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Antimicrobial Resistance (AMR)
§ The inability or reduced ability of an antimicrobial agent to inhibit the 

growth of a bacterium
§ INTRINSIC:  when AMR is inherent to all the strains of a bacterial species, it is 
§ ACQUIRED: when a strain of a typically susceptible species is resistant to a 

given antimicrobial.

§ A bacterial strain can acquire resistance by mutation or by horizontal 
gene transfer

§ AMR development is mainly triggered by inappropriate use of 
antimicrobials in human and veterinary medicine or by their use in 
animal husbandry as growth promoters. 



The estimated impact of AMR

UN Ad hoc Interagency Coordinating Group on AMR: 
‘drug-resistant diseases could cause 10 million deaths each year by 
2050 and damage to the economy: by 2030, antimicrobial resistance

could force up to 24 million people into extreme poverty.’
https://www.who.int/antimicrobial-resistance/interagency-coordination-group/en/
https://www.who.int/news-room/detail/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis

https://ec.europa.eu/health/amr/
antimicrobial-resistance_en

EU:
‘AMR is responsible for an 
estimated 33,000 deaths per 
year in the EU. It is also
estimated that AMR costs the 
EU EUR 1.5 billion per year in 
healthcare costs and 
productivity losses.’



Antimicrobial resistance (AMR) presents a serious social 
and economic burden. It is estimated to be responsible for 
25,000 deaths per year in the EU alone and 700,000 
deaths per year globally. AMR also pushes up the cost 
of treatment and diminishes productivity due to illness: in 
the EU alone it is estimated that AMR costs EUR 1.5 billion 
annually. AMR also threatens the achievement of several 
of the United Nations’ Sustainable Development Goals, 
particularly the targets for good health and well-being.

In the face of regional and global AMR challenges, the EU 
stands at the forefront for addressing AMR. However, no 
single action will, in isolation, provide an adequate solution. 
Resistant bacteria and infectious diseases do not respect 
borders. No individual Member State or the EU can tackle 
the problem on its own. The EU is nevertheless in a strong 
position to act given its commitment to a high level of 
human health protection. 

The EU was quick to recognise the importance of tackling 
AMR, as the 2001 Community strategy against AMR shows. 
This policy was reinforced with the 2011 Commission 
action plan, notable for its One Health approach, 
addressing AMR in both humans and animals. A new and 
comprehensive EU action plan on AMR was requested by 
the Member States in the Council conclusions of 17 June 
2016. It builds on the 2011 action plan, its evaluation, 

the feedback 
received on 
a European 
C o m m i s s i o n 
roadmap on 
AMR and an 
open publ ic 
consultation.

This new One 
Health action 
plan against AMR 
will support the EU 
and its Member 
States in delivering 
i n n o v a t i v e , 

e!ective and sustainable responses to AMR; strategically 
reinforce the research agenda on AMR and enable the EU to 
actively promote global action and play a leading role in the 
fight against AMR. Its overarching goal is to preserve the 
possibility of e!ective treatment of infections in humans 
and animals. It provides a framework for continued, more 

extensive action to reduce the emergence and spread of 
AMR and to increase the development and availability of new 
e!ective antimicrobials inside and outside the EU.

The key objectives of this new plan are built on three 
main pillars:

1. Making the EU a best practice region

2. Boosting research, development and innovation

3. Shaping the global agenda

The new plan contains concrete actions with EU added 
value that the Commission will develop and strengthen 
as appropriate in the coming years for a more integrated, 
comprehensive and e!ective approach to combating AMR. 
All these actions are important in themselves, but they 
are also interdependent and need to be implemented in 
parallel in order to achieve the best outcome.

THE NEW EU ONE HEALTH ACTION PLAN 
AGAINST ANTIMICROBIAL RESISTANCE

@EU_Health @Food_EU
https://ec.europa.eu/health/amr/

is a term used  
to describe a principle which 
recognises that human and animal 
health are interconnected, that 
diseases are transmitted from 
humans to animals and vice versa 
and must therefore be tackled in 
both. It also encompasses the 
environment, another link between 
humans and animals and likewise 
a potential source of new resistant 
microorganisms.

One Health:  

include antibiotics, antivirals, 
antifungals and antiprotozoals. They are active 
substances of synthetic or natural origin which kill or 
inhibit the growth of microorganisms. Used in every-
day medicine (e.g. urinary tract infections, surgery and 
care of premature babies), they are vital to preventing 
and treating infections in humans and animals.

 is the ability 
of microorganisms, such as bacteria, to become 
increasingly resistant to an antimicrobial to which 
they were previously susceptible. AMR is a consequence 
of natural selection and genetic mutation. Such 
mutation is then passed on conferring resistance. This 
natural selection process is exacerbated by human 
factors such as inappropriate use of antimicrobials 
in human and veterinary medicine, poor hygiene 
conditions and practices in healthcare settings or in 
the food chain facilitating the transmission of resistant 
microorganisms. Over time, this makes antimicrobials 
less e!ective and ultimately useless.

