihtion is recommended as the preferred
testing method. However, there is a good to exaetlerrelation between the values obtained
in mm and in mg/L. Validated methods of gradienpstiffusion or disk diffusion according
to EUCAST protocols are also accepted. The dilutieethod is routinely used by Danish,
Dutch and Norwegian national monitoring systemsafatimicrobial resistance — DANMAP,
MARAN and NORM-VET, respectively.

2.4.1. Clinical breakpoints

Clinical breakpoints are developed for laboratoegting on antimicrobials to determine
therapeutic value against new and already devel@municrobials. Organisms may be
graded as susceptible (s) - when a micro-organssigefined as susceptible by a level of
antimicrobial activity associated with a high likelod of therapeutic success; intermediate
(D - when a level of antimicrobial agent activily associated with uncertain therapeutic
effect; and resistant (R) - when a level of antholi¢al activity is associated with a high
likelihood of therapeutic failure (EUCAST, 2012)Regardless of the method used to
determine susceptibility, the purpose is to assit@iirug potency required to inhibit or kill a

pathogen within the body, by using pharmacokinedind pharmacodynamics.
2.4.2. Epidemiological cut-off values (ECOFFs)

Standardised epidemiological cut off values (ECQFRke described by the EU Reference
Laboratory for Antimicrobial Resistance (EURL-AR)IB) as &ssential for the comparison
of antimicrobial susceptibility monitoring result$-or the purpose of monitoring, EURL-AR
recommend the use of EUCAST ECOFFs which allowsgmatsation of bacteria as follows:
(i) wild type (for a species with the absence ofjuaeed and mutational resistance
mechanisms to the drug in question) or (ii) noraviiipe (for a species with the presence of

an acquired or mutational resistance mechanisimetaltug in question).

When bacteria are identified as having resistatieeMIC and 1ZD displays two major sub-

populations: i) one is a fully susceptible set siflates, and ii) the other is a fully resistant
population. The change to being resistant may ke tduchanges in the cell walls, which
make it permeable and there may be the possilofitgolates to fall between resistant and
susceptible. MIC testing of the isolates, aftertunimg, can verify the reduction in

susceptibility of the pathogen to antimicrobial aige ECOFFs are derived by testing a
suitable number of isolates from a wild-type popola to ensure that an identified organism
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can be treated in order to determine the likelihaddsuccess or failure of a specific
antimicrobial for clinical purposes. Accordinglyhet epidemiological cut off values
recommended by the EURL-AR for interpretation ofTA®sults are defined f@almonella
spp., Campylobacter coliCampylobactefejuni, Escherichia coli Staphylococcus aureus
Enterococcus faeciumndE. faecaliSEURL-AR, 2013).

3. Harmonization of national AMR monitoring and surveillance programmes

Surveillance of antimicrobial resistance at tardetgervals or ongoing monitoring of the
prevalence of resistance in bacteria from enviramtpmieod animals, food and humans is of
utmost importance for food safety in the contexpoblic health (OIE, 2016). Monitoring of
bacteria from food products of animal origin inteddfor human consumption should be
collected in different stages along the food (mehgjin, i.e. pre-harvest (on farm), harvest (at

abattoir) and post-harvest (processing, packagtogage, distribution and retail).

National antimicrobial resistance monitoring andveulance programmes should be science-
based and may include the following componentsstaidjstically based surveys (veterinary
practitioners, farmers), b) sampling and testingfadd animals on farm, at live animal
markets and, at slaughter, c) an organized sengmgramme, e.g. targeted sampling of food
animals, herds, flocks and vectors (birds, roderd¥)analysis of veterinary practice and
diagnostic laboratory records, e) sampling andrtgsif products of animal origin intended

for human consumption (OIE, 2016).

Sampling strategy should be based on the charsiitsrof the national livestock production

systems, on the basis of available information tmassess which sources are likely to
contribute most to a potential risk to animal andhan health. For example, sampling at pre-
harvest level (on farm) may encompass feed and ositeépfaecal sample, at harvest level (at
abattoir) the faecal content from the gut (amprélzti for pigs/bovine and caecal samples for
broilers), as well as swabs from carcasses to sisBesoverall hygiene at slaughter and the
level of microbiological contamination of carcaseAh Post-harvest level (processing,
packaging, distribution and retail) should inclus@mpling of food to assess the overall

microbiological contamination from slaughter to somer.
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The monitoring of bacterial microorganisms shouwdfdicused on animal bacterial pathogens
relevant to national priority to detect the emeggiasistance that may pose a threat to animal
and human health and to guide veterinarians i fhr@iscribing decisions (minimizing the
use of critically important antibiotics for humaadith). Major zoonotic foodborne pathogens
(Salmonella Campylobactérshould be monitored in food animals and feeddfobanimal
origin and humans. F@almonella serovars of public health importance should loéuthed

(S. Typhimuriumand S. Enteritidi$; other serovars should be also included basethen
epidemiological situation in country. F&@ampylobacterthe most important serovars for
public health should be monitore€.(jejuni and C. co)i and they should be monitored
primarily from poultry and derived food productsotB, Salmonellaand Campylobacter
isolates should be identified to the species lewel serotyped according to internationally
standardised procedures, preferably at the naljodesignated laboratories.