Antimicrobials: 

Antimicrobial resistance (AMR):

Better evidence and awareness of the 
challenges of AMR

Strengthen One Health surveillance and reporting of 
AMR and antimicrobial use

�� Review EU implenting legislation on monitoring AMR 
in zoonotic and commensal bacteria in farm animals 
and food;

�� Review EU implementing legislation on reporting 
communicable diseases in humans;

�� Identify and assess under the EU Animal Health Law 
resistant bacteria that cause transmissible animal 
diseases and, if necessary, develop harmonised rules 
for their surveillance;

�� Improve AMR detection in the human health sector by 
providing EU support for networking collaboration and 
reference laboratory activities;

�� Consider options for the harmonised monitoring of 
AMR in the environment.

Benefit from the best evidence-based analysis and data

�� Provide evidence-based data on possible links between 
consumption of antimicrobial agents and the occurrence 
of antimicrobial resistance in humans and food-producing 
animals;

�� Define a limited number of key outcome indicators for 
AMR and antimicrobial consumption;

�� Support the development of a model aimed at helping 
Member States to assess the economic burden that 
AMR imposes on people and to estimate the cost-
e!ectiveness of their national policies to reduce it.

Increase awareness and understanding

�� Provide insights into reported public use of and 
knowledge about antimicrobials through Eurobarometer 
surveys;

�� Support Member States’ national awareness-raising 
e!orts with specific communication tools targeting 
key audiences and contribute to the annual European 
Antibiotic Awareness Days (EAAD).

Better coordination and implementation 
of EU rules to tackle AMR

Improve the coordination of Member States’ One 
Health responses to AMR

�� Make available regular information on AMR in the 
context of the AMR One Health network, which gives an 
overview of the AMR epidemiological situation at Member 
State and EU level;

�� Support the implementation of national One Health 
action plans;

�� Launch a joint action to tackle AMR and healthcare-

associated infections to support collaborative activities 
and policy development by Member States;

�� Make increased use of the EU Health Security 
Committee and the Commission Working Group on 
AMR in the veterinary and food areas to strengthen 
coordination and share information;

�� Seek to co-fund and collaborate with the World Health 
Organisation (WHO) on activities to help EU Member 
States develop and implement national One Health 
action plans against AMR.

Better implementation of EU rules

�� Assess the e!ectiveness of the implementation of 
EU legislation on, inter alia, monitoring AMR in food-
producing animals and food by regular audits in 
Member States;

�� Develop training programmes for Member State 
competent authorities under the Better Training for 
Safer Food (BTSF) initiative and for health professionals. 

�� Advise Member States on the Structural Reform Support 
Service (SRSS) funding for designing and implementing 
policies against AMR.

Better prevention and control  
of AMR

Strengthen infection prevention and control measures

�� Support good practices in infection prevention and 
control in hospital environments;

�� Support activities for infection prevention and control 
in vulnerable groups, in particular to tackle resistant 
tuberculosis strains;

�� Promote uptake of vaccination in humans to prevent 
infections and subsequent use of antimicrobials;

�� Continue to promote animal husbandry systems, and 
feeding regimes which support good animal health and 
welfare to reduce antimicrobial consumption.

Promote the prudent use of antimicrobials

�� Work towards EU implementing and delegated acts 
under the forthcoming veterinary medicinal products 
and medicated feed Regulations, including rules on 
reserving antimicrobials for human use, drawing up 
a list of antimicrobials that cannot be used o!-label, 
and methods for data gathering and reporting on the 
sales and use of antimicrobials;

�� Develop EU guidelines for the prudent use of 
antimicrobials in human medicine; 

�� Assist Member States implement EU guidelines for the 
prudent use of antimicrobials in veterinary medicine;

�� Encourage the EMA to review all available information 
on the benefits and risks of older antibacterial agents.

1.  MAKING THE EU A BEST PRACTICE REGION

Better addressing the role of the 
environment

�� Adopt an EU strategic approach to pharmaceuticals 
in the environment;

�� Maximise the use of data from existing monitoring to 
improve knowledge, including by using the Information 
Platform for Chemical Monitoring (IPCheM);

�� Reinforce the role of the Scientific Committee on Health 
and Environmental Risks (SCHER) in providing the 
expertise on environment-related AMR issues.

A stronger partnership against AMR  
and better availability of antimicrobials

�� Engage with and support collaboration among key 
stakeholders in the human health, animal health, 

food, water and environmental sectors to encourage 
the responsible use of antimicrobials and appropriate 
handling of waste material;

�� Work with stakeholders to ensure the availability of 
human and veterinary antimicrobials and continued 
access to established products; provide incentives 
to increase the uptake of diagnostics, antimicrobial 
alternatives and vaccines;

�� Reduce the scope for falsified medicines by assisting 
Member States and stakeholders in the implementation 
of the safety features (unique identifier);

�� Discuss the availability of veterinary antimicrobials in 
the Veterinary Pharmaceutical Committee.

Improve knowledge on detection, 
e!ective infection control and 
surveillance

�� Support research into the development and assessment 
of interventions that prevent the development and 
spread of AMR; 

�� Support research into understanding the epidemiology 
of AMR, in particular the pathways of transmission 
between animals and humans, and their impact;

�� Support research into the development of new tools 
for early (real-time) detection of resistant pathogens 
in humans and animals; 

�� Support research into new eHealth solutions to improve 
prescription practices, self-management of health, care 
solutions, and improving awareness of AMR.

Develop new therapeutics and 
alternatives

�� Support research into the development of new 
antimicrobials and alternative products for humans and 
animals as well as the repurposing of old antimicrobials 
or the development of new combination therapies;

�� Support SMEs in their R&D e!orts towards innovative 
and/or alternative therapeutic approaches for the 
treatment or prevention of bacterial infections;

�� Facilitate sharing of antimicrobial research data among 
relevant stakeholders;

�� Support the establishment of a European-wide 
sustainable clinical research network;

�� Support research and innovation to promote the use of 
digital technologies supporting the development of new 
therapeutics and alternatives.

Develop new preventive vaccines

�� Continue to support research into the development 
of new e!ective preventive vaccines for humans and 
animals;

�� Support increasing the knowledge base concerning the 
barriers that influence the wider use of vaccination in 
medical and veterinary practice. 

Develop novel diagnostics

�� Support research into the development of new diagnostic 
tools in particular on-site tests in humans and animals; 

�� Support the use of IT solutions in developing tools for 
diagnosing human and animal infections;

�� Encourage the uptake of diagnostics in medical and 
veterinary practice.

Develop new economic models and 
incentives

�� Increase the evidence base for understanding the 
societal costs and benefits of di!erent strategies for 
fighting AMR;

�� Support research into the development of new economic 
models, exploring and analysing incentives to boost the 
development of new therapeutics, alternatives, vaccines 
and diagnostics;

�� Analyse EU regulatory tools and incentives – in particular 
orphan and paediatric legislation – to use them for novel 
antimicrobials and innovative alternative medicinal 
products that currently do not generate su!cient returns 
on investment;

�� Encourage Member States to explore results and 
recommendations of EU research projects on new 
economic business models;

�� Develop new or improved methodological HTA 

2.  BOOSTING RESEARCH, DEVELOPMENT AND INNOVATION ON AMR

A stronger EU global presence

�� Continue to actively contribute towards the normative 
work of WHO, the World Animal Health Organisation 
(OIE), the Food and Agriculture Organization (FAO) 
and the Codex Alimentarius on the development of 
ambitious international frameworks and standards/ 
norms/ guidelines/ methodologies related to AMR;

�� Reinforce technical cooperation with the WHO and its 
members in key areas of the WHO Global Action Plan 
on AMR;

�� Boost support for the International Conference 
on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use 
(ICH) and the Veterinary International Conference on 
the Harmonisation (VICH) on relevant international 
guidelines/ standards /norms related to AMR;

�� Work towards continued high-level political attention 
and commitment to AMR action, including in the United 
Nations forums, the G7 and the G20;

�� Look for synergies with the UN Strategic Approach 
to International Chemicals Management’s work on 
the emerging policy issue of pharmaceuticals in the 
environment;

�� Analyse the feasibility of setting up a global AMR clinical 
studies network in collaboration with G7 members;

�� Continue and strengthen collaboration within the 
Transatlantic Taskforce on Antimicrobial Resistance 
(TATFAR), which includes the EU, the USA, Canada and 
Norway;

�� Promote international regulatory convergence between 
the EMA and other regulatory agencies such as the 
US Food and Drug Administration (FDA) and the Japan 
Pharmaceuticals and Medical Devices Agency (PMDA) on 
development plans for new promising antimicrobials.