Other, emerging, zoonotic pathogens may be alstuded in the national resistance
monitoring and surveillance plan, such as metimergsistant Staphylococcus aureus

(MRSA) andListeria monocytogenes

The monitoring of commensal bacteria, suchEascoli and enterococciBEnterococcus
faeciumandEnterococcus faecalishould be carried out in environment (farm sundiogs;
manure, soil, water), because they represent theataeservoir for transfer of antimicrobial
resistance genes to pathogenic bacteria, feed aodl dnimals (the samples of gut content
should be taken preferably at abattoir), food afreh origin, as well as humans; this is
important in order to establish a possible epidévgioal link between food animals and
humans and to provide a better overview to the ars® misuse of specific antimicrobial

agents (Figure 3).

[ I ntegrated monitoring and surveillance of antimicrobial resistance ]

/ Pathogens \ f Commensals \

Salmonella E. coli

Campylobacter Enterococcus

Other (MRSA L. monocytogengs (E. faecium, E. faecalis)

AN )

0 o
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Figure 3. A framework of integrated monitoring awveillance of antimicrobial resistance

in the meat chain

A bacterial isolate should be always preserved! timé reporting is completed. Preferably,
selected isolates should be permanently presenetdtared. The maintenance of database of
isolates originated from the previous years mag alsable the epidemiological retrospective
studies.

Overall, a consistency in sampling (target numidesaates per animal population and per
module in the food chain, e.g. farm, abattoir, ifgtanethod of susceptibility testing, the

panel of antimicrobials and tests to be includedwall as reporting system, is of essential
importance to improve the comparability of data eyated between EU MSs and EEA
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countries. This should be achieved by the vigormoglementation of recommendations
issued by EFSA on randomised sampling for harmdnis®nitoring of antimicrobial

resistance in zoonotic and commensal bacteria (EEZA4b). Currently, a substantial
differences exists between five selected EU and Ei®Antries regarding design and

implementation of the national AMR monitoring anah&illance system (Table 4).

Table 4. Comparative overview of the national AMRnNitoring and surveillance systems in

five selected EU and EEA countries

Sampling and Zoonotic pathogens *Commensals Susceptibility
testing testing
*Food animal, matrix, Humans Food animals Humans Disk Dilution
module diffusion method
Country
Denmark Salm(P, c, A; P, cs, A) Salm Ec (P, c, A; na X
Typhimurium C,c, A; B, c,
Camp(B, A; C, A; fb,
R) ® A; fbffplfc,
R)
Camp
- En (P, c, A;
Jejuni(f)
B, c, A,
fb/fp/fc, R)
France Salm(P, flc, F/IA; C, na Ec (P, fic, na X
fic, FIA; B, flc, FIA) FIA; C, fic,
F/A; B, flc,
Camp(P, fic, FIA; C,
FIA)
flc, FIA; B, flc, FIA)
En (P, flc,
FIA; C, fic,
F/A; B, fic,
FIA)
Netherlands Salm(B, f, F; B, c, A; Salm Ec (P, f,F; C, na X
fb, R) Typhimurium, f, F; B, f, F;

Enteritidis fb/fp/fc, R
Camp(B, f, F; B, ¢, A; ® P )
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fb, R) Camp En (P, c, A;

fp, R
Jejuni(f) P.R)
STEC (f)
Sweden Salm(P,f,F; C,f,F; S, Salm(bl), Ec (P, fic, na X
f, F) FIA, C, f A;
Camp(bl)
B, c, A)
Camp(P, f, F; C, f, F;
S, f,F) En (P, fic,
FIA, C, f A;
B, c, A)
Norway Salm(P, fic, F/IA; C, Salm Ec (B, f, F; na
flc, FIA; B, flc, FIA) Typhimurium, fb, R)
Enteritidis
Camp(B, ¢, A) En(B,f,F;

(bl, u, cf), b, R)
Camp Jejuni
(bl, u, cf),

Yer
enterocoilitca
(bl, u, cf),

*Shi(bl, u, cf)
*Food animal: P (pigs), C (cattle), S (sheep), Bilbrs)

Matrix (sample): ¢ (caecum), f (faeces), cs (caacagabs), fb (fresh broiler meat), fp (fresh porat), fc
(fresh cattle meat), bl (blood), u (urine), cf @arospinal fluid)

Module in the meat chain: F (farm), A (abattoir)(rBtail)

Zoonotic bacteriaSalm(Salmonelly, Camp(Campylobactex, Yer(Yersinid, STEC (Shiga toxin produciri.

coli)
*Non-zoonotic bacterigghi(Shigelld
*Commensals: Edscherichia coli, En Enterococcus faecium, Enterococcus faegalis

na: not applicable (the lack of data)
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4. Conclusion

Over the last decade, the AMR associated with zinof@odborne pathogens is recognized
as a major public health concern in Europe. Zoarfotndborne bacteria are infectious agents
which may be transferred from animals to humansfe@ consumption. Modern food-
animal production uses large amounts of antibiatmisonly for therapeutic purposes but also
to prevent disease and promote animal growth. Assalt, large numbers of healthy animals
are routinely or often exposed to antibiotics. Sintbnsive, on-farm production practice, can
trigger a development of bacterial resistance tdeantimicrobials. Food-producing animals
(cattle, sheep, pigs and poultry) are of particitaportance for emergence and transfer of
AMR which may be transferred to humans. The useanmtibiotics in one sector or
environmental compartment or country may influetiee spread of resistance in others. The
special importance should be given to commensatamicta €. coli, enterococci). These
bacteria can also acquire antimicrobial resistasca response to selective pressures and may
form a reservoir of resistance genes in environpfann and food animals, with the potential
for transferring resistance to pathogenic bacterdmch, in turn, may cause infection in
humans difficult to cure. Infections with foodborpathogensSalmonella Campylobactey,
resistant to antimicrobials, may result in seritnemtment failures or necessitate the use of

second-line antimicrobials for therapy.

The review of available scientific and professiohtdrature regarding contribution of the
meat chain to development and transfer of AMR fropat animals to humans, revealed that
in five selected countries — four EU MSs (Denméiance, Netherlands and Sweden) and
one EEA country (Norway), healthy or diseased fpoaducing animals (cattle, pigs and
poultry) and derived meats are regularly samplesh -farm, at abattoir and retail. The
differences between these five countries regardiagipling schemes and susceptibility
testing were evident (Table 4). A substantial défee was observed regarding food animal
category, sample matrix (faeces, caecum, fresh)naeat module in the meat chain (farm,
abattoir, retail) where sampling was conducted. alh five countries, detection and
susceptibility testing foSalmonellaand Campylobacteras well asE. coli and enterococci
was included in the national plan, although thed@n of food animal category, matrix and
module in the meat chain differed. The susceptybtiesting for major zoonotic foodborne
pathogens in humans (samples from blood, urinegbcespinal fluid) was carried out
regularly forSalmonella typhimuriurand Campylobacter jejuni in Denmark, Netherlands,
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Sweden and Norway; data from France were scarcaevastly related to individual studies
regarding AMR profile ofL. monocytogenesCampylobacterand Salmonella In Norway,
other pathogens were also regularly included inndtgonal AMR monitoring planY(ersinia
enterocoliticaand Shigellg in humans). Data on susceptibility testing for cosmsals in
humans were not available in neither of the fileced countries. The disk diffusion method
is widely used in France and Sweden, while thetiditu method is routinely used in

Denmark, Netherlands and Norway.

Integrated monitoring and surveillance of antimimab resistance in commensal and zoonotic
foodborne bacteria from humans, animals and fo@ah isssential source of information when
formulating measures to improve food safety andtgamtoconsumers from exposure to
resistant bacteria from foods. To harmonise thepsam and susceptibility testing and
provide better consistency between EU MSs, the ElgBlelines for the monitoring of
antimicrobial resistance (e.g. target number ofaies per animal population - on farm, at
abattoir and at retail; method of susceptibilitstiieg; a panel of antimicrobials to be included
and test ranges) should be applied. Such approsclalso needed to improve the
comparability of data generated among EU MSs.

The effective risk mitigation strategies to tackhe antimicrobial resistance in the food
(meat) chain context should be based on promotianter-sectoral cooperation at national
and international level. Veterinary, agriculturadgpharmaceutical authorities at the national
level should give consideration to establishingegutatory framework for authorizing and
controlling veterinary medicines, including critiigaimportant antibiotics for veterinary
medicine and human health. Integrating monitoring surveillance in the environment-food
animal-food (meat)-humans continuum is of utmospanance to tackle successfully the
issue of antimicrobial resistance. The essentialtps to reduce the need for antibiotics in
food animal production systems by improving animealth through biosecurity measures,
e.g. disease prevention (introduction of effectivaccines) and good hygiene and
management practices — on farm and at abattoiur&wesearch needs should be based on
knowledge gaps such as: securing comparable nhtilata on the occurrence of antibiotic
resistance in relevant bacteria from environmemdfanimals, food products and humans,
including the use of various types of antibiotics different categories of food animals;
actively using surveillance data in epidemiologioedearch and risk assessment, including

the evaluation of interventions; improve the untierding of mechanisms of resistance
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development and transfer; and development of ndiliatics and alternative approaches to

antibiotic therapy.
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