Stronger bilateral partnerships for 
stronger cooperation

�� Advocate EU standards and measures for tackling 
AMR in trade agreements and incorporate them into 
cooperative arrangements in trade agreements;

�� Engage with major global players and strategic 

countries (e.g. Brazil, China, India), contributing towards 
achieving objectives of the WHO Global Action Plan on 
AMR;

�� Support EU candidate countries, potential candidate 
countries and neighbouring countries to which the ENP 
applies in the alignment with, and capacity building for 
the implementation of EU legislation related to AMR and 
EU standards;

�� Invite the European Parliament, Member States and 
stakeholders to share views on actions to be taken 
to ensure that e!orts to combat AMR made by EU 
producers, including farmers, do not place them at a 
competitive disadvantage.

Cooperating with developing 
countries

�� Continue to contribute to reducing AMR in least 
developed countries through infectious disease 
programmes;

�� Assist in the development of AMR strategies in the 
areas of food safety and animal health through regional 
training workshops on AMR;

�� Support partner countries’ policy initiatives on AMR, 
where appropriate, through international cooperation 
and development instruments;

�� Support the development of resilient health systems 
in partner countries.

Developing a global research agenda

�� Improve global coordination of research activities; 

�� Support the establishment of a virtual research 
institute under the Joint Programming Initiative on 
AMR (JPIAMR);

�� Continue collaborative research with Sub-Saharan 
African in the context of the European and Developing 
Countries Clinical Trial Partnership (EDCTP) in particular 
in relation to tuberculosis, HIV/AIDS, malaria and 
neglected infectious diseases;

�� Foster international research collaboration on AMR in 
the animal health sector in the STAR-IDAZ International 
Research Consortium.

approaches and foster methodological consensus-
building.

Close knowledge gaps on AMR in the 
environment and on how to prevent 
transmission

�� Support research into knowledge gaps on the release 
of resistant microorganisms and antimicrobials into 
the environment and their spread;

�� Explore risk assessment methodologies to evaluate the 
risks to human and animal health from the presence of 
antimicrobials in the environment;

�� Support the development of new tools for monitoring 
antimicrobials and microorganisms resistant against 
antimicrobials in the environment;

�� Support the development of technologies that enable 
e"cient and rapid degradation of antimicrobials in 
wastewater and the environment and reduce the 
spread of AMR.

3.  SHAPING THE GLOBAL AGENDA

https://ec.europa.eu/health/amr/sites/health/files/antimicrobial_resistance/docs/amr_2017_action-plan.pdf



IS AMR A FOOD RISK?



ANTIMICROBIAL CONSUMPTION IN ANIMAL HUSBANDRY

SCIENTIFIC REPORT

APPROVED: 28 June 2017

doi: 10.2903/j.efsa.2017.4872

ECDC/EFSA/EMA second joint report on the integrated
analysis of the consumption of antimicrobial agents and
occurrence of antimicrobial resistance in bacteria from

humans and food-producing animals

Joint Interagency Antimicrobial Consumption and Resistance
Analysis (JIACRA) Report

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

European Medicines Agency (EMA)

Abstract
The second ECDC/EFSA/EMA joint report on the integrated analysis of antimicrobial consumption (AMC)
and antimicrobial resistance (AMR) in bacteria from humans and food-producing animals addressed
data obtained by the Agencies’ EU-wide surveillance networks for 2013–2015. AMC in both sectors,
expressed in mg/kg of estimated biomass, were compared at country and European level. Substantial
variations between countries were observed in both sectors. Estimated data on AMC for pigs and poultry
were used for the !rst time. Univariate and multivariate analyses were applied to study associations
between AMC and AMR. In 2014, the average AMC was higher in animals (152 mg/kg) than in humans
(124 mg/kg), but the opposite applied to the median AMC (67 and 118 mg/kg, respectively). In 18 of 28
countries, AMC was lower in animals than in humans. Univariate analysis showed statistically-signi!cant
(p < 0.05) associations between AMC and AMR for "uoroquinolones and Escherichia coli in both sectors,
for 3rd- and 4th-generation cephalosporins and E. coli in humans, and tetracyclines and polymyxins and
E. coli in animals. In humans, there was a statistically-signi!cant association between AMC and AMR for
carbapenems and polymyxins in Klebsiella pneumoniae. Consumption of macrolides in animals was
signi!cantly associated with macrolide resistance in Campylobacter coli in animals and humans.
Multivariate analyses provided a unique approach to assess the contributions of AMC in humans and
animals and AMR in bacteria from animals to AMR in bacteria from humans. Multivariate analyses
demonstrated that 3rd- and 4th-generation cephalosporin and "uoroquinolone resistance in E. coli from
humans was associated with corresponding AMC in humans, whereas resistance to "uoroquinolones in
Salmonella spp. and Campylobacter spp. from humans was related to consumption of "uoroquinolones in
animals. These results suggest that from a ‘One-health’ perspective, there is potential in both sectors to
further develop prudent use of antimicrobials and thereby reduce AMR.

© 2017 European Centre for Disease Prevention and Control, © European Food Safety Authority and
© European Medicines Agency. EFSA Journal published by John Wiley and Sons Ltd on behalf of
European Food Safety Authority.

Keywords: antimicrobial consumption, antimicrobial resistance, public health, food-producing
animals, ecological analysis, logistic regression, partial least square path modeling

Requestor: European Commission

Question number: EFSA-Q-2016-00029

EFSA Journal 2017;15(7):4872www.efsa.europa.eu/efsajournal
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Notes: 1) The y-axis scale differs between the graphs A, B and C.
2) The estimates presented are crude and must be interpreted with caution. For limitations that hamper the
comparison of consumption of antimicrobials in humans and animals, please see Section 14.
3) Classes not included for human medicine were monobactams (ATC group J01DF), other cephalosporins and
penems (J01DI), streptogramins (J01 FG), glycopeptides, imidiazoles, nitrofurans, steroid antimicrobials and other
antimicrobials (J01XX). Substances not included for food-producing animals were bacitracin (ATCvet group
QA07AA93 and QJ01XX10), paromomycin (QJ01GB92) and spectinomycin (QJ01XX04).

Figure 7: Comparison of consumption of selected antimicrobial classes in humans and food-producing
animals, EU/EEA MSs, 2014

ECDC, EFSA and EMA second joint report, JIACRA
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1) Consumption of macrolides in animals and
resistance in C. coli from humans, 2013

3) Consumption of macrolides in animals and
resistance in C. jejuni from humans, 2013

5) Consumption of macrolides in animals and
resistance in C. jejuni from humans, 2015

4) Consumption of macrolides in animals and
resistance in C. jejuni from humans, 2014

2) Consumption of macrolides in animals and
resistance in C. coli from humans, 2014

Dots represent the countries involved in the analysis.
The scale used in graphs (3), (4) and (5) is adapted according to the range of probabilities of resistance
observed, in order to best show the distribution of data points.

Figure 38: Logistic regression analysis curves of the consumption of macrolides in food-producing
animals and the probability of resistance to macrolides in C. coli and C. jejuni from
humans, EU/EEA MSs, 2013–2015 (see also Table 30)

ECDC, EFSA and EMA second joint report, JIACRA

www.efsa.europa.eu/efsajournal 75 EFSA Journal 2017;15(7):4872

Dots represent the countries included in the analysis.
Category ‘food-producing animals’ includes broilers, cattle and pigs for 2013 and broilers, turkeys, pigs and
calves for 2014–2015.

Figure 41: Logistic regression analysis curves of the consumption of tetracyclines in food-producing
animals and the probability of resistance to tetracyclines in indicator E. coli from food-
producing animals in (1) 2013 and (2) 2014–2015, in Salmonella spp. from food-producing
animals in (3) 2013 and (4) 2014–2015, and in (5) C. jejuni from broilers and cattle in 2013
(see also Table 33)

ECDC, EFSA and EMA second joint report, JIACRA

www.efsa.europa.eu/efsajournal 82 EFSA Journal 2017;15(7):4872

10.3.2. In pigs and poultry

The estimated consumption of tetracyclines in pigs (expressed in DDDvet/kg of estimated biomass)
was compared with the occurrence of resistance to tetracyclines in indicator E. coli from slaughter pigs
in 2013 and 2015 for 12 and 18 reporting countries, respectively. Both associations were signi!cantly
positive (Table 34, Figure 42).

The estimated consumption of tetracyclines in poultry, expressed in DDDvet/kg of estimated
biomass, was compared with the occurrence of resistance to tetracyclines in indicator E. coli,
Salmonella spp. and C. jejuni from broilers and turkeys in 2013 and 2014 (Table 34). Both data on
cipro"oxacin resistance to and consumption of tetracyclines in poultry were available together from 15
and 20 countries for Salmonella spp. in 2013 and 2014, respectively and in 26 countries for indicator
E. coli in 2014 and in 24 countries for C. jejuni in 2014 (Figure 43).

Table 34: Results of logistic regression for the estimated consumption of tetracyclines in pigs and
poultry, expressed in DDDvet/kg of estimated biomass/year, and the probability of
resistance to tetracyclines in bacteria from slaughter pigs and poultry (see also Figure 42)

Animal Year Countries included in the analysis OR 95% PL CI p-value
Indicator E. coli
Slaughter
pigs

2013(a) AT, BE, DE, DK, ES, FI, FR, HU, NL, PL, SE, UK (n = 12) 1.21 1.09–1.35 < 0.001
2015 AT, BE, BG, CH, CY, DE, EE, FI, HR, HU, IE, LV, NO, PL,

PT, RO, SE, SI (n = 18)
1.36 1.22–1.53 < 0.001

Poultry 2014 AT, BE, BG, CY, CZ, DE, DK, EE, ES, FI, FR, HR, HU, IE,
IT, LT, LV, NL, NO, PL, PT, RO, SE, SI, SK, UK (n = 26)

1.57 1.27–1.96 < 0.001

Salmonella spp.
Poultry 2013(a) AT, BE, CZ, DE, DK, ES, FR, HU, IE, IT, NL, PL, SI, SK,

UK (n = 15)(b)
1.08 0.78–1.47 0.643

2014 AT, BE, BG, CY, CZ, DE, DK, ES, FR, HR, HU, IE, IS, IT,
NL, PL, PT, RO, SI, SK, UK (n = 21)

1.35 0.99–1.87 0.057

C. jejuni

Poultry 2014 AT, BE, CY, CZ, DE, DK, ES, FI, FR, HR, HU, IE, IS, IT,
LT, LV, NL, PL, PT, RO, SE, SI, SK, UK (n = 24)

1.60 1.26–2.04 < 0.001

OR: odds ratio; PL CI: pro!le likelihood con!dence interval, 95%.
OR varies from 0 to in!nity. When OR equals 1 or CI includes 1, the association is not considered statistically-signi!cant.
(a): In the absence of 2013 resistance data, proxy data for years prior to 2013 may have been used.

Dots represent the countries included in the analysis.

Figure 42: Logistic regression analysis curves of the estimated consumption of tetracyclines in pigs
and the probability of resistance to tetracyclines in indicator E. coli from slaughter pigs in
(1) 2013 and (2) 2015 (see also Table 34)

ECDC, EFSA and EMA second joint report, JIACRA
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Logistic regression
analysis curves of 
the AMR 
consumption in 
food producing
animals and the 
probability of 
resistance
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tetracyclines in Salmonella tetracyclines in Campylobacter jejuni

Partial Least Squares Path Modeling (PLS-PM).
potential relationships between antimicrobial resistance in bacteria from humans 

(AMRhuman) and antimicrobial consumption in humans (AMChuman), antimicrobial 
consumption in animals (AMCanimal) (whether as direct or indirect influential factor), 

and antimicrobial resistance in bacteria in animals (AMRanimal) 

EFSA Journal 2017;15(7):4872 
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AMR in the food chain

1. The data on AMR in 
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The EU reports

2. Risk assessment of 
AMR in food
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and Exposure assessment 

3. The measures for risk 
mitigation
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Abstract
Data on antimicrobial resistance (AMR) in zoonotic and indicator bacteria from humans, animals and
food are collected annually by the EU Member States (MSs), jointly analysed by EFSA and ECDC and
reported in a yearly EU Summary Report. The annual monitoring of AMR in animals and food within
the EU is targeted at selected animal species corresponding to the reporting year. The 2017 monitoring
speci!cally focussed on pigs and calves under 1 year of age, as well as their derived carcases/meat,
while the monitoring performed in 2018 speci!cally focussed on poultry and their derived carcases/
meat. Monitoring and reporting of AMR in 2017/2018 included data regarding Salmonella,
Campylobacter and indicator Escherichia coli isolates, as well as data obtained from the speci!c
monitoring of ESBL-/AmpC-/carbapenemase-producing E. coli isolates. Additionally, some MSs reported
voluntary data on the occurrence of meticillin-resistant Staphylococcus aureus in animals and food,
with some countries also providing data on antimicrobial susceptibility. This report provides, for the
!rst time, an overview of the main !ndings of the 2017/2018 harmonised AMR monitoring in the main
food-producing animal populations monitored, in related carcase/meat samples and in humans. Where
available, data monitoring obtained from pigs, calves/cattle, broilers, laying hens and turkeys, as well
as from carcase/meat samples and humans were combined and compared at the EU level, with
particular emphasis on multiple drug resistance, complete susceptibility and combined resistance
patterns to critically important antimicrobials, as well as Salmonella and E. coli isolates exhibiting
presumptive ESBL-/AmpC-/carbapenemase-producing phenotypes. The outcome indicators for AMR in
food-producing animals, such as complete susceptibility to the harmonised panel of antimicrobials in
E. coli and the prevalence of ESBL-/AmpC-producing E. coli have been also speci!cally analysed over
the period 2014–2018.
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The levels of complete susceptibility (de!ned as susceptibility to all of the 14 antimicrobials tested
in the harmonised panel) also varied between reporting countries within most of the carcase origins
(Figures 6 and 7). Considering countries reporting data for ten or more Salmonella isolates, complete
susceptibility among isolates recovered from pig carcases ranged from 7.2% in Spain to 68.4% in
Hungary and 78.9% in Slovakia. In calf carcases, only two countries reported data on ten or more
Salmonella isolates, with complete susceptibility ranging from high in France (50%) to extremely high
in Spain (75%). Considering countries reporting data from poultry carcases and where ten or more
isolates were submitted for analysis, the proportion of completely susceptible isolates from broiler
carcases ranged from not detected in Greece and Slovenia to extremely high in the Czech Republic
and the UK (71.4% and 99%, respectively), and for turkey carcases between 0% in Spain and
Romania to 35.6% in France. Differences in the prevalence of particular serovars and phage types of
Salmonella in different countries and animal populations, and their associated patterns of resistance
are likely to explain some of the differences in the levels of MDR and complete susceptibility. The
proportions of isolates which were completely susceptible and MDR among particular Salmonella
serovars within the carcases origins are presented in Annex B.

MDR and complete susceptibility levels are also expressed as a percentage; N: total number of Salmonella spp.
reported by MSs and non-MSs.

Figure 5: MDR and completely susceptible Salmonella spp. recovered from carcases of pigs (fatteners),
calves (under 1 year of age), broilers and fattening turkeys, for all reporting countries
(including 1 non-MS in pig carcases and 2 non-MSs in broiler carcases) in 2017/2018

EUSR on AMR in zoonotic and indicator bacteria from humans, animals and food 2017/2018

www.efsa.europa.eu/efsajournal 24 EFSA Journal 2020;18(3):6007
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Figure 38: Prevalence of presumptive ESBL-producing (a) and AmpC-producing (b) E. coli from the
speci!c monitoring of ESBL/AmpC-producing E. coli, 2017/2018

EUSR on AMR in zoonotic and indicator bacteria from humans, animals and food 2017/2018
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AMR as a food risk: Gaps of Knowledge

Hazard Characterization
§ The prevalence of AMR species in RTE food
§ The prevalence of AMR genes in RTE food
§ AMR in strains intentionally used in the food chain
Exposure
§ How many AMR bacteria from RTE foods are ingested?
§ What the rate of horizontal gene in food?
Risk Characterization
§ What’s the risk dimension?



RAW MILK CHEESE PASTEURISED MILK CHEESE
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Prevalence of AMR bacteria in cheese at the 
consumption stage 



Meta-resistome AnalysisCultivation based approach

ARO:3000186 tetM "Enterococcus faecium”
ARO:3000250 ErmC "Staphylococcus aureus”
ARO:3000375 ErmB "Streptococcus pneumoniae" 
ARO:3000894 TEM-24 "Enterobacter aerogenes"
ARO:3003373 acrR with multidrug antibiotic resistance”
ARO:3002608 aadA8 ” Pseudomonas aeruginosa”
ARO:3002578 AAC(6')-Ib7 "Shigella flexneri" 
ARO:3003209 FosA5 "Enterobacter cloacae"
ARO:3002724 QnrB10 "Acinetobacter baumannii”
ARO:3003109 msrE "Enterobacter cloacae"



The multidrug resistant E. faecium UC7251
isolated from fermented sausage

§ Multidrug resistant strain
§ isolated from fermented sausage
§ 12 acquired resistance genes were detected 
§ tetM is harboured by Tn916
§ ampicillin resistance: allelic variation in pbp5 gene
§ ermB is plasmid coded

Antibiotic Acquired Resistance Genotypes

tetracyclines tetM tetK adeC

amynoglycosides APH(3')-IIIa ANT(9)-Ia AAC(6')-I 

macrolides ermB msrC

lincosamides lmrD lsaA lmrC salA

ampicillin pbp5-S1/R20

Resistance MIC (μg/ml)
Ampicillin 64
Gentamycin 32
Kanamycin >4096
Streptomycin >1024
Erythromycin >512
Clindamycin >512
Tetracycline >64
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EMA and EFSA Joint Scienti!c Opinion on measures to
reduce the need to use antimicrobial agents in animal
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Abstract
EFSA and EMA have jointly reviewed measures taken in the EU to reduce the need for and use of
antimicrobials in food-producing animals, and the resultant impacts on antimicrobial resistance (AMR).
Reduction strategies have been implemented successfully in some Member States. Such strategies
include national reduction targets, benchmarking of antimicrobial use, controls on prescribing and
restrictions on use of speci!c critically important antimicrobials, together with improvements to animal
husbandry and disease prevention and control measures. Due to the multiplicity of factors contributing
to AMR, the impact of any single measure is dif!cult to quantify, although there is evidence of an
association between reduction in antimicrobial use and reduced AMR. To minimise antimicrobial use, a
multifaceted integrated approach should be implemented, adapted to local circumstances.
Recommended options (non-prioritised) include: development of national strategies; harmonised
systems for monitoring antimicrobial use and AMR development; establishing national targets for
antimicrobial use reduction; use of on-farm health plans; increasing the responsibility of veterinarians
for antimicrobial prescribing; training, education and raising public awareness; increasing the
availability of rapid and reliable diagnostics; improving husbandry and management procedures for
disease prevention and control; rethinking livestock production systems to reduce inherent disease
risk. A limited number of studies provide robust evidence of alternatives to antimicrobials that
positively in"uence health parameters. Possible alternatives include probiotics and prebiotics,
competitive exclusion, bacteriophages, immunomodulators, organic acids and teat sealants.
Development of a legislative framework that permits the use of speci!c products as alternatives should
be considered. Further research to evaluate the potential of alternative farming systems on reducing
AMR is also recommended. Animals suffering from bacterial infections should only be treated with
antimicrobials based on veterinary diagnosis and prescription. Options should be reviewed to phase
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§ reduced use of AMR in 
animal farming: need for 
alternatives 

§ bacterial strains and 
products  intentionally 
introduced in the food chain 
should not spread AMR
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Scienti!c Opinion on the update of the list of
QPS-recommended biological agents intentionally added to

food or feed as noti!ed to EFSA*
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Abstract
EFSA is requested to assess the safety of a broad range of biological agents in the context of noti!cation for
market authorisation as sources of food and feed additives, food enzymes and plant protection products.
The quali!ed presumption of safety (QPS) assessment was developed to provide a harmonised generic pre-
assessment to support safety risk assessments performed by EFSA’s scienti!c Panels. The safety of
unambiguously de!ned biological agents (at the highest taxonomic unit appropriate for the purpose for
which an application is intended), and the completeness of the body of knowledge are assessed. Identi!ed
safety concerns for a taxonomic unit are, where possible and reasonable in number, re"ected as
‘quali!cations’ in connection with a recommendation for a QPS status. The list of QPS recommended
biological agents was reviewed and updated in the current opinion and therefore becomes the valid list.
The 2016 update reviews previously assessed microorganisms including bacteria, yeasts and viruses used
for plant protection purposes following an Extensive Literature Search strategy. The taxonomic units related
to the new noti!cations received since the 2013 QPS opinion, were periodically evaluated for a QPS status
and the results published as Statements of the BIOHAZ Panel. Carnobacterium divergens, Lactobacillus
diolivorans, Microbacterium imperiale, Pasteuria nishizawae, Pediococcus parvulus, Bacillus !exus,
Bacillus smithii, Xanthomonas campestris and Candida cylindracea were recommended for the QPS list. All
taxonomic units previously recommended for the 2013 QPS list had their status recon!rmed as well their
quali!cations with the exception of Pasteuria nishizawae for which the quali!cation was removed. The
exclusion of !lamentous fungi and enterococci from the QPS evaluations was reconsidered but monitoring
will be maintained and the status will be re-evaluated in the next QPS Opinion update. Evaluation of
bacteriophages should remain as a case-by-case procedure and should not be considered for QPS status.

© 2017 European Food Safety Authority. EFSA Journal published by John Wiley and Sons Ltd on behalf
of European Food Safety Authority.
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ALTERNATIVE MEASURES



EFSA AMR-susceptibility assessment: a combined use of 
genomic and phenotypic data    
§ Whole Genome Sequence
§ Presence of genes coding for resistance to antimicrobials relevant to their use in 

humans and animals (CIAs or HIAs). 
§ Data focusing on complete genes coding for resistance to antimicrobials. 
§ Data should include at least the gene identification, function of the encoded protein, 

percentage of identity and e-value.

BACTERIAL STRAINS AND PRODUCTS INTENTIONALLY 
INTRODUCED IN THE FOOD CHAIN SHOULD NOT  CONTRIBUTE 
TO AMR SPREAD

- QPS (Qualified Presumption of Safety) approach - BIOHAZ
- FEED additives guidance - FEEDAP
- FOOD enzymes statement - CEP



The data on AMR in the food chain Still incomplete to achieve a 
quantitative figure of the AMR flow
in the of food chain  

Risk assessment of AMR in food Need for more information on the 
consumer exposure

The measures for risk mitigation To be developed for RTE foods


